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EFFECT OF AMARANTH. PONCEAU 4R AND/OR 
VITAMIN A ON ENZYME ACTIVITIES OF 

THE RAT LIVER
D. Holmberg

T oxicology L abora tory . N a tion a l Food A dm inistration. B ox 622. S-711 26 U ppsala. Sweden

(R eceived  S S eptem ber 1911)

Abstract— F o u r  g ro u p s  each  o f five m ale  ra ts  w ere  tre a te d  da ily  by g av ag e  fo r 9 d ay s  w ith  0 2 5  M -sucrose 
(con tro l), a m a ra n th  (85 m g /k g  b o d y  w e ig h t/d ay )  in suc rose , v itam in  A (115 m g /k g /d ay )  in a rach is  
oil o r  th ese  d o se s o f  b o th  a m a ra n th  a n d  v itam in  A so lu tio n s . T h e  effects o f  these  tre a tm e n ts  on  
the  a c tiv itie s  o f  c e r ta in  liver en zy m es w ere stu d ied . In vivo  th e  ac tiv ity  o f  g lu co se -6 -p h o sp h a te  d e h y d ro ­
genase  w as s ig n ifican tly  red u ced  by  a m a ra n th  g iven  in c o m b in a tio n  w ith  v itam in  A. A m a ra n th  g iven  
a lo n e  s ig n ifican tly  red u ced  a c id -p h o sp h a ta s e  a c tiv ity  in th e  cy to so l. T h e  in c rease  in m a la te -d e h y d ro -  
gen ase  a c tiv ity  c au sed  by  v itam in  A w as sig n ifican tly  c o u n te ra c te d  by  s im u lta n e o u s  a d m in is tra tio n  
o f  a m a ra n th . T h e  ac tiv ity  o f  x -g ly ce ro p h o sp h a te  d e h y d ro g e n a se  w as s ign ifican tly  low er in the  a m a r a n th -  
v itam in  A g ro u p  th a n  in th e  g ro u p  given  a m a ra n th  a lo n e . In  in vitro  s tu d ie s  b o th  a m a ra n th  a n d  
P o n c e a u  4R  a n d  c o m b in a tio n s  o f  e ith e r  o f  th ese  su b s ta n c e s  w ith  v itam in  A cau sed  a  s ign ifican t dec rease  
in th e  a c tiv ity  o f  ra t-liv e r  ly so so m al ac id  p h o sp h a ta se .

INTRODUCTION

Amaranth (FD & C Red No. 2) was widely used 
as a food colouring for many years without giving 
rise to any reports of possible hazard to man.

Extensive toxicity testing of this material, including
2 -yr feeding studies in rats, dogs and mice, gave no 
cause for concern about its safety (Cook. Hcwett. 
Kennaway & Kennaway. 1940: Radomski & Mell- 
inger. 1962; Willheim & Ivy. 1953). However, in 1970 
Andrianova reported some experimental data which 
suggested for the first time that amaranth might have 
carcinogenic properties, and more recently the terato­
genic. carcinogenic and toxic effects of amaranth have 
been discussed by various authors (Collins & 
McLaughlin. 1972; Keplinger. Wright, Plank & 
Calandra, 1974; Khera. Przybylski & McKinley 1974; 
Larsson. 1975).

In view of the possible toxic effects of amaranth, 
its isomer. Ponceau 4R. has begun to be widely used 
in the last few years as a red colouring. The work 
reported here was an attempt to determine whether 
amaranth and Ponceau 4R can cause hepatocellular 
damage. It involved the examination of a number of 
enzymes, namely z-gl_vcerolphosphate dehydrogenase, 
malate dehydrogenase and lactate dehydrogenase, all 
of which can be used to demonstrate cell poisoning 
(Schmidt & Schmidt. 1963). glucose-6 -phosphate de­
hydrogenase. the first enzyme in the chain leading 
to the production of D-ribose. a precursor of nucleo­
tide synthesis, which is very important for cellular 
function, and the lysosomal enzyme, acid phospha­
tase. Toxic agents can cause tissue injury by inducing 
the release of lysosomal hydrolases into the cytoplasm 
(de Duve. 1963). Since vitamin A is known to promote 
the activity of hepatic lysosomal hydrolases (Fell. 
Dingle & Webb. 1962). the effect of a combination 
of amaranth or Ponceau 4R with vitamin A on liver 
enzymes was also investigated.

EXPERIMENTAL

Test materials. The red colourings, amaranth (FD 
& C Red No. 2) and Ponceau 4R (new coccine) used 
in this study were obtained from ICI Ltd.. Manches­
ter. England. The amaranth had a dye content of 80%. 
impurities being 4% NaCl and Na2 S 0 4. 3% subsidi­
ary dyes. 4% volatile matter and 01% water-insoluble 
matter. Ponceau 4R had a dye content of 77-6%, im­
purities present being 8 % NaCl and Na2 S 04. 10% 
volatile matter. 0 1 % water-insoluble matter. 1% sub­
sidiary dyes and 0 2% ether-extractable material. Vita­
min A. in the form of transretinol crystalline synthetic 
type X. was obtained from Sigma Chemical Co.. Lon­
don.

Animals and treatment. Adult male albino rats of 
the Sprague-Dawley strain weighing 160-180 g were 
obtained from Anticimex, Sweden, and were divided 
into four groups of five. These groups were fed a stan­
dard diet (R3; Astra. Sweden) and were given by 
gavage, daily for 9 days, 0 4 ml 0-25 M-sucrose (control 
group), 0-4 ml 0-25 M-sucrose containing 14-3 mg 
amaranth (amaranth group). 20 mg vitamin A in 0-4 
ml of arachis oil (vitamin A group), or both amaranth 
and vitamin A solutions in the same doses as were 
given individually (amaranth/vitamin A group). The 
animals were weighed daily throughout treatment.

Fractionation of rat liver. The animals were starved 
for 20 hr (between days 9 and 10) before being killed 
by a blow on the head. The livers were removed, 
minced in chilled 0-25 M-sucrose and homogenized in 
a glass homogenizer at 10% w/v in cold 0-25 m - s u c - 
rose-0025 M-tris-acetate. pH 7-4. The homogenates 
were then centrifuged for 2 0  min at 600 g to remove 
the nuclei, debris and unbroken cells. The superna­
tants were removed and centrifuged for 2 0  min at
27.000 g and then for 60 min at 100.000 g. All the 
procedures were performed at 4 C. The pellets from 
the 27.000-g centrifugation, the lvsosome-rich frac­
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2 D. Holmberg

tions. were suspended in 025 M-sucrose-0025 tris-ace- 
tate, pH 7-4. in a concentration of about 15 mg pro- 
tein/ml. and the suspension was subsequently incu­
bated at 37°C for 40 min. Immediately after the incu­
bation each sample was centrifuged for 2 0  min at
27.000 g and the supernatant was decanted into small 
glass tubes and maintained at 4'C until assayed for 
lysosomal-enzyme activity. The 100.000-g superna­
tants were assayed directly for phosphatase activity 
without incubation.

Estimations of enzyme activity in vivo. The activities 
of free and total acid phosphatase were measured 
according to Wattiaux & de Duve (1956) with certain 
modifications. For total enzyme activity, incubation 
at 37°C for 40 min was used. Treatment of lysosomes 
after the incubation was carried out at a final concen­
tration of 01% in Triton X-100 in a total volume 
of 2 ml at room temperature for 30 min. After the 
treatment, the lysosomal suspensions were centrifuged 
for 20 min at 27,000 g and the supernatants were 
assayed for lysosomal-enzyme activity. ¿¡-Glycero­
phosphate from Sigma Chemical Company served as 
a substrate for acid phosphatase. The enzyme was 
studied in 0-25 M-sucrose buffered with 0-05 M-acetate 
buffer (pH 5-0). In order to account for the small and 
variable amounts of products of enzyme activity 
present in the lysosomal suspensions prior to incuba­
tion. aliquots of the suspensions were tested without 
substrate. These ‘blank' values were subtracted from 
the values obtained for enzyme activity with substrate 
to yield a more accurate measure of lysosomal 
enzyme activity. The supernatants obtained after the 
600-g centrifugation were assayed for lactate dehydro­
genase. malate dehydrogenase, glucose-6 -phosphate- 
dehydrogenase and x-glycerophosphate dehydrogen­
ase according to Hess (1963). Proteins were measured 
by the method of Hartree (1972). All data were ana­
lysed statistically by Student’s t test, the level of sig­
nificance selected being P < 0 05.

In vitro study. Homogenates of livers from five ani­
mals were used in this experiment. Up to the 600-g 
centrifugation, the procedure for liver fractionation 
was the same as that used in the in vivo experiment. 
Afterwards, the 600-g supernatant was centrifuged 
stepwise at 3500 g. 8000 g and 27.000 g. rather than 
immediately at 27,000 g as in the in vivo experiment.

The sedimer.t from each centrifugation was suspended 
in 0-25 M-sucrose-0 025 M-tris-acetate (pH 7-4) to pro­
vide a lysosome-rich fraction, and 1-ml aliquots of 
these suspensions, containing lysosome-rich fraction 
prepared from 1 g liver, were diluted in 4 ml buffered 
sucrose. These suspensions were incubated at 37°C 
for 40 min with amaranth ( 1 -25. 2-5, 5 or 7 5 mg/5 
ml of incubation medium), with Ponceau 4R (3-75.
7-5, 15 or 22-5 mg/5 ml), with vitamin A (1, 2, 3 or 
4 mg/5 ml) or with amaranth or Ponceau 4R com­
bined with vitamin A in these dose ranges. After incu­
bation the suspensions were centrifuged at 4°C for 
20 min at 27,000 g. Free acid-phosphatase activity was 
determined :n the supernatant by the method of de 
Duve. Pressman, Gianetto. Wattiaux & Appelmans
(1955), but because the red colour of amaranth and 
Ponceau 4R disturbed the spectrophotometric analy­
sis based on the blue colour of phosphomolybdic 
acid, the supernatant was shaken with an isobutanol- 
benzene mixture (1  : 1) three times to separate the 
analytically reduced phosphomolybdic acid from 
amaranth or Ponceau 4R.

RESULTS

In vivo experiment
The effect of treatment with amaranth and/or vita­

min A on the body weight of the rats over the 9-day 
treatment period is shown in Table 1. The body- 
weight increase was lower in the amaranth-vitamin 
A and vitamin A groups than in the control and the 
amaranth-treated groups. This effect of vitamin A on 
the body weight is in agreement with the observations 
of Misra (1968).

The relation of free enzyme activity to total activity 
in the lysosome-rich fractions clearly reflects the effect 
of treatment on the animals (Table 2). The acid-phos- 
phatase activity was somewhat lower in the lysosome- 
rich fractions from rats treated with amaranth than 
in those from the control animals, and a more marked 
decrease in acid phosphatase was evident in the 
1 0 0 ,0 0 0 -g supernatant from amaranth-treated rats. 
However, acid-phosphatase activity was much higher 
in the lysosome-rich fractions prepared from the livers 
of animals treated with vitamin A than in those of 
the control group. This increase in acid-phosphatase

T a b le  1. M ean changes in the body weights o f  ra ts given b \ garage  
and/or 20 mg vitam in A d a ily  fo r  1-9  days

]4'3 mg amaranth

C h a n g e  in b o d y  w eight (g /kg  bod y  w eight/'day)
in  g ro u p s  g iven

C o n tro l A m a ra n th  an d
D ay g ro u p A m a ra n th v itam in  A V itam in  A

2 34 +  10 31 +  3 13 +  12 3 + 1 0
3 34 +  7 38 ±  7 5 + 1 9 - 6  +  23
4 42 +  5 45 +  10 3 +  21 - 9  +  19
5 28 +  6 42 +  14 - 3  +  25 - 5  +  29
6 29 ±  3 38 +  5 2 + 1 9 - 1  +  18
7 34 +  4 34 +  4 1 +  27 - 2  +  2 2
8 38 ±  5 37 ±  8 - 1 + 2 4 - 1 + 2 4
9 36 +  9 31 +  11 3 +  26 1 +  21

V alues a re  m ean  ch an g es  +  S D  fo r g ro u p s  o f  five ra ts.
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T a b le  2. T h e  e f fe c t o n  ly so s o m a l a c id  p h o s p h a ta s e  o f  d a i ly  a d m in is tra t io n  o f  14-3 m g  a m a ra n th  a n d /o r  20 m g  v ita m in
A  to  r a ts  b y  g a v a g e  f o r  9  d a y s

Acid-phosphatase activity (/¿mol P0 4 released x 1 0  2/mg protein/min)

In 27,000-g pellet

Treatment group Free Total
Free/total

(%)
1 0 0 ,0 0 0 -g

supernatant

Control
Amaranth
Amaranth and vitamin A 
Vitamin A

1-73 + 0-21 
1-53 ± 0-27
6- 64 ± 1-52“
7- 89 ±0-51“

32- 12 + 3-93
33- 16 ± 4-39 
20-29 ± 3-68 
22-54 ± 4-01

5-44 ± 0-75 
4-61 + 0-39 

32-94 ± 5-69“ 
36-00 + 8-35“

1-76 + 0-15
0- 97 ± 0-24“
1- 80 ± Ml
2- 37 ± 0-83

Values are mean ± SD for groups of five 
Student’s t test) from the control value.

rats and those carrying a soiperscript (a) differ significantly (P < 0-05 by

Table 3. Enzyme activities of the liver homogenate from rats given daily 14-3 mg amaranth and/or 20 mg vitamin A
by gavage for 9 days

Enzyme activity (¿tmol NADPH or NADH >: 10~2/mg protein/min)

Treatment group G-6 -PD «-GPD LDH MDH

Control
Amaranth
Amaranth and vitamin A 
Vitamin A

1-35 + 006 
1-36 ± 0 08 

. 1-01 + 0-03abc 
1-42 + 0-01

8- 39 ± 0-43 
10-19 ± 0-58
7-83 + 0-19b
9- 52 + 0-87

99-02 + 7-71 
90-63 ± 7-57 
97-03 ± 4-87 

108-81 ± 5-97

29- 38 + 3-39 
31-14 ± 2-42
30- 01 + 0-91“ 
37-40 + 2-18

G-6 -PD = Glucose-6 -phosphate dehydrogenase x-GPD = Glycerolphosphate dehydrogenase 
LDH = Lactate dehydrogenase MDH = Malate dehydrogenase 

Values are means ± SD for groups of five rats and those carrying superscripts differ significantly (P < 0 05 by Student’s 
f test) from the control value (“) or from the value for the amaranth group (b) or the vitamin A group (c).

Table 4. The in vitro effect of various concentrations of amaranth. Ponceau 4R and/or 
vitamin A on the acid phosphatase of rat-liver fractions

Added
compound(s)

Concn 
(mg/5 ml 

incubation 
medium)

Acid phosphatase activity (% of control value) in 
lysosome-rich liver fraction after centrifugation at

3500 g 8000 g 27,000 g

Vitamin A* 1 -0 1 1 0 158 1 1 0

2 - 0 115 385 133
3-0 123 410 136
4-0 148 440 247

Amaranth 1-25 39 62 50
2-5 29 53 40
5-0 14 42 25
7-5 1 2 42 27

Vitamin A and 3/5 50 310 55
amaranth 3/2-5 44 350 50

2/5 51 290 53
Ponceau 4R 3-75 60 63 30

7-5 67 60 33
15-0 57 56 18
22-5 51 52 15

Vitamin A and 3/15 54 77 43
Ponceau 4R 3/7-5 44 71 27

2/15 55 71 27

’Used in the form of retinol dissolved in alcohol (100 mg/ml).
Each value is the mean of the results of three incubations earned out in each case 

in a total volume of 5 ml at 37°C for 40 min. All differences exceeding 15% (the 
margin of experimental error) were regarded as significant.
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activity caused by vitamin A was also described by 
Weissmann & Thomas (1963) and was slightly, but 
not significantly, inhibited by amaranth.

Table 3 shows the enzyme activities of the liver 
homogenates after the 600-g centrifugation. Amaranth 
increased the x-glycerolphosphate-dehydrogenase and 
malate-dehydrogenase activities and decreased lactate- 
dehydrogenase activity, but the differences from the 
control values were not significant. Enzyme activities 
in the group treated with amaranth in combination 
with vitamin A were markedly lower than those in 
the vitamin A group; for :he glucose-6 -phosphate- 
dehydrogenase and malate-dehydrogenase activities, 
the difference was significant. There was a signifi­
cantly greater decrease in the activities of glucose-6 - 
phosphate dehydrogenase and a-glycerolphosphate 
dehydrogenase in animals treated with amaranth in 
combination with vitamin A. than in those treated 
with amaranth alone. Only in the case of glucose-6 - 
phosphate dehydrogenase was there a significant de­
crease in activity in the amaranth -vitamin A group 
compared with the control group.

In vitro experiment
Table 4 presents data relating to the effect of added 

amaranth. Ponceau 4R and vitamin A and combina­
tions of vitamin A with amaranth or Ponceau 4R 
on the acid phosphatase of lysosome-rich suspensions. 
As shown in Table 4, amaranth and Ponceau 4R de­
creased acid-phosphatase activity. Similar results were 
obtained in the case of amaranth or Ponceau 4R in 
combination with vitamin A. the enzyme activity 
being lower than that with vitamin A treatment alone. 
Vitamin A increased the acid phosphatase activity up 
to four times. Table 4 shows that the different lysoso­
mal fractions responded differently to the test sub­
stances. a finding that may be due to the different 
phagosome characterization of the lysosomes or to 
the fact that the different lysosome fractions were de­
rived from different types of liver cell (Davies, 1973).

DISCUSSION

Drugs may modify the lysosomal state by affecting 
the permeability of the lysosomal membrane, by ac­
cumulating in the lysosome and causing a direct inhi­
bition of acid hydrolases or by changing the ability 
of the lysosomal membrane to fuse with other cell 
membranes. Analysis of our study suggests that amar­
anth may act on lysosomal membranes, because the 
acid-phosphatase activity decreased significantly in 
the cytosol in vivo.

It is known that the effects of drugs on lysosomes 
can vary in in vitro and in vivo systems, not only 
because of the different effect of the drug metabolites 
but also because, in whole cells, drugs may affect 
other subcellular components besides lysosomes. 
However, the much more pronounced effect of amar­
anth on lysosomes in vitro compared with its effect 
in vivo can be explained by the fact that about 85% 
of ingested amaranth can be reduced by the gut mic­
roflora (Ryan. Roxon & Sivayavirojana. 1968). 
According to Gales. Preda. Popa. Sendrea & Simu
(1972) the vitamin A content of the liver decreases 
after administration of amaranth to rats. In our ex­
periment. however, the release of acid phosphatase

observed in m vivo systems was almost the same for 
animals treated with amaranth-vitamin A and for 
those given vitamin A alone.

Glucose-6 -phosphate dehydrogenase is involved in 
the pentose shunt of the cell. The fact that the activity 
of hepatic glucose-6 -phosphate dehydrogenase was 
significantly ower in rats treated with amaranth and 
vitamin A tnan in the controls or in the groups 
treated separately with either amaranth or vitamin 
A was probably the result of the reduction of the 
nucleotide synthesis in the amaranth-vitamin A 
group.

An increase in the activity of x-glycerolphosphate 
and malate dehydrogenases is the first sign of cell 
poisoning (Rachterich, 1968). In mild cellular damage, 
lactate-dehydrogenase activity increases only rarely 
(Schmidt& Schmidt, 1963). Some increase in x-glycerol- 
phosphate dehydrogenase, lactate dehydrogenase and 
malate dehydrogenase in the vitamin A-treated group 
can be explained by the fact that a high concentration 
of vitamin A is poisonous for liver cells. However, 
it seems that amaranth can change the effect of vita­
min A on the cell enzyme activities.

From our observations in vitro it seems that both 
primary lysosomes and phagosomes are influenced by 
amaranth. This is the reason why centrifugation up 
to 27.000 g was carried out in both the in vivo and 
in vitro experiments in the present work.

Acknowledgements—The author wishes to thank Mrs. Ker- 
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Abstract—Female Wistar rats received 5% sodium cyclamate or 0-4% sodium saccharin in their food 
for 20 days after mating. The ingested dose of sweetener amounted on average to 1495 mg sodium 
cyclamate or 98 8  mg sodium saccharin per animal per day. The foetuses delivered by caesarian section 
on day 2 0  of pregnancy and the young killed 3 wk after parturition shewed no treatment-related 
anomalies. In particular, there were no histological changes in the lens, the vitreous body, the insertion 
of the optic nerve or other parts of the eye.

INTRODUCTION

The major investigations of the embryotoxic poten­
tial of sweetening agents (Abbott Laboratories. 1973; 
Food and Drug Research Laboratories. Inc.. 1972; 
Fritz & Fless, 1968; K. Kaziwara and H. Mizutani. 
unpublished report 1970, cited by Abbott Labora­
tories, 1973; Lessel, 1970; B. L. Oser, E. E. Vogin.
G. E. Cox, S. Carson and S. S. Sternberg, unpublished 
report 1969; Tanaka, Kawashima, Nakaura. Nagao. 
Kuwamura & Omori 1973; Tuchmann-Duplessis & 
Mercier-Parot. 1970) and the numerous reproduction 
studies (see Abbott Laboratories, 1973) provide no 
indication of eye damage caused by sodium cyclamate 
or sodium saccharin. In contrast to these findings. 
Lederer, Collin, Pottier-Arnould & Gondry (1971) 
and Lederer & Pottier-Arnould (1970 & 1973) 
reported ocular anomalies in offspring after feeding 
sodium cyclamate or sodium saccharin to pregnant 
Wistar rats. Recently, Lederer (1977) reported that the 
anomalies found after saccharin feeding must be due 
to impurities in the sweetener following its synthesis 
by the Remsen and Fahlberg method. These conflict­
ing reports led us to undertake the studies described 
below.

EXPERIMENTAL

Groups of 26-28 female Wistar rats (obtained from 
Mus Rattus Corp., Brunnthal, Munich, and weighing 
182-229 g) were mated with 3- to 5-month-old males. 
The females were assumed to be pregnant when sper­
matozoa were found in a vaginal smear. The pregnant 
rats were kept at an ambient temperature of 20-23=C 
in an atmosphere of 60% mean relative humidity, with 
a 12-hr electric light/dark cycle. They were given 
Altromin-R powdered feed (supplied by Altromin 
Ltd.. Lage/Lippe) and tap-water ad lib. From mating 
until day 2 0  of pregnancy, they were treated with feed 
containing 5% sodium cyclamate or 0-4% sodium sac­
charin. complying in each case with the standards of

purity established in Germany for the marketed 
product. The average amount of test substance in­
gested daily was 1495 mg sodium cyclamate or 
98-8 mg sodium saccharin per rat. The difference in 
mean daily intakes for the diets containing cyclamate 
(29-9 g) and saccharin (24-7 g) may have been due to 
the 5% non-calorific component in the former diet 
or to differences in palatability. The mean daily intake 
of a control group of similar size was 24-4 g.

One half of the dams in each of the three groups 
were delivered by caesarian section on day 2 0  of preg­
nancy. The other animals were left to deliver their 
young spontaneously and rear them for 3 wk.

For all the dams, appearance, behaviour, deaths, 
body weight and food consumption were recorded. 
Following surgical delivery, the numbers of implan­
tations. foetuses and rcsorbed embryos were calcu­
lated. foetuses were inspected for external malforma­
tions. and litter weights, mean foetal weights/litter. 
numbers of runts (foetuses <3g)and  mean placental 
weights were recorded. Data recorded for the rest of 
the dams in each group included the duration of preg­
nancy. course of pa'turition. behaviour during lac­
tation. numbers of implantation sites demonstrated 
at the end of the experiment by the staining method 
of Salewski (1964). and pathological changes. For the 
offspring of these dams, records were kept of weights 
and sex ratios at birth and after 1. 2 and 3 wk. and 
of deaths and behaviour, time of eye-opening, forma­
tion of fur. ability to run normally, macroscopic 
changes in the eye and direct pupillary reflexes in 
response to a flash-light in a darkened room.

For the histological examination of the eyes, the 
foetuses and young animals were killed with CO,, 
and the heads were fixed in Bouin’s fluid. For better 
penetration of the fixation fluid into the area to be 
examined, the nose, ower jaw and back of the head 
were removed, the décalcification of bone necessary 
in the 3-wk-old animals was achieved using sodium 
ethylenediaminetetraacetate at 38 C. The subjects for
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examination were embedded, via methylbenzoate, in 
Paraplast, so that the microtomy yielded fronto- 
parallel sections in a cranio-caudal series (Fig. 1). The 
ocular region, from foetuses and young from each 
dam, was cut in series or stages, regularly includ­
ing both lenses and the insertion of the optic nerves. 
The sections were about 3-5 fxm thick and were alter­
nately stained with haemalum-eosin and Masson’s 
trichrome.

RESULTS

The general studies provided no indication of any 
primary embryotoxic effect of the treatment and the 
histological examination showed that treatment with 
the sweetening agents caused no ocular damage. The 
development of the eyes had followed a normal 
course in all the foetuses and young animals studied. 
No case of anophthalmia or microphthalmia 
occurred. The retina showed no unusual folding, the 
ocular lenses were of normal structure and there were 
no group-specific differences between rats treated with 
sodium cyclamate or sodium saccharin and the con­
trol group. In particular, no lytic, necrotizing or 
vacuolating processes of the ocular lenses were 
present. The fibres of the lenses showed no increase 
in circumference or disorientation. The epithelial cells 
of the lenses had reached their regular position and 
showed normal mitotic activity. The vitreous body 
and the implantation of the optic nerves were normal. 
Figures 2 and 3 show the histological findings in eyes 
of each of the three groups of animals.

DISCUSSION

Our findings confirmed the conclusions of the 
many investigations noted earlier (p. 7) showing that 
the administration of sodium cyclamate or sodium 
saccharin to pregnant rats is tolerated without 
embryotoxic effect. Although each dam had ingested 
considerable amounts of sweetener (on average 
1495 mg sodium cyclamate or 98 8  mg sodium sac­
charin daily), the offspring showed no anomalies, in 
particular of the eyes, on day 20 of gestation or 3 wk 
after birth.

The eye changes described by Lederer et al. (1971) 
and Lederer & Pottier-Arnould (1970 & 1973) could 
possibly have been spontaneous anomalies, since 
these are not uncommon in the Wistar strain of rat 
and the authors reported an incidence of 12-4% in 
their controls. Misinterpretation of histological arte­
facts is another possible source of apparent eye alter­

ations. With our methods, no notable artefacts were 
produced in the foetuses (Figs 1 & 2). In the 3-wk-old 
young, however, the physiological increase in the con­
sistency of the lenses led to occasional splintering, 
to an equal degree in the control and test groups. 
These cutting artefacts did not hamper the studies, 
however, since extensive series of sections were avail­
able and plenty of intact regions could be evaluated 
(Fig. 3).

Our additional studies of postnatal eye function, 
which Lederer and his co-workers did not examine, 
also provided no indication of eye damage resulting 
from the treatment with sweeteners.
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Fig. 1. Transverse section through the head of a 20-day-old rat foetus of the control group, giving 
a general view of both eyes at the level of insertion of the optic nerves (37th section in a series 
of 120). Direct projection of a histological section approx. 5 /an thick onto photographic paper. Haema- 
lum-eosin x 1 2  (approx).



Fig. 2. Normal ocular condition in 20-day-old rat foetuses of (a) the control group, (b) the sodium cyclamate group and (c) the sodium saccharin 
group. In (a) and (c), remnants of the hyaloid artery are still visible in the vitreous body and at the caudal pole of the lens. The lid sutures are 
shown at the top and the insertion of the optic fascicle is shown at the bottom of the plates. Haemalum-eosin x 40 approx.
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Fig. 3. Normal ocular condition in 3-week-old rats of (a) the control g~oup. (b) the sodium cyclamate 
group and (c) the sodium saccharin group. Partial view comprising the lens with parts of the cornea, 
choroid and retina. Haemalum-eosin x 40 approx.
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Abstract—An analytical method developed for determining methylnitrosocyanamide (MNC) and methyl- 
nitrosourea (MNU) in aqueous solution and involving extraction with methylene chloride after adjust­
ment of the pH of the solution to 5, separation of the compounds by column chromatography on 
silica gel, and measurement of their absorbance at 385 nm for MNC and 394 nm for MNU, was 
used to study the rates of formation of MNC from methylguanidine and nitrite. Initial rates of formation 
of MNC were proportional to the concentration of methylguanidine and to the square of the concen­
tration of nitrite at pH 1-2 and 2-3. Rate constants of the reaction at these pH values were 1 -97 
and 015 L2 /mol2 hr. respectively.

INTRODUCTION

Formation of methylnitrosocyanamide (MNC) by 
nitrosation of methylguanidine (MG) under acidic 
conditions was first reported by Mirvish (1971). This 
reaction attracted our attention for several reasons. 
The first was the structural similarity between MG 
and jV-methyl-N-nitrosoguanidine, which was shown 
by McKay & Wright (1947) to be easily convertible 
by nitrosation under acidic conditions to N-methyl- 
N'-nitro-N-nitrosoguanidine (MNNG), a well-known 
mutagen (Adelberg, Mandell & Ching Chen, 1965; 
Mandell & Greenberg, 1960) and gastric carcinogen 
(Sugimura & Fujimura, 1967; Sugimura, Fujimura & 
Baba, 1970; Sugimura, Fujimura, Kogure, Baba, 
Saito, Nagao, Hosoi, Simosato & Yokoshima, 1969). 
The second was the fact that of the various naturally 
occurring guanidine derivatives so far tested, MG was 
the only one showing mutagenicity after nitrosation 
in gastric juice (Endo & Takahashi, 1973a). The third 
was that MNC, which was identified as the mutagenic 
principle of nitrosated MG, is similar to MNNG in 
its mutagenic quality but its mutagenic potency is 
about ten times higher (Endo & Takahashi, 1973b). 
The fourth was the strong carcinogenicity of MNC 
to the forestomach and oesophagus of rats (Endo, 
Takahashi, Kinoshita & Baba, 1974). The fifth was 
the experimental finding that MG was formed from 
creatine or creatinine by heating with copper ion 
(Endo, Ishizawa, Endo, Takahashi, Utsunomiya, 
Kinoshita & Baba, 1977). All these results led us to 
study the nitrosation of MG in more detail.

In this paper we report on the stability of MNC, 
the nitrosation product of MG, and on the kinetics 
of MNC formation from MG. In the nitrosation of 
MG, methylnitrosourea (MNU) coexists with MNC

in the reaction mixture. The stability and formation 
of MNU and the separation of MNC and MNU are 
also described.

EXPERIMENTAL

Chemicals. Oxalate, phthalate, phosphate and bor­
ate buffer solutions were purchased from Katayama 
Chemical Industries Co., Osaka. Buffers based on 
Na2 H P 04-citric acid and KCI-HC1 were prepared 
according to a manual (Chitani & Kondo. 1958). MG 
hydrochloride (from Tokyo Chemical Industry Co., 
Tokyo) was dried to constant weight over silica gel 
before use. MNC was synthesized according to the 
method Mirvish, Nagel & Sams (1973) and further 
purified by fractional distillation. MNU was kindly 
supplied by Dr. M. Nakadate, National Institute of 
Hygienic Sciences, Tokyo. Silica gel for column 
chromatography was Wakogel S-l (Wako Pure 
Chemical Co.. Osaka), which was activated at 130 C 
for 3 hr and then deactivated by adding water (5°„ 
w/w). The other reagents and solvents used were of 
special reagent grade.

Apparatus. Ultraviolet absorption spectra were 
obtained with a UV-200S spectrophotometer (Shi- 
madzu Seisakusho Ltd., Kyoto). Mass spectra of gas- 
chromatographic peaks (GC-MS analysis) were 
obtained with a combined JGC-20K gas chromato­
graph and JMS-D100 mass spectrometer (Japan Elec­
tron Optics Laboratory Co., Tokyo). Measurements 
of pH were made on a F-5 pH meter equipped with 
a 6028-10T combination electrode (Horiba Seisa­
kusho Ltd., Kyoto). Incubations were carried out in 
a M-102 incubator (Toyo Kagaku Sangyo Ltd.. 
Osaka).
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Stability of MNC and MNU in aqueous solution 
in relation to pH. Authentic MNC or MNU dissolved 
in methanol, was added in volumes of 2  ml to 1 0 0  

ml of buffer solutions ranging in pH from 1-7 to 91. 
and the solutions were incubated at 37'C At intervals 
between 2 min and 24 hr. 5-ml samples were with­
drawn from each buffer solution for ultraviolet 
absorption measurements. Absorbance at 385 nm for 
MNC or at 390 nm for MNU was compared with 
that of the original solution.

Stability of MNC and MNU in solvents. Authentic 
MNC or MNU was dissolved in methylene chloride, 
methanol or ethyl ether in concentrations of approxi­
mately 5 m M . and the solutions were kept at 5' C in 
a refrigerator. After 1. 5 and 24 hr, a sample was 
withdrawn from each solution and subjected to ultra­
violet absorption measurement, the absorbances at 
385 or 390 nm being compared with those of the ori­
ginal solutions.

GC-MS analysis of the reaction products from MG 
and nitrite. A solution containing MG (50 m M ) and 
N aN 0 2 (80 m M ) in 50 ml KC1-HC1 buffer at pH
1-2 was kept at 37;C for 1 hr and then extracted 
with ethyl ether (5 x 10 ml) after adjustment of the 
pH to 5 by addition of 10°o Na2 C 0 3. The extracts 
were concentrated to a small volume and subjected 
to GC-MS analysis, under the following conditions: 
glass column (2 mm x 2 m) packed with 10% OV-17 
on Chromosorb W AW DMCS (60-80 mesh); helium 
(30 mi/min) as carrier gas; temperatures of inlet, 
column and enricher, 90. 60 and 90 C, respectively: 
ionizing current, 300 pA; ionizing energy. 25 eV.

Formation of MNC and MNU from MG and nitrite. 
Various concentrations of MG (30-70 m M ) and 
NaNOi (40-110 m M ) were prepared in KC1-HC1 
buffer solution (50 ml) at pH 12 or 2-3 and incubated 
at 37;C for 15 min^f hr. After a known reaction time. 
10% Na2 C 0 3 was used to adjust the pH of the buffer 
solution to 5 and the solution was then extracted with 
methylene chloride ( 5 x 1 5  ml). The extracts were de­
hydrated by passing through a bed of anhydrous

Na2 S 0 4 and concentrated to 5-10 ml in a pear- 
shaped flask fitted with a Snyder distilling column. 
During the concentration procedure, the temperature 
of the water-bath was kept below 60'C. The concen­
trated methylene chloride was placed on a column 
of silica gel (3 g). which was eluted with 20 ml methy­
lene chloride, yielding four fractions each of 4 ml, 
and then v/ith 20 ml methanol. MNC was eluted in 
two or three of the methylene chloride fractions, while 
MNU was in the methanol fraction.

Quantitative analysis of MNC and MNU. Ultra­
violet absorption spectra of all the fractions were 
taken in the 350-420 nm range. Concentrations of 
MNC in the methylene chloride fractions were esti­
mated from a calibration curve showing the relation­
ship between absorbance at 385 nm and the concen­
tration of authentic MNC in methylene chloride. 
When ultraviolet absorption spectra of the methanol 
fraction and authentic MNU in methanol were com­
pared, absorbance of the former was relatively higher 
than that of the latter only in the shorter wave-length 
region. The base-line method was therefore adopted 
for the estimation of MNU. For this purpose the cali­
bration curve was depicted in accordance with the 
relationship between the absorbance obtained from 
the equation: A = A3 9 4  -  (A3 8 5  + A4 0 3 )/2, where A; 
was absorbance at the wave length of /  nm, and the 
concentration of authentic MNU in methanol. The 
calibration curves showed straight lines in the range 
of concentrations from 10 to 100 gg/m] for MNC 
and from 23 to 200 /tg/ml for MNU.

RESULTS

Stability of MNC and MNU in aqueous and organic 
solutions

Relative ultraviolet absorbances of MNC or MNU 
in various buffer solutions are listed in Table 1. Simi­
larly, Table 2 lists relative absorbances of MNC or 
MNU in organic solvents. Absorbance at 385 nm 
(MNC) decreased with time when the compound was

Table 1. Stability of MNC ami MNU in different buffer solutions at 37 C

Relative absorbance* at

Compound PH Time (min)... 2 5 1 0 30 60 1 2 0 180 24 x 60

MNC 1-7 72 57 40 31 ___ _ _ _
40 1 0 0 99 97 91 84 70 59 —

50 99 99 98 94 89 78 6 8 __
60 99 99 99 93 87 75 6 6 —

6 -8 1 0 0 1 0 0 99 95 8 8 76 65 —

9-1 97 92 80 57 — — — —

MNU 1-7 1 0 0 99 1 0 0 98 96 93 90 55
4-0 1 0 0 1 0 0 1 0 0 99 99 99 99 61
50 1 0 0 1 0 0 99 98 96 94 89 44
60 97 96 92 89 6 8 47 32 0
6 -8 97 93 92 64 45 31 2 1 2
91 0 0 0

MNC = Methylnitrosocyanamide MNU = Methylnitrosourea 
When the absorption spectrum of the solution was completely changed from that of the original 

solution, it is shown as —.
♦Absorbance at 385 nm for MNC and at 390 nm for MNU expressed in terms of the initial (0 min) 

absorbance, designated 1 0 0 .



F o r m a t io n  o f  m e th y ln i t r o s o c y a n a m id e 15

Table 2. Stability of MNC and MNU in organic solvents at 5 C

Relative absorbance'* at

Compound Solvent Time (hr)__ 1 5 24

MNC Ethyl ether 1 0 0 98 94
Methylene chloride 1 0 0 99 94
Methanol 99 99 92

MNU Ethyl ether 90 90 85
Methylene chloride 93 92 85
Methanol 1 0 0 98 93

MNC = Methylnitrosocyanamide MNU = Methylnitrosourea 
‘Absorbance at 385 nm for MNC and at 393 nm for MNU in ethyl ether or methanol 

or at 392 nm in methylene chloride expressed in terms of the initial (0 min) absor­
bance. designated 1 0 0 .

dissolved in aqueous solution, especially at pH 1-7 
and 9T. At these two pH values the absorption spec­
trum of the solution after 1 hr was completely differ­
ent from that of the original solution. This was also 
the case with all the MNC solutions at 24 hr, when 
the spectra were very similar to that of MNU in 
aqueous solution, suggesting conversion of the MNC 
in these solutions to MNU. Most of the MNC incu­
bated at pH 40-6-8 stayed unchanged for 30 min. 
MNU was relatively stable when dissolved in aqueous 
solutions of pH 1 -7—5-0, but decomposed very quickly 
at pH 91. Both MNC and MNU in aqueous solution 
were most stable at pH 5. Therefore, this pH value 
was used to stop the reaction leading to MNC and 
MNU formation.

MNC and MNU in ethyl ether, methylene chloride 
or methanol showed a relatively high degree of stabi­
lity for up to 24 hr, but they gradually decomposed 
with time. Quantitative determination of MNC and 
MNU in these solvents must be completed within a 
few hours.

GC-MS analysis of the reaction products of MG and 
nitrite

A total-ion-monitor gas chromatogram of the ethyl 
ether extract of the M G -N aN 0 2 reaction product 
showed only two major peaks, the retention times

of which were identical with those of authentic MNC 
and MNU (3-2 and 28 0 min, respectively). The mass 
spectra of these gas-chromatographic peaks were also 
identical with those of MNC and MNU (Figs 1 & 
2). These facts indicated that MNC and MNU were 
the only major compounds produced from the mix­
ture of MG and N aN 0 2 in acidic solution and 
extracted with ethyl ether. Separation of the two 
products as described in the section on analytical pro­
cedure, must be effected before they can be estimated 
quantitatively by ultraviolet spectrophotometry.

Formation of MNC and MNU from MG and nitrite
Recovery rates for 775 pg MNC and 1030 pg MNU 

dissolved in 50 ml buffer at pH 5 0 were determined 
by carrying out the analytical procedures, described 
in the previous sect.on, in triplicate. The recoveries 
were on average 8 6 % for MNC and 62% for MNU. 
Values for MNC and MNU reported in this paper 
were calculated using these recovery factors.

Figure 3 demonstrates the time course of formation 
of MNC and MNU from a mixture of 50 mM MG 
and 60 mM N aN 0 2 incubated at 37'C in KC1-HC1 
buffer solution at pH 1-2. The concentration of MNC 
increased in proportion to time during the first 30 
min of the incubation period, and subsequently in­
creased less rapidly, reaching a maximum at 1-25-

Fig. 1. Mass spectra of gas-chromatographic peak of (a) MNC produced by the reaction of MG 
and NaN02 and (b) authentic MNC.

viojciijfi rmnmnfnrffH
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Fig. 2. Mass spectra of gas-chromatographic peak of (a) MNU produced by the reaction of MG 
and NaNOi and (b) authentic MNU.

1- 5 hr equivalent to a rate of formation from MG 
of 0-46° Thereafter it gradually decreased. The for­
mation of MNU increased roughly in proportion to 
the incubation time, the yield at 3 hr being 20°o, 
calculated on the MG.

The time course of formation of MNC and MNU 
from MG (50 mM) and N aN 0 2 (100 mM) at pH 2-3 
is shown in Fig. 4. The concentration of MNC in­
creased with the time of incubation from 2 0  min to 
2  hr and thereafter remained constant at a level equiv­
alent to a rate of formation of 0-42°o calculated on 
the MG. The formation of MNC was slower at pH
2- 5 than at pH 1-2, although in the former experiment 
the initial concentration of N aN 0 2 was higher than 
in the latter. The concentration of MNU increased 
almost linearly from 20 min to 3 hr, the formation 
of MNU at 3 hr being 0-98°0 calculated on the MG 
concentration.

An incubation time of 30 min was considered most 
appropriate for the examination of the initial forma­
tion of MNC, because formation was proportional 
to the incubation time for 30 min or more at pH 
1-2 and 2-3. The initial rate of MNC formation at 
PH T2 was proportional to the concentration of MG 
when the concentration of N aN 0 2 was constant at 
60 mM and was proportional to the square of the

Fig. 3. Time course of formation of MNC (G) and MNU 
(•) from a mixture of 50 m,w-MG and 60 mM-NaN02 

incubated in buffer solution at pH 1-2 and 3? C.

NaNOz concentration when the concentration of MG 
was constant at 50 mM (Table 3). The relationship 
between the initial rate of MNC formation at pH 
T2 and 2-3 and the initial concentrations of MG and 
N aN 0 2 was third order with respect to the MG con­
centration and the square of the N aN 0 2 concen­
tration, as shown in Table 3 and Fig. 5. Rate con­
stants of the reaction obtained from Fig. 5 were T97 
L2/mol2 hr at pH T2 and 0T5 L2 /mol2 hr at pH
2-3. Formation of MNC was much faster at pH 1-2 
than at pH 2-3, and at both pH 1-2 and 2-3 it was 
more dependent on the initial concentration of 
N aN 0 2 than on that of MG.

The relationship between the initial rate of MNU 
formation at 30 min and the initial concentrations 
of MG and N aN 0 2 did not show any simple relation 
like that deduced for the formation of MNC.

DISCUSSION

M. Ishizawa, T. Utsunomiya. N. Kinoshita & H. 
Endo (unpublished data 1977) determined the time 
of formation of MNC from MG and NaNOz in simu­
lated gastric juice (pH T2) by testing for mutagenic 
activity in Salmonella typhimurlum. The mutagenic ac­
tivity, attributed to the MNC formed, increased with 
incubation time at the beginning, reached a peak at
40-60 min, indicating approximately 0-5°„ conversion

Fig. 4. Time course of formation of MNC (o) and MNU 
(•) from a mixture of 50 mM-MG and 100 mM-NaN02 

in buffer solution at pH 2-3 and 37!C.
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PH

Initial concn of
Initial rate 

of MNC formation 
(mM/hr)

MG
(mM)

NaN02

(mM)
MG. (NaN02 ) 2 

(mM3 x 10“)

L2 30 60 1 0  8 0-209
50 40 80 0-174
50 60 180 0-331
50 80 320 0-621
70 60 25-2 0-501

2-3 50 80 320 0-038
50 1 0 0 500 0-086
50 1 1 0 60-5 0-092

MNC = Methylnitrosocyanamide MG = Methylguanidine

of MG to MNC. and then decreased. This time course 
of formation and the yield of MNC was very similar 
to our results.

The initial rate of MNC formation from MG and 
nitrite at 30 min was proportional to the MG concen­
tration, to the square of the nitrite concentration, and 
to the hydrogen-ion concentration. This relationship 
cannot be explained by the kinetics of the two major 
nitrosation reactions, namely, nitrosation of second­
ary amine and nitrosation of amide (Mirvish, 1971). 
In the former reaction, the initial rate of formation 
of the nitroso compound is proportional to the amine 
concentration and to the square of the nitrite concen­
tration. while in the latter case the initial rate is pro­
portional to the concentrations of amide, nitrite and 
hydrogen ion. As the initial rate of MNC formation 
was proportional to the hydrogen ion concentration, 
the kinetics of this nitrosation probably followed the 
latter with a second molecule of nitrite being used 
simultaneously in the conversion of methylnitroso- 
guanidine to MNC. The mechanism of the conversion 
of MG to MNC could involve the relatively slow 
nitrosation of MG to methylnitrosoguanidine, forma­
tion of which is proportional to the concentrations 
of MG, nitrite and hydrogen ion, and the rapid reac­
tion of the methylnitrosoguanidine with nitrite to

Fig. 5. Relation between initial rate of MNC formation 
and initial concentrations of MG and NaN02 incubated 
at 37 C buffer solution of pH 1-2 (•) or 2-3 (O) for 30 
min.

form MNC via diazotization of the guanido group 
and decomposition of the diazonium salt.

The highest levels reported for MG in foods and 
nitrite in saliva are approximately 100 and 500 ppm. 
respectively (Fujinaka, Masuda & Kuratsune, 1976; 
Tannenbaum, Weisman & Fett, 1976). If both concen­
trations (about 1 and 1 0  mM, respectively) persist in 
the stomach after intake of these materials and the 
pH of the stomach contents is 1-2, the highest concen­
tration of MNC formed in the stomach after 1-25 hr 
may be calculated to be less than T97 x 10”7, or 
about 17 ng/ml. This very low concentration of MNC 
seems unlikely to cause cancer in the stomach, 
because the lowest concentration of MNC to induce 
mutagenic action in S. typhimurium was about 85 
ng/ml (Endo & Takahashi, 1973b). However, if local 
concentrations of MG and nitrite happened to be in­
creased more than tenfold, it is possible that MNC 
might be formed in sufficiently high concentration to 
cause cancer at those sites in the stomach.
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Abstract—The effect of pre-expose to hexachlorobenzene (HCB), toxaphene (TX) or DDT (100 ppm 
in the diet for 8 days in each case) on the excretory function of the bile was investigated using isolated 
perfused rat-liver preparations obtained from treated and control animals. Hepatic uptake, metabolism 
and biliary excretion of [ l4 C]imipramine (IMP) was examined in these studies. Biliary excretion of 
endogenously formed metabolites of IMP was enhanced by pre-exposure to HCB, by 18% after 2 hr 
of perfusion. Pre-exposure to DDT and TX resulted in a decrease in biliary excretion of endogenously 
formed metabolites of IMP. HCB-induced enhancement of biliary excretion was not associated with 
cither the bile flow or the rate at which IMP was metabolized. However. DDT and TX pretreatments 
elicited a decrease in the rate of IMP metabolism as well as in bile production, observations commensur­
ate with the decrease in biliary excretion. Biliary excretion of exogenously provided, readily excretable 
metabolites of IMP was decreased by pre-exposure to HCB as well as to DDT or TX. In the light 
of these observations an alternative mechanism for HCB-induced modification of biliary excretion 
has been proposed. This mechanism assumes the existence of a 'synthetic' and a 'post-synthetic’ pool 
of metabolites, the biliary removal of metabolites from each of these pools being subject to modification 
by HCB. An enhancement of the biliary excretion of IMP metabolites from the 'synthetic’ pool and 
impairment of removal from the 'post-synthetic' pool would be consistent with the above results.

INTRODUCTION

Several recent investigations have suggested inter­
action of pesticidal chemicals with hepatobiliary func­
tion (Mehendale, 1976a & 1977a.b; Reyes, Levi, Gat- 
maitan & Arias. 1971). Mirex and Kepone, two struc­
turally related chlorinated hydrocarbon pesticides, are 
known to impair the excretory function of the bile 
in experimental animals (Mehendale, 1976a & 
1977a.b). Pre-exposure to DDT or dieldrin increases 
hepatic uptake of sulphobromophthalein (BSP) 
(Reyes et al. 1971). and this effect is accompanied by 
a simultaneous increase in the liver-cytosol binding 
protein *Y’ now commonly referred to as ligandin. 
Although the precise mechanism of Kepone- and mir- 
ex-induced impairment of biliary excretory function 
is unknown, it was dissociated from bile flow or an 
altered rate of metabolism (Mehendale, 1977a,b).

Modification of hepatic drug-metabolizing enzymes 
by a number of chlorinated hydrocarbon pesticides 
is well documented (Conney. 1967). Hexachloroben­
zene (HCB; Mehendale. Fields & Matthews. 1975), 
DDT (Bunyan. Townsend & Taylor, 1972) and toxa­
phene (TX; Fitzhugh & Nelson, 1951) are chlorinated 
hydrocarbon pesticides of diverse chemical structure 
(Fig. 1) and are known to induce hepatic drug-meta­
bolizing enzyme activities. There is also evidence that 
some of these chlorinated hydrocarbon pesticides are 
excreted via the bile (Paschal, Roan & Morgan, 1974).

*A preliminary report of these investigations was presented 
at the Sixteenth Annual Meeting of the Society of Toxi­
cology. Toronto. Canada. 27-30 March 1977.

( o)  Cl

Fig. 1. Structures of la) hexachlorobenzene, (b) toxaphene 
and (c) DDT.

These observations suggest some potential for interac­
tion of these toxic chemicals with the hepatobiliary 
system, affecting biliary excretion of either endo­
genous or exogenous substances.

The immediate objective of these investigations was 
to determine whether chlorinated pesticides structur­
ally unrelated to Kepone and mirex were capable of 
modifying hepatobiliary function. HCB, DDT and TX 
were chosen for these investigations as models of 
structurally diverse chlorinated hydrocarbon pesti­
cides. and hepatic uptake, metabolism and biliary 
excretion of a commonly used antidepressant drug, 
imipramine (IMP), by isolated perfused rat-liver prep­
arations obtained from treated and control animals 
was used to test the effect of these toxic chemicals 
on the hepatobiliary system. Of additional interest 
was the mechanism(s) by which these chemicals 
modify hepatobiliary function.

F .C .T . 16 1- B
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EXPERIMENTAL
Animals. Male Sprague-Dawley rats (Charles River 

Breeding Laboratories, Wilmington, MA) were main­
tained in the central animal facilities away from any 
known contaminants. The bedding used for these ani­
mals was made from untreated corncobs. Animals 
were provided with water and a standard diet of Pur­
ina rat chow blocks ad lib. until used for an experi­
ment as a liver or blood donor, except when both 
treated and control animals received powdered diet. 
Animals from which blood was collected weighed 
250-300 g, whereas the animals used as liver donors 
weighed 200-250 g. During all surgical procedures, 
animals were maintained under ether anaesthesia.

Materials. HCB (97% purity. Aldrich Chemical Co., 
Milwaukee, WI) was recrvstallized repeatedly from 
cold benzene to obtain a purity above 99% as judged 
by gas-chromatographic analysis. TX (technical chlor­
inated camphene) was a gift from Hercules, Inc.. 
Wilmington DE., DDT (99% purity. p.p'-DDT) was 
obtained from City Chemical Corp., New York, and 
[ 1 4 C]IMP hydrochloride was purchased from Amer- 
sham/Searle Corp., Des Plaines, IL. Unlabelled IMP 
and BSP were obtained from Geigy Pharmaceuticals, 
Ardsley. NY and Sigma Chemical Co., St. Louis, MO. 
respectively. [ 3 H]Ouabain was obtained from New 
England Nuclear Corp.. Boston, MA. Emulphor-620 
used for introducing any insoluble compound into the 
perfusate was a gift from GAF Corp.. New York. The 
other chemicals and solvents used in these studies 
were of reagent or scintillation grade, as required.

Treatment. Rats were pretreated with TX, HCB or 
DDT at a level of 100 ppm in the daily ration for 
8  days. The desired amount of a compound was dis­
solved in acetone and this solution was mixed with 
the ground rat chow (50 ml solution/kg food). Control 
diet was prepared similarly but without any of the 
above compounds. The final diet was spread in a 
large pan in a ventilated hood for the acetone to 
evaporate. Two treated or control animals were main­
tained in each cage and allowed only to consume 
either a treated or the control diet and water ad lib. 
On day 9. control and treated animals were used as 
liver donors for isolated perfused rat-liver prep­
arations.

Perfusions. The liver perfusion apparatus, the 30% 
rat-blood perfusate, and surgical and perfusion tech­
niques have been described previously (Mehendale, 
1976b). The volume of recirculating perfusate (150 or 
115 ml) depended on whether or not perfusate 
samples were required for extraction of metabolites. 
After the initial equilibration period of 30 min. experi­
ments were commenced by adding a bolus amount 
of [ 1 4 C]IMP at an initial concentration of 2 x 10_4 m. 
The flow rate remained constant throughout the ex­
periment and no differences were observed in the per­
fusion flow rates between preparations from control 
and treated animals. Blood perfusate samples (5 or 
0-5 ml) were withdrawn at 5, 10, 15, 30, 60 and 
120 min. Appropriate corrections were made in the 
calculations for the amount of radiolabel removed at 
each time. Bile was collected in 2-5 -ml graduated cen­
trifuge tubes at 15, 30, 60 and 120 min. At the end 
of the 2 -hr experiment, the liver was removed from 
the perfusion system, weighed and homogenized in 
three parts ice-cold distilled water and the homo­

genate was either kept ice-cold for immediate extrac­
tion or frozen at — 20°C for later use.

In some experiments, polar metabolites of IMP 
were added to the perfusate of isolated perfused liver 
preparations obtained from treated and control ani­
mals. The source of polar metabolites was bile pre­
viously collected from analogous isolated perfused- 
liver experiments with [ 1 4 C]IMP. This contained less 
than 2% of the 14C as IMP and desmethylimipramine 
(Moldowan & Bellward, 1974), the balance consisting 
of polar metabolites of IMP, principally glucuronides 
of various hydroxylated metabolites, but also the hy- 
droxylated metabolites themselves and N-oxides. The 
experimental protocol used for these studies was 
exactly as described above.

In some additional experiments, 55 /rmol [ 3 H]oua- 
bain was added to the perfusate (115 ml) of control 
and treated rat-liver preparations. Blood perfusate 
(0-5 ml) was collected 5, 10, 15, 30 and 60 min and 
bile 15, 30, 45 and 60 min after the addition of 
[ 3 H]ouabain.

Extraction and analyses. Blood perfusate, bile and 
liver were extracted and analysed for IMP and meta­
bolites by the procedures described by Moldowan & 
Bellward (1974). Samples of blood perfusate (0-1 ml 
plasma), bile (0-025 ml) and liver homogenate (0-2 ml 
1:3 homogenate) were radioassayed in 10 ml Aquasol 
(New England Nuclear Corp.). Metabolites were 
determined by 14C assay after extraction of various 
samples. In experiments in which biliary excretion of 
ouabain was studied, samples of perfusate, bile and 
liver were assayed for 3H as described for I4 C. Total 
14C and 3H recoveries ranged from 96 to 103% and 
there were no differences in recovery between control 
and treated liver preparations. All radioassays were 
carried out in a Beckman Model LD-250 scintillation 
spectrometer with an internal standard for quench 
correction. Statistical analyses were done with Stu­
dent’s t test for significance at P < 0 05.

RESULTS

Biliary excretion of endogenous [ , 4 C]/MP metabolites
Results of biliary excretion of endogenously formed 

metabolites of IMP by control and pretreated liver 
preparations are illustrated in Figs 2 and 3. Biliary 
excretion was 18% higher than in the control prep­
arations after pre-exposure to HCB (Fig. 2), as judged 
by the percentage of the dose excreted in bile after 
perfusion for 2 hr. During earlier stages there was a 
slight decrease in biliary excretion which was over­
come by about 1 hr. Pre-exposure to TX and DDT 
had an opposite effect (Fig. 3). TX-pretreated liver 
preparations had excreted only 30% of the radioac­
tivity after 2 hr of perfusion, representing a 23% de­
cline in biliary excretion compared with control liver 
preparations. Biliary excretion was also suppressed as 
a result of pre-exposure to DDT, but this decline 
(14% at 2 hr) was not statistically significant. The 
effect of pre-exposure to TX was also more pro­
nounced at the other sampling times.

Rate of bile flow
Biliary excretion of several compounds has been 

directly associated with the rate of bile flow (Gold­
stein & Taurog, 1968; Hart, Guarino & Adamson,
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Perfusion t ime,  min
Fig. 2. Cumulative biliary excretion of endogenously 
formed metabolites of [ l4 C]imipramine by isolated per­
fused liver preparations from rats fed either a control diet 
(O) or a diet containing 100 ppm hexachlorobenzene (•) 
for 8  days. Results, expressed as a percentage of the dose 
of l4C. are means + SEM for four experiments and the 
point marked with an asterisk differs significantly (P < 005) 
from the control value.

1969; Klaassen, 1970; Klaassen & Plaa, 1968; 
Roberts & Plaa. 1967). Hence, the effect of pre-expo­
sure to HCB. TX and DDT on the volume of bile 
produced was examined (Fig. 4). Generally, bile-flow 
data have been expressed in the literature in terms 
of body weight, but expression of the volume of bile 
produced in terms of liver weight might be more 
appropriate, since liver mass would be expected to 
have a more direct influence on bile secretion. Hence, 
bile-flow data in these experiments have been 
expressed in terms of unit liver weight (Fig. 4a). For 
comparison the same data has been expressed also 
in terms of body weight (Fig. 4b). The overall results 
are not affected by the method of presentation of the 
data; rate of bile flow was unaffected by pre-exposure 
to HCB. but was decreased by pre-exposure to DDT 
or TX. The decrease in bile flow was greater with 
TX than with DDT, a result in agreement with the 
biliary excretion of endogenous metabolites of IMP.

Fig. 3. Cumulative biliary excretion of endogenously 
formed metabolites of [ 1 4C]imipramine by isolated per­
fused liver preparations from rats fed either a control diet 
(O) or diet containing 100 ppm DDT (A) or toxaphene 
(A) for 8  days. Results, expressed as a percentage of the 
dose of 1 4C. are means ± SEM of four experiments and 
points marked with an asterisk differ significantly 
(P < 005) from the control value.

Perfusion time, min

c
e

Fig. 4. Effect of 8 -day pre-exposure of rats to 100 ppm 
dietary hexachlorobenzene (•). DDT (A) or toxaphene (A) 
on the volume of bile produced by isolated perfused liver 
preparations and expressed as a function of (a) liver weight 
and (b) body weight. Results are the means ± SEM of 
eight experiments and an asterisk indicates those that differ 
significantly (P < 0 05) from the control value.

Disposition of \_'4C]IMP
Data on the disappearance of IMP from the circu­

lating perfusate and the appearance of various meta­
bolites in the perfusate are illustrated in Fig. 5. These 
parameters were investigated in order to examine 
whether any alterations in hepatic uptake and meta­
bolism of IMP could account for the modification 
of the biliary excretion of IMP metabolites. Hepatic 
uptake and metabolism of IMP were unaffected by 
pre-exposure to HCB (Fig. 5b). There was a slight 
decrease in the total 14C and polar metabolite con­
centrations in the perfusate, observations commensur­
ate with the enhanced biliary excretion (Fig. 2). TX 
and DDT pretreated liver preparations exhibited a 
decreased rate of metabolism of IMP as judged by 
the upward shift in the disappearance curves for IMP 
(Fig. 5c.d). The decreased rate of hepatic uptake and 
metabolism persisted for the first hour of the per­
fusion. This effect was more pronounced with TX 
preparations, which also showed, in corroboration of 
this observation, a slightly decreased concentration 
of polar metabolites up to 1 hr. The tendency for the 
rate of appearance of polar metabolites of IMP to
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be slightly reduced following TX exposjre may also 
be a reflection of a slight decrease in the rate of 
uptake by the liver. Reduced rate of uotake by the 
liver and/or subsequent metabolism after pre­
exposure to DDT and TX appear to account for the 
decreased biliary elimination of IMP metabolites.

Perfusion t ime,  min
Fig. 5. Pharmacokinetics of [ 14'C]imipramine in the perfu­
sate of livers isolated from rats fed a control diet (a) or 
diet containing 100 ppm hexachlorobenzene (b). DDT (c) 
or toxaphene (d). Total radioactivity (1 4 C) was separated 
into imipramine (IMP), desmethylimipramine (DMI) and 
polar metabolites, namely glucuronides. free hydroxylated 
metabolites and /V-oxides (G. OH. NO). Results are 
means + SEM for four experiments.m i n
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Fig. 6 . Effect of hexachlorobenzene pretreatment (•) on 
the cumulative biliary excretion of exogenously provided 
polar metabolites of [ 1 4C]imipramine by isolated perfused 
rat-liver preparations. Results are means ± SEM for four 
experiments and an asterisk marks those that differ signifi­
cantly (P < 0-05) from the control value (O).

Biliary excretion of exogenous \_I4C]imiprmine metabo­
lites

Since it appeared from the above experiments that 
both bile flow and the rate at which IMP is metabo­
lized might account for the decrease in biliary excre­
tion induced by pre-exposure to DDT and TX, it was 
of interest to see whether one of those factors was 
more influential than the other. Moreover, HCB- 
induced enhancement of biliary excretion could not 
be accounted for by either of these mechanisms. It 
was postulated that if the effect of HCB were unre­
lated to the rate at which IMP was metabolized, then 
the HCB effect should also manifest itself on the bili­
ary excretion of exogenously provided, readily excre- 
table, polar metabolites of IMP. Furthermore, if the 
effects of DDT and TX were in fact related to the 
rate of metabolism of IMP, biliary excretion of exo­
genous polar metabolites of IMP would not be 
expected to be affected. Readily excretable polar 
metabolites of IMP were added, therefore, to the per­
fusate of liver preparations obtained from control and 
HCB-, TX- and DDT-pretreated animals. In contrast 
to the results when IMP was added, HCB pretreat­
ment elicited a 28% suppression of biliary excretion 
of otherwise readily excretable metabolites of IMP

Fig. 7. Effect of DDT (A) or toxaphene (A) pretreatment 
on the cumulative biliary excretion of exogenously pro­
vided polar metabolites of [ 1 4C]imipramine by isolated 
perfused rat-liver preparations. Results are means + SEM 
for four experiments and an asterisk marks those that differ 
significantly (P < 005) from the control value.

(Fig. 6 ). Pre-exposure to DDT and TX also sup­
pressed biliary excretion of IMP metabolites, by 21 
and 19%, respectively after a 2-hr perfusion (Fig. 7). 
These results with DDT- and TX-pretreated liver 
preparations are in agreement with the decrease in 
biliary excretion demonstrated when the livers were 
allowed to synthesize the polar metabolites of IMP.

Hepatic content of 14C-labelled material 
At the end of the 2-hr perfusion experiments the 

hepatic content of total radiolabel was determined as 
an additional index of hepatic uptake. In the experi­
ments in which [ 1 4 C]IMP was added to the liver 
preparations, no significant differences between con­
trol and treated liver preparations were found in the 
quantities of the parent compound and its metabo­
lites. Hence data on the parent-compound and meta­
bolite content of the liver are not given. The total 
hepatic contents of 1 4 C-labelled material at the end 
of these experiments, as well as in experiments in 
which polar metabolites of [ 14]IMP were added, are 
given in Table 1 for control and treated livers. 
Although there was a tendency toward increased 
retention of radioactivity in the treated livers in both 
experiments, only TX-treated livers retained a signifi­
cantly higher quantity. In no case was the uptake 
of the labelled material by treated liver lower than

Table 1. Content of radioactivity in isolated livers perfused for 2 hr with fluid containing 
\_,4C]IMP or its polar metabolites following removal from rats fed for ft days on diet 

containing 100 ppm HCB, TX or DDT '

Liver-content of 14Ct following perfusion with

Pretreatment [ 1 4C]IMP [ 1 4C]IMP metabolites

Control 41-6 + 1-4 3-5 + 0-9
HCB 41-7 ± 3-7 5-9 ± 1-5
TX 51-7 + 2-8* 6-5 + 0-5*
DDT 47-5 ± 3-4 5-9 ± 0-8

IMP = Imipramine HCB = Hexachlorobenzene TX = Toxaphene 
tExpressed as a percentage of the dose of radioactivity to the liver perfusate. Each 

value is the mean + SEM of four individual determinations and those marked with 
an asterisk differ significantly (P < 0 05) from the control values.
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Table 2. Biliary excretion of ouabain determined in isolated perfused livers from rats 
pretreated for 8 days with 100 ppm HCB. TX or DDT in the diet

Perfusion
time
(min)

Biliary excretion of 3H* in livers from rats fed

Control
diet

D et containing

HCB TX DDT

15 8-5 + 21 12-3 + 2-4 13-8 ± 2-3 14-7 + 4-9
30 46-1 + 3-8 56-5 + 4-5 46-3 ± 7-4 58-3 + 6-9
60 80-8 + 2-3 84-6 + 3-5 82-8 ± 2 -0 86-7 + 1-7
90 89-1 + 0-8 91-9 + 1-5 916 ± 0-9 93 1 ± 0-5

HCB = Hexachlorobenzene TX = Toxaphene
’Expressed as a1 percentage of the dose added to the liver perfusate. Each value is

the mean ± SEM of four individual determinations.

that of the control. These results suggest that hin­
dered hepatic uptake may not play a big role in the 
pesticide-induced modification of biliary excretion of 
IMP metabolites.

Biliary excretion of [JH~\ouabain
It was of interest to see whether pre-exposure to 

HCB. DDT or TX would affect biliary excretion of 
a neutral, non-metabolizable model compound. 
[ 3 H]Ouabain was used as an example of a compound 
that is unchanged and does not require to be metabo­
lized prior to biliary excretion. The results are shown 
in Table 2. None of the pretreatments affected the 
biliary excretion of ouabain in a 1-5-hr perfusion.

DISCUSSION

Previous studies demonstrated that mirex and 
Kepone, two structurally related chlorinated pesti- 
cidal compounds, were potent modulators of hepato­
biliary function (Mehendale, 1976a & I977a,b). The 
primary objective of these experiments was to investi­
gate whether other chlorinated pesticides were also 
effective modifiers of hepatobiliary function. Of ad­
ditional interest was the mechanism by which these 
agents may interfere with the underlying processes 
governing normal biliary secretory and excretory 
functions. The results show that HCB, DDT and TX 
are all potential modifiers of biliary excretion, but 
that interference by these toxic chemicals may not 
necessarily result in a predictable response. These 
toxic agents may either enhance or impair biliary 
excretory function. In addition to introducing an ele­
ment of unpredictability, these observations suggest 
that the quest for the mechanisms by which inducing 
agents modulate hepatobiliary function may not yield 
simplistic solutions.

Two documented mechanisms have been proposed 
to explain xenobiotic-induced modification of hepato­
biliary function. An association between biliary excre­
tory function and bile flow (Goldstein & Taurog, 
1968; Hart et al. 1969; Klaassen, 1970; Klaassen & 
Plaa, 1968; Roberts & Plaa, 1967) was demonstrated 
for a variety of compounds. On the other hand. 
Levine (1972. 1973 & 1974) correlated an increase or 
decrease in biliary excretion with an appropriate 
modification of metabolism. In the present investiga­
tions. pre-exposure to DDT or TX resulted in a 
reduction in bile flow as well as a reduced rate of

IMP metabolism, results which appear to be consis­
tent with the decreased biliary excretion of endo­
genously formed metabolites of IMP. However, the 
role of the rate of IMP metabolism in controlling 
the biliary excretion of IMP metabolites may be ques­
tioned in the light of the suppression of biliary excre­
tion of otherwise readily excretable polar metabolites 
of IMP irrespective of which compound was used for 
pretreatmer.t. Moreover, the results of HCB-pretreat- 
ment studies indicate no relationship between the 
modification of biliary excretion and either the rate 
of bile flow or the metabolism of IMP. It is possible 
that the rate of metabolism as a factor may play itself 
out of the picture until a critical level of interference 
with metabolism is achieved.

In the light of these observations, an alternative 
mechanism consistent with the results of the present 
investigations may be proposed. There is experimen­
tal evidence for the existence of two pools of metabo­
lites in the hepatic circulation (Gessner & Hamada. 
1974; Mehendale, 1976b). One, representing the syn­
thetic phase of metabolism, may be termed the 'syn­
thetic pool’, i.e. the pool of metabolites that accumu­
lates during the peak of biotransformation when 
polar metabolites are synthesized on or in close prox­
imity to the smooth endoplasmic reticulum. This pool 
of metabolites may lend itself readily to biliary remo­
val. During this phase, a proportion of the metabo­
lites may escape into the cytoplasm of the hepatocytes 
and gain entry into the vascular system, forming the 
‘post-synthetic pool’ of metabolites. The rates at 
which these two pools of metabolites lend themselves 
to biliary excretion vary (Gessner & Hamada, 1974; 
Mehendale, 1976b). The data on modification of bili­
ary excretory function by pre-exposure to HCB may 
be explained by assuming the existence of more than 
one pool of metabolites: HCB has an enhancing effect 
on the kinetics of biliary removal from the 'synthetic 
pool’ and an adverse effect on the biliary removal 
from the 'post-synthetic pool’ of metabolites. When 
the liver was given an opportunity to synthesize IMP 
metabolites, pre-exposure to HCB enhanced the 
removal of the endogenously formed 'synthetic pool' 
of IMP metabolites and hence increased biliary excre­
tion. When preformed polar metabolites were pro­
vided. thus mimicking the 'post-synthetic pool’, pre­
exposure to HCB resulted in impaired removal of 
these metabolites.

The results of these experiments may also be
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explained by pesticide-induced modification of hepa­
tic-uptake mechanisms. For instance, hindered uptake 
of [ 1 4 C]IMP by TX or DDT-treated liver prep­
arations may explain the reduction in biliary elimin­
ation. Although this possibility cannot be completely 
ruled out at the present time, there are some indica­
tions that altered hepatic uptake may have played 
a relatively minor role in these experiments. For 
example, the hepatic content of exogenously provided 
polar metabolites of [ 1 4 C]IMP in TX-treated liver 
preparations was in fact increased, an observation 
suggesting adequate uptake but impaired biliary elim­
ination.

These investigations demonstrate that pre-exposure 
to pesticidal chemicals may result in a modification 
of hepatobiliary function. Biliary excretion may be 
either enhanced as in the case of HCB or com­
promised as in the case of DDT and TX. These obser­
vations imply unpredictability in the actions of a var­
iety of chlorinated hydrocarbons. The mechanism(s) 
by which these toxic chemicals modulate biliary secre­
tory and excretory functions may involve a variety 
of interactions, combining to culminate in either 
enhanced or compromised hepatobiliary function. A 
systematic dissection of these mechanisms would 
require investigations with prudently chosen models 
for modulation of hepatobiliary function.
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Résumé—Nous constituons deux groupes de jeunes rats mâles; le premier reçoit une alimentation 
normale en calcium (1°„), le second un régime hypocalcique (0,06°,,) pendant 6  semaines. Après 2 
semaines, chaque groupe est divisé en deux lots: témoin et traite au lindane. Le traitement par le 
pesticide, qui consiste en l’addition de 60 ppm dans la nourriture, dure 4 semaines. Le foie et les 
reins sont prélevés et pesés. Nous mesurons dans les microsomes hépatiques les protéines, la phosphati­
dylcholine et des activités enzymatiques. Le lindane augmente le poids des reins. Il accélère le métabo­
lisme hépatique de l’aminopyrine ou de l'aniline et il induit le système microsomal de transport d’élec­
trons dépendant du NADPH (P-450. cytochrome c réductase. phosphatidylcholine). Dans nos condi­
tions expérimentales, le régime hypocalcique ne paraît pas diminuer le métabolisme des substances 
exogènes bien qu’il abaisse la teneur en P-450 des microsomes du foie. Le maintien du niveau métaboli­
que peut s’expliquer par un accroissement du transfert des électrons vers le cytochrome à partir du 
NADPH; la NADPH-cytochrome c réductase et la NADPH-oxydase sont induites. Nous observons 
une interaction entre les effets du lindane et du régime hypocalcique sur l’activité moléculaire spécifique 
de la NADPH-cytochrome c réductase [réduction du P-450 (Fe3 * )] : l’insecticide empêche l'effet propre 
(induction) de la déficience en calcium.

Abstract—Two groups of young male rats were fed either a diet with a normal calcium content (1°„) 
or a low-calcium (006°o) diet for 6  wk. After the first 2 wk. each group was subdivided equally 
into a control group and a group treated for the remaining 4 wk with 60 ppm lindane in the diet. 
The rats were then killed, livers and kidneys were removed and weighed and hepatic microsomal 
fractions were prepared for protein, phosphatidylcholine and enzyme measurements. Lindane increased 
the kidney weights and the rates of aminopyrine and aniline metabolism in the liver, and induced 
the NADPH-dependent microsomal electron-transport system (cytochrome P-450. cytochrome c reduc­
tase. phosphatidylcholine). Under the experimental conditions used, the low-calcium diet did not appear 
to affect the metabolism of exogenous substances, although it lowered the P-450 content of the liver 
microsomes. The maintenance of the normal level of metabolism may be explained by an increase 
in electron transfer towards the cytochrome from NADPH with induction of NADPH-cytochrome 
c reductase and NADPH-oxidase. Lindane treatment prevented the characteristic inducing effect of 
calcium deficiency on the specific molecular activity of NADPH-cytochrome c reductase [reduction 
of P-450 (Fe3 + )].

INTRODUCTION

Il est bien établi que l'ingestion de lindane (isomère 
gamma de l'hexachlorocyclohexane) accélère le méta­
bolisme des substances exogènes. Cet insecticide 
organochloré induit les enzymes liées au cytochrome 
P-450 (oxygénases à fonction mixte) dans les micro­
somes du foie. L'induction enzymatique apparaît, à 
moyen terme, pour une quantité de pesticide ingéré 
relativement faible. Ainsi, nous avons observé que 
l’addition de 2 0  ppm de lindane au régime alimentaire 
du rat mâle, pendant 4 semaines, augmente la 
N-déméthylation de l’aminopyrine (aminophénazone) 
et l’hydroxylation de l’aniline (Pélissier et Albrecht,
1976). Une analyse mathématique de nos résultats 
nous a même permis de proposer 4 ppm comme dose 
vraisemblablement efficace (Lowy, Albrecht, Pélissier 
et Manchon, 1977).

Le métabolisme des substances exogènes dépend 
des conditions nutritionnelles. Dans une récente revue

générale, Campbell et Hayes (1974) signalaient qu’un 
apport alimentaire insuffisant en calcium ralentit le 
métabolisme hépatique des médicaments. Cette affir­
mation—importante pour la pratique médicale, parti­
culièrement en pédiatrie—se retrouve fréquemment 
dans la littérature; elle est donc considérée comme 
‘classique’. Or, à notre connaissance, elle ne repose 
que sur une seule expérience, déjà ancienne, de 
Dingell, Joiner et Hurwitz (1966). Ces chercheurs con­
stataient un ralentissement des métabolismes de 
l’hexobarbital, de l'aminopyrine et de l’acide p- 
nitrobenzoique chez des rats nourris pendant 40 jours 
avec un régime déficient en calcium; ils n’observaient 
pas d’effet après seulement 33 jours. Dingell et al. 
(1966) ne signalaient pas la quantité de calcium du 
régime carencé et ne mesuraient pas les composants 
du système microsomal de transport d’électrons 
(P-450. NADPH-cytochrome c réductase. etc.). Il 
nous a donc paru intéressant de reprendre cette 
expérience, d’essayer de la compléter, et surtout

27
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d'étudier l’éventuelle interaction des effets entre le 
lindane et la quantité de calcium alimentaire.

METHODES EXPERIMENTALES

Animaux et traitement. Les animaux sont des rats 
mâles de souche Wistar CF provenant d'un élevage 
à flore contrôlée S PF; nous les recevons au sevrage 
à 18-20 jours. Pendant 1 semaine, nous les acclima­
tons à notre animalerie: nous leur donnons alors une 
provende commerciale (Biscuits ‘‘Extralabo’’). Nous 
répartissons ensuite les rats en deux groupes. Le pre­
mier reçoit une alimentation normale en calcium 
( 1 „). le second un régime hypocalcique <0,06°o). Les 
régimes sont fournis par les Etablissements U.A.R. 
(91—Villemoisson sur Orge); ils comportent en parti­
culier 23",, de protides (caséine), 6000 UI de vitamine 
D et respectivement 0.78 et l,04°o de phosphore. 
Après 2 semaines, chaque groupe est divisé en deux 
lots: témoin et traité au lindane. Le traitement par 
le pesticide, qui consiste en l’addition de 60 ppm dans 
la nourriture, dure 4 semaines.

Après un jeûne d’une nuit, nous pesons puis sacri­
fions les rats par décapitation. Le foie et les reins 
sont prélevés, lavés et pesés. Nous préparons des 
microsomes hépatiques (250 mg foie/ir.l) selon le 
procédé que nous avons décrit (Albrecht, Pélissier, 
Manchon et Rospars, 1973), et nous en déterminons 
la teneur en protéines (Lowry, Rosebrough, Farr et 
Randall, 1951). Nous mesurons la calcémie par pho- 
tomètrie de flamme air-acétylène à 554 nm (Herr- 
mann et Alkemade, 1963); la courbe d’étalonnage est 
établie à l'aide de solutions de Cl2Ca ‘compensées’ 
par 143,5 mequiv/litre de N a+ et 3,84 mequiv/litre 
de K + .

Phosphatidylcholine des microsomes. Nous nous in­
spirons de Ackerman et Chou (1960) pour l’hydrolyse 
de la phosphatidylcholine et de Hayes, MgBodile et 
Campbell (1973) pour le dosage de la cho ine. A 2 ml 
de microsomes (500 mg foie), nous ajoutons 2 ml de 
solution saturée de Ba(OH)2 et 0,5 ml d’éthanol; nous 
chauffons le mélange au bain-marie bouillant pendant 
20 h. Nous amenons à pH 10 avec CH3COOH puis 
nous filtrons et complétons avec de l’eau q.s.p. 25 
ml. Nous ajoutons 3 ml de reineckate d’ammonium 
(à 5° 0 dans du méthanol) et laissons en chambre 
froide pendant 3 à 4 h. Nous filtrons sur Célite. Le 
complexe de reineckate de choline, qui est retenu sur 
la Célite. est lavé trois fois avec 2 ml de 1-propanol 
puis dissous dans 10 ml d’acétone. Nous mesurons 
l’absorption optique de l’éluat acétonique à 526 nm. 
Dans ces conditions. 5 pmoles de choline donnent une 
densité optique égale à 0.053 (cuve de 1 cm d’épais­
seur).

Activité enzymatiques des microsomes. Nous indi­
quons dans un article antérieur (Pélissier, Manchon, 
Atteba et Albrecht, 1975) les conditions de mesure 
de la N-déméthylation de l’aminopyrine et de l’hyd- 
roxylation de l’aniline. Nous déterminons les teneurs 
en cytochrome P-450 et i>5 des microsomes selon les 
méthodes de Omura et Sato (1964); le milieu com­
porte de l’HEPES 0.1 m (acide N-2-hydroxyéthylpi- 
pérazine-iV-2-éthanesulfonique) à pH 7,4 et des micro­
somes correspondant à 40 mg foie/ml. Pour mesurer 
l’activité de la NADPH-cytochrome c réductase, nous 
modifions légèrement la technique que décrivent Her­

nandez, Gillette et Mazel (1967): le milieu est tam­
ponné à pH 7,4 avec de l’HEPES 0,1 m et les micro­
somes sont en quantité correspondant à 1 mg foie/ml. 
Nous nous inspirons du travail de Gigon, Gram et 
Gillette (1969) pour déterminer la NADPH-oxydase; 
le milieu contient de l’HEPES 0,1 m, du NADPF1 0,2 
mM et des microsomes correspondant à 40 mg foie/ml. 
Nous mesurons l’activité de la NADH-b5 réductase 
(NADH ferricyanure réductase) selon la méthode, 
légèrement modifiée, de Hrycay et Prough (1974); le 
milieu comporte HEPES 0,1 m. acide éthylène-dia- 
minotétracétique 1 mM, ferricyanure de potassium 
3 mM, NADH 1 mM. microsomes équivalent à 1,7 mg 
foie/ml.

Analyse statistique. Notre expérience comporte 
quatre groupes; on dit qu’elle est polyfactorielle 2 x 2  

puisqu’elle permet l’étude de deux facteurs (lindane, 
régime), chacun étant à deux niveaux. Nous testons 
1) l’absence d'interaction entre les facteurs; 2 ) l’effet 
du lindane; 3) l’effet du régime. Les résultats sont 
établis par l’analyse de variance (Schwartz. 1966). 
après vérification de sa légitimité par le test de Bart- 
lett (cf. Snedecor et Cochran. 1957). L’organisation 
de l’expérience permet d’appliquer la méthode des 
blocs complets (Lellouch et Lazar. 1974).

Nous indiquons sur les tableaux, pour chaque 
groupe, la moyenne et la valeur estimée de son écart- 
type; nous signalons aussi, pour chaque paramètre, 
la valeur de la variance résiduelle s2. Nous effectuons 
une analyse de covariance (Lellouch et Lazar, 1974) 
pour calculer le poids relatif moyen du foie ou des 
reins et son écart-type (celui-ci est estimé à partir de 
la ‘variance liée’ commune). Nous admettons qu’une 
différence est significative lorsque la probabilité P 
quelle soit nulle est % 0.05 et très significative pour 
P «  0,01.

RESULTATS

Caractéristiques des animaux
L’ingestion de lindane, 60 ppm dans l’alimentation 

pendant 4 semaines, ne modifie pas le poids corporel 
et le poids relatif du foie (Tableau 1). Le poids relatif 
des reins est significativement augmenté ( + 1 2 %).

Le régime hypocalcique, 0.06° „ de calcium pendant 
6  semaines, ralentit significativement la croissance 
pondérale des rats ( — 9°0) et accroît très significative­
ment ( + 29°0) le poids relatif des reins. La calcémie 
est significativement abaissée de 28° „ (Tableau 2).

Nous n'observons pas d’interaction entre les effets 
du lindane et du régime sur le poids corporel, le poids 
des organes ou la calcémie.

Activité des microsomes hépatiques
Le lindane ne modifie pas la concentration des pro­

téines microsomales, mais il augmente significative­
ment (+16%) la teneur en phosphatidylcholine (Tab­
leau 2). L’insecticide accélère très significativement de 
76% la N-déméthylation de l’aminopyrine rapportée 
aux protéines (Tableau 3) et de 45% l’activité/nmol 
P-450 (activité moléculaire spécifique ou turnover 
number). L’hydroxylation de l’aniline est très significa­
tivement accrue de 25% par rapport aux protéines, 
l'activité moléculaire spécifique n’étant cependant pas 
modifiée. Le lindane augmente très significativement
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T a b le a u  1. P oids corporel et poids re la tif  du fo ie  et des reins des ra ts nourris 
avec des régim es contenant du lindane

R égim e
P o id s  c o rp o re l*  

(g)
P o id s  re la tif  d u  foie* 

(g / 1 0 0  g ra t)
P o id s  re la tif  des reins* 

(g / 1 0 0  g ra t)

E q u ilib ré
T ém o in s 235.0 ±  8,95 3.60 +  0,180 0.858 +  0,0507
L in d an e 250.0 ±  10.4 3.77 +  0.180 0,917 +  0.0507

H y p o ca lc iq u e
T ém o in s 212,0 +  15.1 3.77 + 0 .1 8 0 1.072 +  0.0507
L in d a n e 228,0 +  8.55 4.02 +  0.180 1.224 +  0.0507

S 2-- 429,0 1,041 0,06100

* M o y en n e  (six an im au x /g ro u p e ). é c a r t- ty p e  su r  la  m o y en n e  et la v a leu r  d e  la v a rian ce  résid u e lle  (s2).

de 19% la teneur en P-450 (Tableau 3), mais n’a pas 
d’effet sur la biosynthèse nette du cytochrome b5. 
L'activité de la NADPH-cytochrome c réductase, 
exprimée pour 100 mg de protéines, est très significa­
tivement plus élevée de 26% chez les animaux traités; 
le pesticide ne paraît induire l’activité moléculaire 
spécifique qu'avec le régime équilibré. L’ingestion de 
lindane ne semble pas modifier sensiblement les acti­
vités des NADPH-oxydase et NADH-£>S réductase 
(Tableau 3).

Le régime hypocalcique n’a pas d’effet sur la con­
centration des protéines. Il augmente significativment 
( + 23%) l’activité moléculaire spécifique de la 
/V-déméthylation de l’aminopyrine. L’hydroxylation 
de l’aniline ne paraît pas dépendre, dans nos condi­
tions expérimentales, de la teneur en calcium alimen­
taire. Le régime hypocalcique diminue significative­
ment (-12%) le P-450; il ne modifie pas la bio­
synthèse du cytochrome b5. Chez le rat témoin, l’acti­
vité moléculaire spécifique de la NADPH-cytochrome 
c réductase rapportée au P-450 est très significative­
ment induite ( + 55%) par la déficience en calcium; 
l’activité, exprimée pour 100 mg de protéines, n’étant 
pas modifiée. Le régime hypocalcique accroît très sig­
nificativement l’activité de la NADPH-oxydase: res­
pectivement de 55 et 66% par rapport aux protéines 
et au P-450. L’activité de la NADH-b5 réductase, 
exprimée pour 100 mg de protéines, est significative­
ment abaissée (-19%), mais l’activité moléculaire 
spécifique, rapportée au b5, n’est pas modifiée.

Nous observons une interaction significative entre 
les effets du lindane et du régime hypocalcique sur 

- l’activité de la NADPH-cytochrome c réductase: (1) 
le lindane augmenterait l’activité rapportée au P-450 
avec le régime équilibré alors qu’il la diminuerait avec 
le régime hypocalcique; (2) la carence en calcium in­
duit très significativement ( + 55%) l'enzyme chez le 
témoin alors qu’elle n’a pas d’effet chez le rat traité 
au pesticide.

DISCUSSION

Effets du lindane
Nous confirmons certains effets du lindane que 

nous avons déjà signalés (Lowy et al. 1977; Pélissier 
et Albrecht. 1976; Pélissier et al. 1975): 60 ppm dans 
la nourriture du rat, pendant 4 semaines, accélèrent 
le métabolisme hépatique des substances exogènes de 
type I (aminopyrine) et de type II (aniline); l’induction 
des monoxygénases microsomales est liée à une éléva­
tion de la teneur en P-450 et à une augmentation 
de l’activité de la NADPH-cytochrome c réductase. 
Par cette expérience, nous précisons que l’induction 
enzymatique paraît spécifique des réactions dépen­
dantes du NADPH: ni la NADH-b5 réductase ni le 
cytochrome b5 microsomal ne sont influencés par le 
traitement au pesticide. D’autre part, le lindane aug­
mente la quantité de phosphatidylcholine des micro- 
somes; ce qui est en accord avec la prolifération du

T a b le a u  2. Calcém ie, protéines et phosphatidylcholine des m icrosom es des ra ts nourris avec un
régim e contenant du lindane

C alcém ie*
(m g/litre)

C o n c e n tra tio n  des 
p ro té in e s  m icro so m ales*  

(g / 1 0 0  g foie)
P h o sp h a tid y lch o lin e*  

(p m o le / 1 0 0  m g  p ro té in es)

R égim e N o m b re  d ’a n im a u x ... . 5 6 5

E q u ilib ré
T ém o in s 86.0 +  14.0 3.51 +  0,193 28.9 ±  3.44
L in d a n e 86,0 ± 1 1 ,9 3,70 ±  0,328 32.5 ±  4.43

H y p o ca lc iq u e
T ém o in s 51,6 +  8.57 3.92 ±  0,208 24.8 +  2,51
L in d a n e 72.3 +  4.56 3.78 +  0.187 29,8 +  3.58

s 2. . . . 425.7 0.1963 19.85

* M o y en n e , é c a r t- ty p e  su r  la  m o y en n e  et la  v a leu r d e  v a rian ce  ré sid u e lle  (s2).
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T a b le a u  3. A ctiv ités en zym atiqu es des m icrosom es des ra ts  nourris avec des régim es contenant du lindane

A ctiv ité  en zy m a tiq u e*

R égim e éq u ilib ré R égim e h y p o c a lc iq u e

N o m b re Avec A vec
P a ra m è tre d ’a n im au x T ém o in s lin d an e T ém o in s lin d an e s 2

A -D é m é th y la tio n  de l 'a m in o p y r in e
n m o l a m in o a n tip y r in e /m in / 1 0 0  m g p ro té in e s 6 11,4 ±  1,56 21,4 ±  2,99 12,9 +  1,73 21.3 +  2,59 17,97
/n m o l P-4S0

H y d ro x y la tio n  d e  l’an ilin e

6 0,154 ±  0,0219 0,254 ±  0,0240 0.216 ±  0,0265 0,284 ±  0,0338 0,002583

n m o l p -a m in o p h é n o l/m in / 1 0 0  m g  p ro té in e s 6 23,2 +  2,62 30,7 +  3,13 22.5 +  1,25 26.4 ±  2,50 20,54
/n m o l P -450 6 0.302 ±  0.0297 0,367 +  0,0191 0.381 ±  0,0246 0,357 ±  0,0432 0,004039

C y to c h ro m e  P -450
n m o l / 1 0 0  m g  p ro té in es  

C y to c h ro m e  b 5
6 73,7 ±  3,52 83,3 +  6,23 60,7 +  5,86 77,2 ±  4,11 67,98

n m o l / 1 0 0  m g p ro té in e s 6 87,0 ±  10,6 81,9 ±  6,94 80,5 +  6 , 6 8 74.4 ±  4,91 344,5

N A D P H -c y to c h ro m e  c ré d u c ta se
/tm o l/m ln / 1 0 0  m g p ro té in e s 6 5,53 +  0,916 7,7 +  1,31 6,44 +  0,952 7,38 +  0.790 1,367
n m o l/m in /n m o l P-450 

N A D P H -o x y d a s e

6 75 +  12,0 93 ±  13,8 1 1 7 +  16,1 99 ±  10,9 277,0

n m o l/m in / 1 0 0  m g p ro té in e s 5 267 +  51,0 310 +  113 415 +  89.1 480 ±  76,3 8420
/n m o l P -450  

N A D H - 6 5  réd u c ta se

5 3,71 ±  0,831 4,7 +  1,71 7,3 ±  1,58 6 , 6  ±  1,31 2,350

/tm o l/m in / 1 0 0  m g  p ro té in e s 6 371 +  55,5 374 +  26,1 284 +  34,6 323 ±  17,6 6027
/n m o l b 5 6 4,47 ±  0,760 4,69 ±  0,432 3.65 ±  0,502 4,45 ±  0,394 0,8713

* M o y en n e , é c a r t- ty p e  su r  la m o y en n e  et la v a leu r de v a rian ce  ré s id u e lle  (s2).
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réticulum endoplasmique que signalent les morpholo­
gistes (Herbst et Bodenstein. 1972).

Effets du régime hypocalcique
Dans nos conditions expérimentales. 6 semaines de 

régime ne contenant que 0,06°o de calcium, le méta­
bolisme des substances exogènes n'est pas réprimé 
dans les microsomes hépatiques du rat. Nous ne con­
firmons donc pas les résultats de Dingell et al. (1966). 
L'étude du système microsomal de transport d’élec­
trons fait apparaître que, bien que le P-450 soit en 
moindre quantité, son "efficacité" enzymatique—pour 
le métabolisme des substances exogènes—est accrue. 
En effet, la réduction du P-450 (Fe3") en (Fe2"), qui 
est une étape essentielle pour le métabolisme, est 
favorisée par l'induction de la NADPH-cytochrome 
c réductase et de la NADPH-oxydase. Le maintien 
du niveau métabolique des médicaments peut donc 
s'expliquer par un équilibre entre effets opposés: 
d'une part la diminution du P-450. d'autre part l'aug­
mentation du transfert des électrons à partir du 
NADPH. Cet équilibre serait rompu chez des ani­
maux plus sensibles à la carence en calcium. En 
était-il ainsi dans l'expérience de Dingell et al. (1966)? 
Nous ignorons pourquoi le régime hypocalcique 
modifie les monoxygénases microsomales. Y-a-t-il une 
relation avec le métabolisme de la vitamine D3? On 
sait en effet que ce métabolisme (hydroxylations) 
dépend de la calcémie et s'effectue en partie dans les 
microsomes du foie (Deluca, 1976).

Interaction Undane-apport de calcium
La réduction enzymatique du P-450. estimée par 

la mesure de l'activité moléculaire spécifique de la 
NADPH-cytochrome c réductase. est accélérée à la 
fois par le lindane et le régime hypocalcique, l'effet 
du régime étant le plus prononcé. Si l'on associe les 
deux traitements, les inductions ne sont pas additives 
et le niveau enzymatique se situe au plus bas; c’est-à- 
dire comparable à celui de l'animal nourri avec le 
régime équilibré comportant du lindane. L’insecticide 
a donc empêché l'effet propre du régime hypocalci­
que.

R em erciem en ts-  N o u s  rem erc io n s  S. A tteb a  et C . D esfo n ­
ta in e s  d e  leu r c o lla b o ra tio n .
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Abstract— Mice were fed Kanechlor-500 (KC-500) at a dietary level of 001 (control). 0 94. 8-4 or 86 ppm 
from the day of insemination until day 18 of pregnancy and were then killed. The amounts of polychlor­
inated biphenyls (PCBsl present in the whole body, liver and foetuses of the mice were, respectively. 
6 16. 0-8-3 and 0-1 -0-2"o of the total PCB intake, regardless of the dietary level of PCB. showing 
that transplacental transfer of PCBs to foetuses occurs to a relatively small degree. Other pregnant 
mice were fed a diet containing 0 01 or 0-94 ppm KC-500 and maintained on this until their offspring 
were 5 wk old. The young (one or two from each litter) were killed at weekly intervals from birth 
and analysed for PCBs. These offspring contained 100 or more times as much PCB during lactation 
as was present in the foetuses, indicating a considerable transfer of PCBs via the milk.

INTRODUCTION

P o ly c h lo r in a te d  b ip h e n y ls  (P C B s) a re  k n o w n  to  
h av e  b een  th e  c a u se  o f  a  m ass o u tb re a k  o f  fo o d  
p o iso n in g  c a lled  Y u sh o . w h ich  o c c u rre d  in w este rn  
J a p a n  in 1968 (K a tsu k i. 1969: K u ra tsu n e . Y o sh im u ra . 
M a tsu z a k a  &  Y a m ag u c h i. 1972). F o e tu se s  from  
m o th e rs  w ith  Y u sh o  sh o w e d  so m e  o f  th e  c h a ra c te r ­
istics o f  th e  d ise ase  (K ik u c h i. H a sh im o to . H o z u m i. 
K o g a . O y o sh i &  N a g a k a w a . 1969: T a k i. H isa n a g a  
&  A m ag ase . 1969). S ev e ra l b a b ie s  w h o  h a d  a c q u ire d  
P C B s fro m  th e ir  m o th e rs  e ith e r  tra n s p la c e n ta lly  
a n d  o r  by b re a s t feed ing  w ere  a lso  d ia g n o se d  as su f­
fe ring  from  Y u sh o  (Y o sh im u ra . 1974). R e p ro d u c tiv e  
defec ts  h av e  b een  re p o r te d  in a n im a ls  g iven  P C B s 
(D a h lg re n . L in d e r  &  C a rlso n . 1972; L in d e r. G a in e s  
&  K im b ro u g h . 1974). a n d  it is ev id en t th a t  P C B s 
p re se n t in m o th e rs  c an  affect th e ir  b ab ie s . T h e  s tu d y  
d e sc rib e d  h e re  w as u n d e r ta k e n  to  o b ta in  fu r th e r  
q u a li ta t iv e  a n d  q u a n ti ta t iv e  d a ta  o n  th e  tra n s fe r  o f 
P C B s th ro u g h  th e  p la c e n ta  a n d  m ilk  o f  p re g n a n t a n d  
la c ta t in g  m ice.

EXPERIMENTAL

Materials and instrumentation. E th a n o l,  /¡-hexane, 
w a te r , so d iu m  h y d ro x id e , a n h y d ro u s  so d iu m  su lp h a te  
a n d  silica  gel w ere  p u rif ie d  for P C B  a n a ly s is  as d e ­
sc rib ed  p re v io u s ly  (M a su d a . K a g a w a  &  K u ra tsu n e . 
1974). K a n e c h lo r-5 0 0  a n d  K a n e c h lo r-6 0 0  w ere  p ro ­
v ided  by K a n e g a fu c h i C h e m ic a l In d u s try  C o .. O sa k a . 
P C B  iso m ers  w ere  p u rc h a se d  fro m  A n a la b s . Inc.. 
N o r th  H a v en . U S A . o r  sy n th e s ize d  in o u r  la b o ra to ry . 
T h e  g as c h ro m a to g ra p h  used  w as a  S h im a d z u  
G C -4 B M  w ith  an  e le c tro n -c a p tu re  d e te c to r  a n d  a 
glass c o lu m n  (3 m m  x  2 m ) c o n ta in in g  C h ro m o s o rb  
W  A W -D M C S  (6 0 -8 0  m esh) c o a te d  w ith  5 "0 SE -30. 
T h e  c o lu m n  te m p e ra tu re  w as 210 C  a n d  p u re

n itro g e n  (99-999",,) w as u sed  as th e  c a r r ie r  g as a t a 
flow  ra te  o f  3 0 m l/m in .

Animals and diet. M a le  a n d  fem ale  d d N  m ice  w ere 
su p p lie d  by th e  a n im a l c e n tre  o f  K y u sh u  U n iv e rs ity . 
T est d ie ts  w ere  p re p a re d  by th o ro u g h ly  m ix in g  1 -kg 
b a tc h e s  o f  p o w d e re d  feed (O rie n ta l M ) w ith  e th y l 
e th e r  s o lu tio n s  c o n ta in in g  0. IT . 11 o r  110 m g 
K a n e c h lo r-5 0 0  a n d  leav in g  th e  m ix tu re  e x p o se d  to  
th e  a ir  o v e rn ig h t to  e v a p o ra te  th e  so lv e n t. T h e  m ix ­
tu re  w as th e n  k n e a d e d  w'ell w ith  w a te r  a n d  w ith  lOOg 
so lu b le  s ta rc h  (rea g e n t g ra d e ) d isso lv e d  in h o t w a te r  
to  m a k e  a  d o u g h , a n d  p ieces o f  th e  d o u g h  w eig h in g  
2 3 g w ere  p e lle ted  a n d  d r ie d  a t 60 C  fo r 15 h r. T h e  
d r ie d  pe lle ts , c a lc u la te d  to  c o n ta in  0. 1. 10 o r  100 pp m  
K a n ec h lo r-5 0 0 . w ere  a n a ly se d  fo r P C B s by gas 
c h ro m a to g ra p h y  (see below ), th e  m ea n  levels d e riv ed  
from  tr ip l ic a te  d e te rm in a tio n s  b e in g  0-01. 0-94. 8-4 
a n d  86 p p m . respec tive ly .

Experimental procedure. F e m a le  m ice  w ere  d iv id ed  
w h en  10 wk o ld  in to  fo u r g ro u p s  o f  7 -1 2  a n d  m ated , 
in se m in a tio n  b e in g  c o n firm ed  by th e  p re sen c e  o f  a 
v ag in a l p lug . T h e  p re g n a n t m ice  w ere  cag ed  in d iv i­
d u a lly  a n d  fed o n e  o f  th e  K a n e c h lo r-5 0 0  d ie ts  un til 
d a y  18 o f  p re g n an c y , w h en  th ey  w ere  k illed . T h e  p e l­
le ts in e ach  cage  w ere  w eighed  every  d a y  a n d  th e ir  
c o n su m p tio n  w as c a lc u la te d . F o r  e ac h  d a m . th e  foe­
tu ses. liver a n d  rest o f  th e  b o d y  a p a r t  from  th e  d ig e s­
tiv e  tra c t  w ere  a n a ly se d  fo r P C B s. T w o  o th e r  g ro u p s , 
o n e  o f  n in e  a n d  o n e  o f  12 m ice, w ere  m a te d  a n d  caged  
s im ila rly  a n d  fed th e  pe lle ts  c o n ta in in g  0 0 1  o r  
0-94 p p m  P C B s fro m  th e  d a y  o f  in se m in a tio n  u n til 
th e  en d  o f  th e  e x p e rim e n t. Y o u n g  b o rn  o n  d a y  20 
o r  21 o f  p re g n a n c y  w ere  ra ised  by th e ir  d a m s  for 
5 w k. o n e  o r  tw o  o ffsp rin g  fro m  e ach  l it te r  be in g  
k illed  a t w eek ly  in te rv a ls  fro m  1 w k a fte r  b i r th  for 
w h o le -b o d y  P C B  a n a ly sis . T h e  d a m s  w ere  k illed  a t 
w k 5 a n d  in e ach  c ase  th e  liver a n d  th e  re st o f  th e  
b o d y  a p a r t  fro m  th e  d ig es tiv e  tra c t  w ere  a n a ly se d  se p ­
a ra te ly  fo r PC B s.

33
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Table 1. M ean  concen tra tions o f  P C B s in the  w hole-body hom ogenate, lite r  and fo e tu se s  o f  dam s fe d  
Kaneclilor-5t)<> throughout pregnancy to day  IX

Levels of PCBs 
in feed (ppm)

No. of 
dams/group

Basis of 
calculation*

Concn of PCBs (ppm) in

Whole body Liver Foetuses

0-01 (control) 8 Total tissue 
Fat

0016 +  0-012 
0-27 +  019

0 056 ±  0-025 0 008 ±0-011 
0-81 +  1-16

0-94 12 Total tissue 
Fat

0-33 ±0-14  
13 +  6-0

1-4 ±  0-27 0-017 +  0-007 
5-4 ±  2-7

8.4 8 Total tissue 
Fat

5-3 ±  1-1 
100 + 33

3-1 ±  0-59 0-20 +  0-10
26 +  23

86 7 Total tissue 
Fat

43 ±  8-9 
990 +  310

23 ±  9-1 1-7 +  0-7 
200 +  88

♦Values are means ±  SD for concentrations expressed either as a proportion of the whole tissue or 
of the fat content.

Analytical methods. T h e  official s ta n d a rd  a n a ly tic a l 
m e th o d  fo r P C B s e s ta b lish e d  by th e  M in is try  o f 
H e a lth  an d  W elfare  (K a w a sh iro . U e d a . U e ta . K a sh i- 
m o to . K ita m u ra . K u ra tsu n e . T a tsu k a w a . T a n a b e . 
T e ra sh im a . F u jiw a ra . Y o sh im u ra . M a su d a  &  M izu - 
tan i. 1972) w as u sed  fo r th e  e x tra c tio n , s e p a ra t io n  an d  
q u a n ti ta t iv e  d e te rm in a tio n  o f  PC B s. S a m p le s  w ere 
first h o m o g en iz ed  w ith  10 0 -2 0 0  m l » -h e x an e  a n d  20 g 
so d iu m  su lp h a te  in  a W a rin g  b len d e r. T h e  se p a ra te d  
» -h e x an e  so lu tio n s  w ere c o m b in e d  a n d  e v a p o ra te d  to  
d ry n ess , y ie ld in g  fa tty  re s id u es  w h ich  w ere  sa p o n if ie d  
w ith  1 N -N aO H  in 5 0 -1 0 0  m l e th a n o l.  F o r  liver 
sam p les, th e  s a p o n if ic a tio n  w as m a d e  w ith o u t e x tra c ­
t io n . T h e  » -h e x an e  e x tra c ts  o f  th e  N a C 'H  so lu tio n  
w ere c o m b in e d , c o n c e n tra te d  a n d  th e n  c h ro m a to -  
g ta p h e d  o n  a  c o lu m n  o f silica  gel (W a k o  gel S - l .  2 g) 
e lu te d  w ith  150 m l » -h ex an e . T h e  e lu a te  w as c o n c e n ­
tra te d  a n d  su b je c te d  to  gas c h ro m a to g ra p h y , th e  
P C B s b e in g  d e te rm in e d  by c o m p a r in g  th e  to ta l  p eak  
h e ig h ts  o f th e ir  gas c h ro m a to g ra m s  w ith  th o se  o f a 
1:1 m ix tu re  o f  K a n e c h lo r-5 0 0  an d  K a n ec h lo r-6 0 0 .

RESULTS

All th e  p re g n a n t m ice  fed d ie t c o n ta in in g  0 01. 0-94.
8-4 o r  86 p p m  P C B s grew  well th ro u g h o u t  p re g n an c y , 
th e  m e a n  b o d y  w e ig h ts  o f  th ese  fo u r g ro u p s  o n  day  
18 o f  p re g n a n c y  b e in g  42-3. 42-6. 45-9 an d  43T  g. re ­
spec tive ly . T h e re  w as n o  s ig n ific a n t d ifference  in 
b o d y -w e ig h t g a in  b e tw ee n  th ese  g ro u p s . T h e  n u m b e rs  
o f  fo e tu ses o r  o ffsp rin g  p ro d u c e d  by e ac h  d a m  w ere 
n o rm a l (7 -8 ) in each  g ro u p , an d  th e re  w ere  n o  a b n o r ­
m a litie s  in a p p e a ra n c e .

T a b le s  1 a n d  2 su m m a riz e  th e  re su lts  o f  th e  P C B  
a n a ly se s  o f  th e  tis su e  sa m p le s  fro m  th e  fo u r g ro u p s  
k illed  o n  d a y  18 o f  p re g n an c y . T h e  levels o f  P C B s 
a c c u m u la te d  in th e  tissu es o f  d a m s an d  fo e tu ses  a n d  
in th e  m a te rn a l  livers in cre ased  w ith  in c re a s in g  P C B  
c o n te n t  o f  th e  d ie t (T ab le  1). T h e  liver levels on ly  
sh o w ed  a  re la tiv e ly  sm all in c re ase  ( x  2-2). h o w ev er, 
w h en  th e  d ie ta ry  c o n c e n tra t io n  w as ra ised  fro m  0-94 
to  8-4 p p m . T a b le  2 sh o w s th e  to ta l  q u a n ti t ie s  o f  
P C B s re ta in e d  in th e  tissu es o f  d a m s  an d  foe tuses. 
T h ese  a lso , in c re ased  w hen  th e  P C B  level o f  th e  d ie ts  
w as ra ised , a n d  th e  a m o u n ts  p re se n t in th e  w h o le  
b o d y , liver an d  fo e tu ses a c c o u n te d , re sp ec tiv e ly , fo r
6 -1 6 . 0 -8 -3  a n d  0 T -0 -2 ° o o f  th e  to ta l  P C B  in ta k e . 
T h u s , a  m u ch  sm a lle r  p ro p o r t io n  w as fo u n d  in th e  
fo e tu ses th a n  in th e  o th e r  tissues. H o w ev er, th e  p r o ­
p o r t io n s  d id  n o t v ary  w idely  in th e  d ifferen t g ro u p s  
in sp ite  o f  th e  m a rk e d  d ifferences in th e  P C B  levels 
o f  th e  d ifferen t d iets.

T h e  P C B  c o n te n t  o f  1 -5 -w k -o ld  o ffsp rin g  o f  d a m s 
g iven  P C B s at a  d ie ta ry  level o f  0-01 o r  0-94 p p m  
is sh o w n  in T a b le  3. w h ich  a lso  lists th e  to ta l  a m o u n ts  
o f  P C B s p e r  l it te r  e s tim a te d  fro m  th e  n u m b e r  o f  off­
sp r in g  in th e  lit te r  a n d  th e ir  P C B  c o n c e n tra t io n . 
W h ile  b o th  th e  c o n c e n tra t io n  an d  th e  to ta l  a m o u n t 
o f  P C B s p re se n t w ere  a lw ay s very sm a ll in th e  foe­
tu ses  o f  th e  d a m s  fed P C B s. th ey  w ere  m u c h  la rg e r  
in th e  y o u n g  k illed  d u r in g  th e  la c ta t io n  p e r io d  (a b o u t 
2 w k a fte r b irth ). In  o ffsp rin g  w ean ed  2 o r  3 w k a fte r 
b ir th , th e  P C B  c o n c e n tra t io n  re m a in e d  ro u g h ly  c o n ­
s ta n t.  even  w hen  th ey  c o n su m e d  th e  d ie t c o n ta in in g  
0-94 p p m  P C B s. C o n se q u e n tly , th e  to ta l  a m o u n ts  o f  
P C B s in th e  b o d ie s  o f  o ffsp rin g  ag ed  3 -5  w k in cre ased  
w ith  tim e . A d a m  g iven p e lle ts  c o n ta in in g  0 9 4  p p m

Table 2. M ea n  w eights o f P C B s in w hole-body hom ogenates, lite r s  and fo e tu se s  o f  dam s fe d  K anech lor-500  throughout
pregnancy  to  day  IS

Levels of PCBs 
in feed 
(ppm)

No. of 
dams/group

Total intake 
of PCBs* 

(Mg)

Total weight (/tg) of PCBs* in

Whole body Liver Foetuses

0-01 (control) 8 1-0 + CM 0-42 ±  0-36 (42-0) 0-14 + 0-06(14-0) 0-05 + 0-07 (5-0)
0-94 12 96 +  7-0 5-7 ±  19 (5-9) 31 ±  07(3-2) 0-10 +  0-05(01)
8-4 8 890 ±  100 140 ±  40(15-6) 9-2 ±  2-0 (1-0) 1-9 + 1-1 (02)
86 7 9300 ±  300 1100 +  270(11-6) 73 ±  16(0-8) 13 + 6-9(01)

♦Values are means + SD, the figures in parenthesis being the weight of PCBs in the given tissue expressed as a percentage 
of the total intake.



Table 3. Mean concern ral ions unii tomi weights o f PC Bs in the offspring o f dams fed Kanechlor-ÿOt) during and after pregnancy

Levels of PCBs 
in feed (ppm)

No. of
dams/group PCB measurement

Mean values* for PCBs in offspring of different ages

Age (wk). . . 1 2 3 4 5

001 (control) 9 Total tissue concn (ppm) 
Concn based on fat (ppm) 
Total weight (/rg)

0-006 ±  0-001 
012 ±  0-06 
0 21 ±  0-03

0-010 ±  0-006 
018 + 0-07 
0-59 + 0-29

0-007 ±  0-005 
019 ±  0-06 
0-59 ±  0-37

0-005 ±  0-003 
0-17 ±  0-06 
0-68 ±  0-36

0-004 +  0-003 
020  +  014  
081 ±  046

0-94 12 Total tissue concn (ppm) 
Concn based on fat (ppm) 
Total weight (/ig)

0-96 + 0-23 
20 ±  9-4 
32 + 7-8

1-1 +  0-22 
15 + 3-4 
65 + 13

0-84 +  0-35 
2 5 + 1 1  
72 +  28

0-67 +  0-21 
26 + 3-8 
89 +  27

0-73 +  034  
25 + 4-8 

130 +  45

•Values are means ± SD. 
K.I

eft

Transfer of PC
B

 to foetal and neonatal m
ice



36 Y. M aslda. R. Kagawa. S. Tokidome and M. Kuratscne

Fig. 1. Gas chromatograms of Kanechlor-500 (A) and of 
PCBs from the whole-body homogenate (B) the liver (C), 
a foetus (D), and 2-wk-old (E) and 5-wk-old (F) offspring 
of mice fed 0-94 ppm PCBs in the diet from the begin­
ning of pregnancy. Peaks 1. 2 and 3 correspond to 
2,4,5,3'.4'-penta-, 2.4.5,2'.4',5'-hexa- and 2.3.4.2,4',5'-hexa- 
chlorobiphenyl, respectively.

in g es ted  a to ta l  o f  147 o r  1 8 6 /tg  P C B s o n  av erag e  
d u r in g  20 d a y s  o f  p re g n a n c y  a n d  1 o r  2 w k o f  la c ­
ta t io n . S ince  th e  to ta l  P C B  c o n te n t  o f  th e  li t te r  o f 
su ch  a d a m  a v e ra g e d  32 a n d  65 /jg  a t 1 a n d  2 wk. 
resp ec tiv e ly , a fte r b ir th  (T ab le  3), th e  a m o u n t o f P C B s 
in th e  1- a n d  2 -w k -o ld  o ffsp rin g  a c c o u n te d  fo r as 
m u ch  as 22 a n d  3 5 °0 o f  th e  to ta l  in ta k e  o f  th e  d a m .

G a s  c h ro m a to g ra m s  o f P C B s in th e  d a m s , fo e tu ses 
a n d  o ffsp rin g  o f  m ice  fed p e lle ts  c o n ta in in g  0-94 p p m  
P C B s a re  r e p ro d u c e d  in  F ig . 1. T h e  p e ak s  re c o rd e d

sh o w  th a t  th e  2 .4 ,5 .3 '.4 '-p en ta -. 2 ,4 .5 .2 '.4 '.5 '-h ex a  a n d  
2 .3 .4 .2 '.4 '.5 '-h ex a ch lo ro b ip h en y ls  w ere  th e  m a jo r  c o m ­
p o u n d s  in  th e  w h o le -b o d y  a n a ly se s  o f  a ll th ese  
g ro u p s , b u t th e  las t c o m p o u n d  w as th e  m a in  iso m er 
p re sen t in th e  m a te rn a l  liver.

DISCUSSION

T h ese  e x p e r im e n ts  sh o w ed  th a t ,  in  m ice. P C B s 
e n te r  th e  fo e tu ses th ro u g h  th e  p la c e n ta  in  re la tiv e ly  
sm a ll a m o u n ts  b u t a re  tra n s fe r re d  to  th e  o ffsp rin g  
a fte r b i r th  th ro u g h  th e  m ilk  in m u c h  la rg e r  q u a n ti t ie s .  
S im ila r  e x p e r im e n ta l re su lts  w ere  o b se rv e d  by  o th e rs  
in  s tu d ie s  o n  ra ts  (C urley . B u rse  &  G r im . 1973; 
M iz u n o y a . T a n ig u c h i. K u s u m o to . M o r ita .  Y a m a d a . 
B a b a  &  O g a k i. 1974; T a k a g i. O ta k e . K a ta o k a .  M u r-  
a ta , A b u ra d a . A k a sa k a . H a sh im o to . U d a  &  K ita u ra .
1976). a l th o u g h  p recise  c o m p a r is o n  o f  th ese  d a ta  is 
n o t feasib le  b e ca u se  o f  d ifferences in th e  s t r a in  o f  a n i­
m al used , in  th e  d e g ree  o f  c h lo r in a t io n  o f  th e  P C B s 
a n d  in th e  feed in g  c o n d itio n s . A c c o rd in g  to  o u r  c a lc u ­
la tio n s . th ese  s tu d ie s  in d ic a te d  P C B -tra n s fe r  ra tio s  
fro m  d a m  to  fo e tu ses a n d  to  o ffsp rin g  o f  0-03-0-2  a n d  
1 0 -2 0 °o, resp ec tiv e ly , o f  th e  a m o u n t in g ested . T h e  
c o r re sp o n d in g  figu res fro m  o u r  e x p e rim e n ts  w ere  
0-1-0-2  a n d  2 0 -35°„ . resp ec tiv e ly . T h u s , th e  figures 
sh o w  so m e  level o f  a g re e m e n t in  sp ite  o f  th e  d isc re ­
p a n c ie s  in  e x p e r im e n ta l c o n d itio n s . T h e  e x p e r im e n ta l 
c o n d it io n s  u sed  by M iz u n o y a  el at. (1974) w ere  very  
s im ila r  to  o u rs , in th a t  P C B s w ere  g iven  to  th e  a n i­
m als  in th e  d ie t fro m  th e  d ay  o f  in se m in a tio n , b u t 
th ey  used  ra ts  a n d  K a n e c h lo r-4 0 0  in s tea d  o f  m ice  a n d  
K a n e c h lo r-5 0 0  a n d  fo u n d  P C B  c o n c e n tra t io n s  in  th e  
fo e tu ses a n d  2 -w k -o ld  o ffsp rin g  to  b e  0-04 a n d
2-36 p p m . respec tive ly , w h en  a  d ie t c o n ta in in g  10 p p m  
K a n e c h lo r-4 0 0  w as g iven , w h ile  th e  c o r re sp o n d in g  
figu res e s tim a te d  fro m  o u r  e x p e r im e n t w ere  0-20 an d  
10 p p m . re sp ec tiv e ly , fo r a  d ie ta ry  level o f  8-4 p p m  
P C B s. (T h e  v a lu e  o f  10 p p m  w as o b ta in e d  by  a  ro u g h  
e x tra p o la t io n  o f  th e  figu re  o b ta in e d  w hen  0-94 p p m  
P C B s w as given.) T h u s , th e  c o n c e n tra t io n s  in  m ice  
w ere  a b o u t five tim e s  as g re a t as th o se  in ra ts , b u t 
th e  d ifference  m ay  h av e  b e en  d u e  a t least p a r tia l ly  
to  th e  d iss im ila rity  o f  th e  tw o  P C B  fo rm u la tio n s .

B a rso tti .  M a r la r  &  A llen  (1976) o b ta in e d  so m e  ev i­
d e n ce  o f  t r a n s p la c e n ta l  a n d  m a m m a ry  m o v e m e n t o f 
P C B s in m o n k ey s . T h e  c o n c e n tra t io n s  o f  P C B s in 
v a r io u s  tissu es o f th e  s t i llb o rn  in fan t o f  a  m o n k ey  
th a t  h a d  b e en  fed a  d ie t c o n ta in in g  P C B s a t a  level 
as low  as 5 p p m  w ere  m u ch  h ig h e r  th a n  th o se  in th e  
ro d e n ts , su g g e stin g  a  fa irly  la rg e  spec ies  v a r ia tio n  in 
th e  tra n s p la c e n ta l  m o v em e n t o f  P C B s. T h u s , o u r  
p re se n t fin d in g s  m ay  n o t  be  a p p lic a b le  to  m an . an d  
th e re  is an  u rg e n t n eed  fo r q u a li ta t iv e  a n d  q u a n t i t a ­
tive  d a ta  o n  th e  tra n s fe r  a n d  e x c re tio n  o f  P C B s in 
m an .
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Abstract—In Zambia there is a statutory requirement that visually diseased kernels should not consti­
tute more than 2% of maize intended for human consumption. Four samples of Zambian maize contain­
ing 1-8. 5-4, 13 0 and 20-3% visually diseased kernels were subjected to mycological and chemical 
analyses and to toxicity trials in ducklings and rats. For all the samples the dominant fungi isolated 
from surface-sterilized kernels were Fusarium  m oniliform e  Sheldon and D iplodia m acrospora  Earle, and 
the most prevalent fungus isolated from prepared maize meals was F. m oniliform e. The level of fungal 
invasion of both kernels and meal was significantly lower for the 1-8%-diseased sample than for the 
other three. Protein and essential amino acid content tended to increase as the level of diseased kernels 
increased None of the samples contained chemically detectable amounts of aflatoxins. ochratoxins. 
sterigmatocystin, cyclopiazonic acid or zearalenone. Although no samples were lethal to either ducklings 
or rats, body-weight gains were higher in male and female rats fed the 1-8%-diseased sample for 
6 months than in those given the other test diets, the difference being statistically significant in the 
males. Of seven pure cultures of fungi isolated from the maize samples, five, including F. m oniliform e  
and D. m acrospora, were acutely toxic to ducklings and rats. In view of the indications that unidentified 
Fusarium and Diplodia toxins present in Zambian maize containing more than 1-8% visually diseased 
kernels reduce the growth rate of rats fed such samples for 6 months, it is recommended that the 
2% maximum level of visually diseased kernels acceptable in Zambian maize for human consumption 
should be maintained.

INTRODUCTION

M o u ld y  m a iz e  h a s  b e en  r e p o r te d  to  c a u se  o u t ­
b re a k s  o f  m y c o to x ic o se s  in  a n im a ls  (M a ra s a s  &  S m a l­
ley, 1972; M iro c h a  &  C h ris te n se n , 1974; Sm alley , 
M a ra s a s , S tro n g , B a m b u rg , N ic h o ls  &  K o su r i,  1970; 
S m a lle y  &  S tro n g , 1974) a n d  m a n  (K r ish n a m a c h a r i ,  
B h a t, N a g a ra ja n  &  T ila k , 1975a,b). S ev e ra l to x ig en ic  
fung i h a v e  b e en  iso la te d  fro m  m aize , in  w h ic h  th e  
fo llo w in g  m y c o to x in s  h a v e  been  fo u n d  to  o c cu r 
n a tu ra lly :  a f la to x in s , o c h ra to x in , p en ic illic  ac id , k o jic  
ac id , z e a ra le n o n e , T -2  to x in  a n d  d e o x y n iv a le n o l (H es- 
se ltine , 1974; M iro c h a , P a th re ,  S c h a u e rh a m e r  &  
C h ris te n se n , 1976). T h e re  a re  a s  ye t n o  sensitive  
m e th o d s  fo r th e  a n a ly s is  o f  m o n ilifo rm in  p ro d u c e d  
by  Fusarium moniliforme S h e ld o n , th e  m o s t p re v a le n t 
fu n g u s  in  m a iz e  k e rn e ls  (C o le , K irk se y . C u tle r . D o u p -  
n ik  &  P e c k h a m , 1973). a n d  o th e r  m y c o to x in s  p ro ­
d u c e d  by  th is  spec ies  h a v e  n o t  b e en  c h em ica lly  c h a r ­
a c te r iz e d  (K e lle rm a n , M a ra s a s , P ie n a a r  &  N a u d é  
1972; M a ra s a s , K e lle rm a n , P ie n a a r  &  N a u d é , 1976). 
T h e  sam e  s itu a tio n  a p p lie s  to  Diplodia maydis (B erk .) 
Sacc. (M itch e ll, 1919; S teyn , W essels , H o lz ap fe l. P o t-  
g ie te r  &  L o u w . 1972; T h e ile r . 1927) a n d  c o n se q u e n tly  
it  h a s  n o t  b een  p o ss ib le  to  e s ta b lish  th e  n a tu r a l  o c c u r ­
rence  o f  th ese  F u s a r iu m  a n d  D ip lo d ia  m y c o to x in s  in 
m aize.

A c c o rd in g  to  c u r re n t  s ta n d a rd s  re la tin g  to  th e  c la ss i­
f ica tio n , q u a li ty  a n d  m o is tu re  c o n te n t  o f  m aize  in 
Z a m b ia , th e  m a x im u m  p e rc e n ta g e  o f  ‘d ise ased  g ra in ’ 
a c c e p ta b le  in  m a iz e  in te n d e d  fo r  h u m a n  c o n su m p tio n  
is 2 %  (R e p u b lic  o f  Z a m b ia , 1974). D u r in g  so m e 
se a so n s  th e  in c id e n c e  o f  c o b - ro t  o f  m a iz e  c a u se d  
m ain ly  b y  sp ec ie s  o f  D ip lo d ia  a n d  F u s a r iu m  is very

h ig h  (L o g an , 1974; M a c D o n a ld  &  R a e m a k e rs , 1974), 
re su ltin g  in th e  re je c tio n  o f  la rg e  q u a n ti t ie s  o f m aize. 
T h e  m a iz e -g ra d in g  re g u la tio n s  o f  o th e r  c o u n tr ie s  such  
a s  th e  U n ite d  S ta te s  o f  A m e ric a  (U n ite d  S ta te s  
D e p a r tm e n t  o f  A g ric u ltu re , 1970) a n d  th e  R e p u b lic  
o f  S o u th  A frica  (R e p u b lic  o f  S o u th  A frica , 1972) m a k e  
n o  p ro v is io n  fo r a  s e p a ra te  c a te g o ry  o f  d ise ased  k e r­
nels. M o u ld y  o r  d ise ased  k e rn e ls  a re  in c lu d e d  in  th e  
m a x im u m  p e rc e n ta g e  a llo w e d  fo r  g e n e ra lly  d a m a g e d  
k e rn e ls , a  s itu a tio n  th a t  lead s  to  a  w id e  v a r ia tio n  in 
th e  level o f  fu n g a l in v as io n  p re se n t  in  d iffe re n t lo ts  
o f m a iz e  w ith  th e  sam e  n u m e ric a l g rad e .

T h e  m a x im u m  p e rc e n ta g e  o f  fu n g a l in v a s io n  a c ­
c e p ta b le  in  m aize  fo r h u m a n  c o n s u m p tio n  m u s t be 
low  e n o u g h  to  e n su re  sa fe ty  fro m  m y c o to x in  c o n ta m i­
n a tio n  b u t  sh o u ld  a lso  be  h ig h  e n o u g h  to  be  rea lis tic  
in p ra c tic e  a n d  p re v e n t th e  u n n e c e ssa ry  re je c tio n  o f  
a  s ta p le  foodstu ff. T h e  m y co to x ic o lo g ic a l in v e s tig a ­
tio n s  r e p o r te d  in  th is  p a p e r  w ere  c o n d u c te d  in an  
a t te m p t  to  d e te rm in e  w h e th e r  th e  lim it o f  2%  ‘d is ­
eased  g ra in ’ specified  by th e  Z a m b ia n  m a iz e -g ra d in g  
re g u la tio n s  m ee ts  th ese  re q u ire m e n ts .

EXPERIMENTAL

Zambian maize samples. F o u r  2 0 -kg  sa m p le s  o f  
w h ite  d e n t m aize  g ro w n  in Z a m b ia  d u r in g  1974-1975  
w ere  o b ta in e d  fro m  M o u n t  M a k u lu  R e se a rc h  S ta tio n . 
C h ila n g a . Z a m b ia , a n d  g ra d e d  by th e  Z a m b ia n  F o o d  
C o n se rv a tio n  a n d  S to ra g e  U n it. T h e  levels o f  ‘d is ­
e a se d  g ra in ’ a s  d e te rm in e d  by v isua l in sp e c tio n  (m ass 
by m ass) w ere  1-8% in a  h a n d -h a rv e s te d  sam p le . 5-4 
a n d  13-0% resp ec tiv e ly  in tw o  c o m b in e -h a rv e s te d  
sam p les, a n d  20-3%  in a  sa m p le  fo rtified  w ith  h a n d -
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s o r te d  m o u ld y  g ra in s . M o is tu re  c o n te n t ,  d e te rm in e d  
by th e  M a rc o n i e le c tr ica l re s is tan c e  m e th o d  (R ep u b lic  
o f  S o u th  A frica. 1972). v a rie d  b e tw een  12 5 a n d  12-7%. 
T h e  h a n d -h a rv e s te d . 1-8% d ise ased , sa m p le  se rv ed  as 
a c o n tro l  fo r m y co lo g ica l a n d  to x ic o lo g ic a l c o m p a r i­
so n  w ith  th e  o th e r  sa m p le s  c o n ta in in g  m o re  th a n  2%  
d ise ased  kernels. T h is  p ro v id e d , fo r th e  to x ic o lo g ic a l 
s tu d ie s , a  c o n tro l  d ie t w h ich  w a s  c o m p a ra b le  w ith  
th e  te s t d ie ts  n o t  o n ly  in  th e  level o f  m a iz e  m ea l b u t 
a lso  in th e  ty p e  o f  m a iz e  u sed , a ll th e  d ie ts  b e in g  
b a se d  o n  m aize  o f  th e  sam e  c u lt iv a r  g ro w n  u n d e r  
th e  sam e  e n v iro n m e n ta l  c o n d it io n s . In  a d d it io n , th e  
1-8% d ise ased  sa m p le  h a d  a  lo w er level o f  fu n g a l in v a ­
sio n  th a n  c o m m e rc ia lly  a v a ila b le  m aize  a n d  th e  p e r­
c e n ta g e  o f  v isu a lly  d ise ased  k e rn e ls  w as w ith in  the  
s ta tu to ry  lim it.

M y c o lo g ic a l  a n a ly s e s  o f  m a iz e  sa m p le s . O n e  
h u n d re d  k e rn e ls  fro m  each  sa m p le  w ere  su rfa ce -s te r i­
lized  in a  c o m m e rc ia l 5%  a q u e o u s  so lu tio n  o f  so d iu m  
h y p o c h lo r i te  fo r 1 m in . r in se d  tw ice  w ith  s te r ile  w a te r  
a n d  p la te d  o u t  (five k e rn e ls /p la te )  o n  1-5% m alt- 
e x tra c t a g a r  c o n ta in in g  100 m g n o v o b io c in /li tre  
(T u ite . S h a n e r. R a m b o . F o s te r  &  C a ld w ell. 1974). T h e  
p la te s  w ere  in c u b a te d  a t  2 5 ° C  in th e  d a rk  a n d  the  
n u m b e rs  a n d  k in d s  o f  fung i th a t  d e v e lo p e d  fro m  th e  
ke rn els , a s  w ell a s  th e  p e rc e n ta g e  g e rm in a tio n , w ere  
re c o rd e d  a fte r  5 -7  days. In  a d d it io n , sa m p le s  o f  the  
d ifferen t b a tc h e s  o f  m a iz e  w ere  g ro u n d  in  a  la b o ra ­
to ry  m ill a n d  th e  m y co flo ra  o f  th e  re su ltin g  m eal 
sa m p le s  w as d e te rm in e d  q u a n ti ta t iv e ly  b y  a  d ilu tio n  
p la te  m e th o d  e sse n tia lly  s im ila r  to  th a t  o f  C h ris te n se n  
(1946). ex cep t th a t  th e  iso la t io n  m e d iu m  u se d  w as 
1-5% m a lt-e x tra c t  a g a r  c o n ta in in g  n o v o b ic c in . M o is ­
tu re  c o n te n t  o f  th e  m eal sa m p le s  w a s  d e te rm in e d  by 
d ry in g  th e  sa m p le s  to  c o n s ta n t  m ass  in  a  fo rc e d -d ra ft 
o v en  a t  103; C  a n d  m o u ld  c o u n ts  w ere  c a lc u la te d  o n  
a  d ry  m ass  basis.

C h e m ic a l a n a ly s is  o f  m a iz e  sa m p le s  f o r  m y c o to x -  
ins. T h e  m aize  sa m p le s  w ere  a n a ly se d  fo r a fla to x in s . 
o c h ra to x in s  a n d  s te r ig m a to c y s tin  a c c o rd in g  to  th e  
m e th o d s  d e sc rib e d  in  th e  O fficia l M e th o d s  o f  A n a ly sis  
o f  th e  A m e ric an  A sso c ia tio n  o f  A n a ly tic a l C h e m ists  
(H o rw itz , 1975).

T h e  a n a ly tic a l  m e th o d  fo r c y c lo p ia z o n ic  a c id  in ­
vo lv ed  d ry in g  a  c h lo ro fo rm -m e th a n o l  (1 :1 . v/v) 
e x tra c t o f  a  50-g sa m p le , p a r ti t io n in g  th e  re s id u e  
be tw een  c h lo ro fo rm  a n d  0 1  M -sodium  b ic a rb o n a te  
so lu tio n , re m o v in g  th e  a lk a lin e  p h a se  a n d  ac id ify in g  
it  to  p H  3 w ith  cone. HC1 a n d  su b je c tin g  its  c h lo ro ­
fo rm  e x tra c t  to  p a p e r  c h ro m a to g ra p h y  u sin g  b en zen e  
a s  th e  d e v e lo p in g  so lven t. C y c lo p ia z o n ic  a c id  w as 
th e n  v isu a liz ed  a s  a  m au v e  sp o t a t  R F 0-4 by  s u b ­
se q u e n t sp ra y in g  w ith  cone. HC1 a n d  1 .4 -d im ethy l- 
a m in o b e n z a ld e h y d e .

Z e a ra le n o n e  w as a ssa y e d  in th e  m aize  sa m p le s  a n d  
in c u ltu re  m a te ria l o f  F. g r a m in e a r u m  S ch w ab e  
a c c o rd in g  to  th e  m e th o d  o f  T h o m a s , E pp ley  &  T ru c k -  
sess (1975). T h e  id e n ti ty  o f z e a ra le n o n e  in  p o sitiv e  
e x tra c ts  w a s  c o n f irm e d  b y  c o m p a r is o n  w ith  a n  a u th ­
e n tic  z e a ra le n o n e  s ta n d a rd  k in d ly  su p p lie d  by  D r.
C. J. M iro c h a , U n iv e rs ity  o f  M in n e so ta , a n d  by  U V  
s p e c tro p h o to m e try  o f  p u rif ie d  e x tra c ts  (M iro c h a . 
S c h a u e rh a m e r  &  P a th re .  1974).

A m in o  a c id  a n d  p ro te in  a n a ly s e s . A p p ro x im a te ly  
25 m g o f  th e  finely  g ro u n d  sa m p le s  w e re  h y d ro ly se d  
w ith  2 m l 1:1 HC1 in  sea led  tu b e s  u n d e r  v a c u u m  fo r

22  hr. T h e  h y d ro ly sa te s  w ere  d r ie d  u n d e r  v a c u u m  
o v e r so lid  P 20 5 a n d  N a O H  a n d  w ere  th en  ta k e n  up  
in  1 0  m l p H  2-2 buffer a n d  c le a re d  by  c en trifu g in g . 
A p p ro p r ia te  a liq u o ts  o f  th e  c le a r  so lu tio n s  w ere  a n a ­
ly sed  o n  a  B e ck m an  1 2 0 C  a n a ly se r  a n d  th e  re su lts  
w ere  c a lc u la te d  o n -lin e  by  a  H e w le t t -P a c k a rd  3352 B 
c o m p u te r  a f te r  c a lib ra tio n  o f  th e  sys tem  w ith  P ie rce  
a m in o  a c id  s ta n d a rd  H  (b a tc h  07105.17). T ry p to p h a n  
c o u ld  n o t  be  d e te rm in e d  o w in g  to  d e s tru c tio n  d u r in g  
th e  a c id  n y d ro ly sis . P ro te in  v a lu e s  (K je ld a h l 
n itro g e n  x  6-25) a n d  m o is tu re  c o n te n t  w ere  a lso  
d e te rm in e d  a n d  a ll re su lts  w ere  ex p ressed  o n  a  d ry - 
m ass  basis.

T o x ic i t y  tr ia l  in  d u c k lin g s . E ach  o f  th e  m aize  
sa m p le s  w a s  g ro u n d  in a  la b o ra to ry  m ill a n d  ra tio n s  
w ere  p re p a re d  by  m ix in g  90%  m aize  m ea l w ith  10% 
P V M  su p p le m e n t (D re y e r &  D u  B ru y n . 1968). T h e  
d ie ts  c o n ta in in g  th e  d ifferen t m a iz e  m ea ls  w e re  fed 
a d  lih. to  g ro u p s  o f  fo u r  d a y -o ld  P e k in  d u c k lin g s  fo r 
14 d ays, a n d  th e  d u c k lin g s  w ere  w e ig h ed  a t  th e  b e g in ­
n in g  a n d  a t  th e  en d  o f  th e  feed ing  pe rio d .

T o x i c i t y  tr ia l  in ra ts . D ie ts  c o n ta in in g  th e  d ifferen t 
sa m p le s  o f  m a iz e  m ea l w ere  fed a d  lih . to  g ro u p s  o f 
six m ale  a n d  six fem a le  w e an lin g  in b re d  B D  IX  b lack  
ra ts  fo r 6 m o n th s . E ach  d ie t c o n ta in e d  9 0 %  m aize  
m ea l a n d  10% P V M  su p p le m e n t (D re y e r  &  D u  
B ru y n , 1968) fo r  th e  first 14 w eeks o f  th e  e x p e rim e n t, 
b u t  th e  10%  P V M  su p p le m e n ta tio n , re g a rd e d  a s  th e  
m in im a l re q u ire m e n t fo r a d e q u a te  m a in te n a n c e , 
re su lte d  in th is  c ase  in p o o r  w e ig h t g a in s , a n d  th e  
level o f  P V M  w as th e re fo re  in c re a se d  to  20%  fo r th e  
rest o f  th e  e x p e rim e n t. F e e d  c o n su m p tio n  w as d e te r ­
m in e d  o v e r a  7 -d ay  p e r io d  a fte r th e  ra ts  h a d  been  
fed th e  m a iz e  d ie ts  fo r  17 w k. T h e  ra ts  w ere  w eig h ed  
in d iv id u a lly  a t  th e  b e g in n in g  o f  th e  e x p e r im e n t a n d  
a t  w eek ly  in te rv a ls  th e re a fte r , ex cep t d u r in g  th e  
p e r io d  o f  th e  fe ed -c o n su m p tio n  d e te rm in a tio n , w hen  
th ey  w ere  w eig h ed  daily .

A t th e  e n d  o f  th e  feed ing  p e r io d  a ll th e  r a ts  w ere  
k illed  b y  d e c a p ita tio n  a n d  su b je c ted  to  a u to p sy . 
O rg a n s  a n d  tissu es, in c lu d in g  th e  liver, k id n ey , lung , 
h e a r t ,  b ra in , o e so p h a g u s , s to m a c h , sm all a n d  la rg e  
in te s tin e , a d re n a l  a n d  re p ro d u c tiv e  o rg a n s , w ere  p re ­
se rv ed  in  10%  b uffered  fo rm a lin . P a ra ff in  se c tio n s  
s ta in e d  w ith  n a e m a to x y lin  a n d  e o sin  w ere  e x a m in e d  
b y  lig h t m ic ro sc o p y .

T o x i c i t y  tr ia ls  w ith  p u re  c u l tu r e s  o f  fu n g i . T h e  a c u te  
o ra l  to x ic ity  o f  seven species o f  fung i iso la te d  fro m  
th e  m aize  sa m p le s  w as d e te rm in e d  in th e  d u c k lin g  
a n d  ra t. Y e llo w -m aize  k e rn e ls  (400 g k e rn e ls  in 400  m l 
w a te r)  w ere  a u to c la v e d  in 2 -litre  g lass  ja r s  a t  1 2 1 C  
fo r  1 h r  o n  e ach  o f  tw o  c o n se c u tiv e  d a y s  a n d  w ere  
th en  in o c u la te d  w ith  c o n id ia l su sp e n s io n s  o f  o n e  o f  
th e  fo llo w in g  fu n g i: D . m a c r o sp o r a  E arle , D . m a y á is .  
F. g r a m in e a r u m  S ch w ab e, F. m o n ili fo rm e . F. m o n ili-  

f o r m e  S h e ld o n  var. s u b g lu t in a n s  W r. &  R ein k .. F. eq u i-  
se ti (C o rd a )  Sacc. a n d  N ig r o s p o r a  s p h a e r ic a  (Sacc.) 
M a so n . T h e  m aize  in o c u la te d  w ith  th e  tw o  D ip lo d ia  
spec ies  w a s  in c u b a te d  a t  25°C  fo r 8 w k  (M itch e ll. 

i 1919; T h e ile r , 1927). T h e  F. g r a m in e a r u m  c u ltu re s  
w ere  in c u b a te d  a t  25°C  fo r 2 w k fo llo w ed  by  6 w k 
a t  12°C  (M iro c h a  &  C h ris te n se n . 1974). C u ltu re s  o f 
a ll th e  o th e r  fungi w ere  in c u b a te d  a t  25°C  fo r 3 w k. 
A fter th e  re q u ire d  in c u b a tio n  p e rio d , th e  c o n te n ts  o f  
th e  ja r s  w ere  h a rv e s te d , d r ie d  a t  50 C  fo r 24  h r. 
g ro u n d  in  a  la b o ra to ry  m ill a n d  s to re d  in a  c o ld  ro o m
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u n til  u s e d  D ie ts  c o n ta in in g  50 %  c o m m e rc ia l ch ic k en  
m a sh  a n d  50%  m o u ld y  m ea l p re p a re d  fro m  c u ltu re s  
o f  th e  re sp ec tiv e  fu n g i o n  a u to c la v e d  m a iz e  w ere  fed 
a d  lib. to  g ro u p s  o f  fo u r  d a y -o ld  P e k in  d u c k lin g s  fo r 
14 d ays. S im ila r  d ie ts  c o n ta in in g  50%  c o m m e rc ia l  r a t  
m ash  w e re  fed  to  g ro u p s  o f  fo u r  w e a n lin g  m a le  W is ta r  
r a ts  fo r 14 d ays. C o n t ro l  d ie ts  c o n s is te d  o f  50%  m aize  
m ea l p re p a re d  f ro m  u n in o c u la te d , a u to c la v e d  ye llow  
m aize  a n d  50%  c h ic k e n  m a sh  o r  r a t  m ash .

RESU LTS

M y c o lo g ic a l  a n a ly s e s  o f  m a iz e  sa m p le s

T h e  d o m in a n t  fu n g i iso la te d  f ro m  su rfa ce -s te rilize d  
k e rn e ls  o f  th e  fo u r  Z a m b ia n  m a iz e  sa m p le s  w ere  F. 
m o n ili fo rm e  a n d  D . m a c r o sp o r a  (T ab le  1). O th e r  fung i 
p re se n t  to  a  lesse r e x te n t w ere  N .  sp h a e r ic a , F . m o n ili­

f o r m e  var. su b g lu tin a n s , F . g r a m in e a r u m , F . e q u is e t i,
D . m a y d is  a n d  D r e c h s le r a  m a y d is  (N is ik a d o )  S u b ra m . 
&  J a in  (T ab le  1). T h e  p e rc e n ta g e  o f  k e rn e ls  f ro m  
w h ic h  fung i w ere  iso la te d  w a s  s ig n ifican tly  less 
(P  <  0  05 ) in  th e  1 -8% -diseased  sa m p le  th a n  in  th e  
o th e r  th re e  sam p les. T h is  w a s  d u e  to  a  lo w e r v a lu e  
fo r  th e  c o m b in e d  p re v a le n c e  o f F u s a r iu m  a n d  D ip lo -  
d ia  in fec tio n  in  th is  sa m p le  (T ab le  1).

T h e  p re d o m in a n t  fu n g u s  in  th e  m aiz e -m ea l sa m p le s  
w a s  F . m o n ili fo r m e  a n d  th e  o n ly  o th e r  fung i iso la te d  
fro m  th e  m ea l w ere  C e p h a lo s p o r iu m  a c r e m o n iu m

C o rd a  a n d  A sp e rg illu s  a n d  P é n ic illiu m  spec ies  (T ab le  
2). B o th  th e  F u s a r iu m  c o u n ts  a n d  to ta l  fu n g a l c o u n ts  
o f  th e  1 -8% -diseased  sa m p le  w ere  s ig n if ic a n tly  lo w er 
(P  <  0  05) th a n  th o se  o f  th e  o th e r  th re e  m ea l sam p les  
(T ab le  2).

C h e m ic a l a n a ly s is  f o r  m y c o to x in s

N o n e  o f  th e  fo u r m a iz e  sa m p le s  c o n ta in e d  c h e m i­
ca lly  d e te c ta b le  levels o f  a f la to x in s , o c h ra to x in , s te rig - 
m a to c y s tin , c y c lo p ia z o n ic  a c id  o r  z e a ra le n o n e .

P r o te in  a n d  a m in o  a c id  a n a ly s e s

T h e  1-8% -diseased sa m p le s  h a d  a  lo w e r p ro te in  
c o n te n t  a n d  lo w er levels o f  a ll e sse n tia l a m in o  a c id s  
th a n  th e  5-4%  d ise ased  sa m p le  (T ab le  3). T h e  h ig h e s t 
c o n c e n tra t io n s  o f  p ro te in  a n d  o f  a ll a m in o  ac id s  
a s sa y e d  w ere  fo u n d  in  th e  sa m p le  th a t  c o n ta in e d  th e  
h ig h e s t level (20-3% ) o f  d ise a se d  kernels.

T o x i c i t y  tr ia l  in  d u c k l in g s

D ie ts  c o n ta in in g  th e  d iffe re n t m a iz e  sa m p le s  c a u se d  
n o  d e a th s  o r  s ig n ifican t d ifferen ces in  m ea n  b o d y - 
w e ig h t g a in  w h en  fed to  d a y -o ld  d u c k lin g s  fo r 14 
days.

T o x i c i t y  tr ia l  in  r a ts

N o  d e a th s  o c c u rre d  d u r in g  th e  e n tire  6 -m o n th  feed ­
in g  p e rio d , b u t  m a rk e d  re d u c tio n s  in  b o d y -w e ig h t

Table 1. Mycological analysis of maize kernels

Fungus

Percentage of kernels infected* in samples with 
visually diseased kernels constituting

1-8% 5-4% 130% 20-3%

Fusarium moniliforme 17 30 17 23
F. moniliforme var. subglutinans 0 1 0 1
F. graminearum 1 2 2 2
F. equiseti 2 0 2 0

Total Fusarium spp... 20 33 21 26
Diplodia spp.t 8a 19“b 31b 29b
Nigrospora sphaerica 5 6 15 12
Drechslera maydis 0 1 1 1

Total fungi... 33c 59d 68“ 68d
Germination (%)... 78 72 63 62

*Based on 100 surface-sterilized kernels/sample. Values appearing in one row and carrying different 
superscripts are significantly different (P <  0-05) according to the Newman-Keuls D-test (Snedecor 
& Cochran. 1967). Means in rows with no letters are not significantly different. 

tMainly D. macrospora and to a lesser extent D. maydis.
Table 2. Mycological analysis of maize meal samples

Fungus

Propagules/g dry mass (x  10*)* in maize samples 
with diseased kernels constituting

1-8% 5-4% 13 0% 20-3%

Fusarium spp.t 10a 160b 19-2bc 24-8c
Cephalosporium acremonium 0-6 2-4 3-0 4-4
Aspergillus spp. 1-0 0-6 0-2 0-6
Pénicillium spp. 2-6 2-2 10 2-2

Total... 5-2“ 21-2“ 23-4' 32-0'

*Each value represents the mean of five dilution plates. Means appearing in one 
row and carrying different superscripts differ significantly (P < 005) according to 
the Newman-Keuls D-test (Snedecor & Cochran. 1967). Means in rows with no 
letters are not significantly different.

tMainly F. moniliforme and to a lesser extent F. moniliforme var. subglutinans.
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Table 3. Amino acid and protein content of maize samples

Content (g/lOOg dry mass) in maize sam 
diseased kernel constituting

iples with

Component 1-8% 5-4% 13-0% 20-3%

Essential amino acids
Histidine 0-25 0-27 0-26 0-31
Lysine 0-26 0-27 0-27 0-32
Phenylalanine 0-33 0-36 0-33 0-40
Methionine 0-12 016 014 0-17
Threonine 0-27 0-29 0-28 0-31
Leucine 0-83 0-93 0-84 1-02
Isoleucine 0-24 0-25 0-23 0-28
Valine 0-34 0-37 0-36 0-40

Semi-essential amino acids
Arginine 0-43 0-44 0-44 0-54
Tyrosine 0-28 0-31 0-29 0-33
Cystine 0-17 0-19 0-14 0-18
Glycine 0-29 0-32 0-32 0-34

Non-essential amino acids
Serine 0-36 0-38 0-37 0-42
Glutamic acid 1-34 1-45 1-33 1-58
Aspartic acid 0-49 0-52 0 51 0-59
Alanine 0-48 0-52 0-49 0-57
Proline 0-80 0-74 0-78 0-88

Protein 7-94 8-24 8-07 8-76

Analyses were performed by the Division of Food Chemistry, National Food Research 
Institute, C.S.I.R.. Pretoria.

g a in  w ere  e v id e n t in  m ale  a n d  fem ale  r a ts  fed e ith e r  
th e  13 0% - o r  2 0 -3% -d iseased  m a iz e  (T ab le  4). In  a d d i ­
t io n . th e  m ean  w e ig h t g a in  o f  m a le s  fed th e  1 -8% -dis- 
e a sed  (c o n tro l)  sa m p le  w as s ig n ifican tly  h ig h e r 
(P  <  0 0 5 )  th a n  th a t  o f  th e  g ro u p  rece iv in g  th e
5-4° „-d iseased  o r  m o re  severe ly  a ffec ted  m aize. 
A lth o u g h  th e  g ro w th  ra te s  o f  fem ales rece iv in g  o n e  
o f  th e  th ree  m o re  severe ly  d ise a se d  ty p es  o f  m aize  
w ere  a lso  re d u c e d  c o m p a re d  w ith  th e  ra te  in  th e  
1 -8% -d iseased  g ro u p , th ese  d ifferen ces w ere  n o t  sig ­
n ifican t. N o  s ig n ifican t d ifferen ces in  feed  c o n s u m p ­
tio n  a n d  feed effic iency w ere  e v id e n t in  e ith e r  m ale  
o r  fem ale  r a ts  fed th e  d iffe re n t m aize  sa m p le s  (T ab le
5). N o  h is to p a th o lo g ic a l  d ifferen ces w ere  n o te d  
b e tw een  th e  g ro u p  rece iv in g  1-8% -d iseased  m aize  a n d  
a n y  o f  th e  te s t g ro u p s .

T o x i c i t y  tr ia ls  w ith  p u r e  c u l tu r e s  o f  f u n g i

T h e  re su lts  o f  tox ic ity  te s ts  in g ro u p s  o f  fo u r d u c k ­
lings o r  ra ts  fed p u re  c u ltu re s  o f  o n e  o f  seven spec ies  
o f  fung i iso la te d  fro m  th e  Z a m b ia n  m aize  sa m p le s  
a re  g iv en  in T a b le  6. O n e  o f  th e  p re d o m in a n t  fungi 
in a ll th e  Z a m b ia n  m a iz e  sam p les. D. m a c r o sp o r a . 
p ro v e d  to  be  e x tre m e ly  to x ic  a n d  c a u se d  th e  d e a th s  
o f  a ll fo u r  d u c k lin g s  a n d  a ll fo u r  r a ts  w ith in  8 days.
D . m a y d is  a n d  F . g ra m ir te a ru m  w ere  a lso  a c u te ly  to x ic  
to  b o th  d u c k lin g s  a n d  ra ts . T h e  d o m in a n t  F u s a r iu m  
spec ies  in  th e  Z a m b ia n  m aize , F . m o n ili fo rm e , to g e th e r  
w ith  i ts  v a rie ty  su h g lu tin a r ts . a p p e a re d  to  be  m o re  
to x ic  to  d u c k lin g s  th a n  to  ra ts , b u t b o th  fungi c a u se d  
m a rk e d  w e ig h t lo sses in  r a ts  fed th e  p u re  c u ltu re  
m a te ria l fo r 14 d ays. T w o  o f  th e  fungi tes te d , F. eq u i-  
s e t i a n d  N . sp h a e r ic a . sh o w e d  n o  to x ic ity  to  e ith e r  
d u c k lin g s  o r  ra ts .

T h e  to x ic  c u ltu re  m a te ria l o f  F. g ra m ir te a ru m  (M R C  
120) c o n ta in e d  a p p ro x im a te ly  1 g z e a ra le n o n e /k g . T h e  
c h em ica l n a tu re  o f  th e  m y c o to x in s  p ro d u c e d  by  th e

to x ic  s tra in s  o f  F . g ra m ir tea ru m , F . m o n ili fo rm e . F. 
m o n ili fo r m e  var. s u b g lu t in a n s  a n d  D. m a c r o sp o r a  is 
u n d e rg o in g  fu r th e r  in v es tig a tio n .

DISCUSSION

In  a ll fo u r  sa m p le s  o f  Z a m b ia n  m aize , th e  p e rc e n t­
a g e  o f  su rfa ce -s te r ilize d  k e rn e ls  fro m  w h ic h  fung i w ere  
iso la te d  (3 3 -6 8 % ) w a s  m u ch  h ig h e r  th a n  th e  p e rc e n t­
ag e  o f  v isu a lly  d ise ased  k e rn e ls  (1 -8—20-3%). S everal 
in v e s tig a to rs  h a v e  p re v io u s ly  re p o r te d  th a t  v isu a lly  
so u n d  m aize  k e rn e ls  m ay  be in fec ted  in te rn a lly  by  
se e d -b o rn e  F u s a r iu m  spec ies  (E d w ard s , 1941; F u tre ll .  
1972; L illeh o j, F e n n e ll &  H a ra ,  1975; T u ite  e t  al. 
1974). In  th e  Z a m b ia n  sa m p le s  a  lin e a r  r e la tio n s h ip  
w a s  fo u n d , h o w e v er, b e tw een  th e  p e rc e n ta g e  o f  
v isu a lly  d ise a se d  k e rn e ls  a n d  th e  p e rc e n ta g e  o f  k e rn e ls  
f ro m  w h ich  fungi c o u ld  be  iso la te d  (r  =  0-82; 
P  <  0-05). T h e  p e rc e n ta g e  o f  v isu a lly  d ise ased  k e rn e ls

Table 4. Body-weight gains of rats fed diets containing dif­
ferent maize samples for 6 months

Diet*
(% of diseased kernels in 

maize sample)

Mean body-weight gain (g)t

Males Females

1-8 (control) 243-2* 138-6'
5-4 213-8b 134-5C
13-0 198 8b 120 2C
20-3 199-8b 1210'

‘ Diets contained 90% maize meal and 10% PVM supple­
ment for the first 14 wk of the experiment and subse­
quently 80% maize meal and 20% PVM. 

tValues are means for groups of six rats. Means in a single 
column carrying different superscripts differ significantly 
(P < 0-05) according to the Newman-Keuls D-test (Sne- 
decor & Cochran, 1967).
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Table 5. F eed consum ption , body-w eigh t ga in  and fe e d  e ffic iency  o f  ra ts  f e d  d ie ts  con ta in ing  d ifferent
m aize  sam ples f o r  17 wk

Diet*
(% of diseased kernels 

in maize sample)

Mean feed consump­
tion (g/rat/day)

Mean body-weight 
gain (g/rat/day) Feed efficiencyt

Males Females Males Females Males Females

1-8 (control) 14-3 9-0 2-1 0-7 0-149 0-075
5-4 13-1 9-6 1-4 0-6 0-107 0-070
13-0 12-5 10-0 2-3 1-1 0-187 0-110
20-3 12 9 9-7 1-8 1-1 0144 0-117

‘ Diets contained 80% maize meal and 20% PVM supplement when these data were recorded over 
a 7-day period after the rats had been on maize diets for 17 wk. 

tBody-weight gain/food consumption.
Values which are means for groups of six rats, do not differ significantly (P <  0 05) according to 

the Newman-Keuls D-test (Snedecor & Cochran, 1967).

Table 6. T o x ic ity  tria ls in g roups o f  fo u r  ducklings and  o f  fo u r  ra ts  f e d  pure cu ltures o f  fu n g i iso la ted  fr o m  Z am bian
m aize

Fungal component of diet*
Isolate

no.

Mean body-weight 
gaint (g) No. of deaths!

Mean time of death 
(days)

Ducklings Rats Ducklings Rats Ducklings Rats

D iplodia m acrospora MRC 143 — — 4 4 5-0 7-0
D. m aydis MRC 141 — — 4 4 6-0 12-5
F usarium  gram inearum MRC 120 — -11-0 4 2 6-75 13 5
F. m oniliform e MRC 137 30 -37-8 2 1 6-0 14-0
F. m oniliform e  var. suhg lu tinans MRC 134 — — 11-3 4 0 6-25 —
F. equiseti MRC 126 124 44-0 0 0 — —
N igrospora  sphaerica MRC 147 174 41-3 0 0 — —
— (control) — 157 33-8 0 0 — —

‘ Diets contained 50% mouldy meal prepared from pure cultures of the named fungi on autoclaved maize kernels, 
or 50% autoclaved, uninoculated maize meal in the case of the control group, and 50% commercial chicken feed 
or rat mash as appropriate.

tM ean body-weight gains from day 1 to 14 for test groups of four day-old ducklings or four weanling male rats. 
^Numbers of animals that died within 14 days out of a group of four ducklings or four rats.

w a s a ls o  in v e rse ly  re la te d  to  th e  p e rc e n ta g e  g e rm in a ­
tio n  (r =  —0-94; P <  0-05).

T h e  d o m in a n t  fu n g i iso la te d  f ro m  th e  m a iz e  k e rn e ls  
w ere  F . m o n ili fo r m e  a n d  D ip lo d ia  species, w h ile  th e  
m o s t  p re v a le n t  fu n g u s  iso la te d  fro m  th e  m ea l p re ­
p a re d  f ro m  th ese  k e rn e ls  w a s  F . m o n ilifo rm e . I t  is n o t  
c le a r  w h y  th e  D ip lo d ia  sp ec ie s  a n d  so m e  o th e r  fungi 
f re q u e n tly  iso la te d  f ro m  th e  k e rn e ls  w ere  n o t  re ­
c o v e re d  f ro m  th e  m eal. T h e  m illin g  p ro c ess  p ro b a b ly  
fa v o u re d  th e  iso la t io n  o f  h ig h ly -s p o ru la t in g  fung i 
su ch  a s  F. m o n il i fo r m e  a n d  p o ss ib ly  re su lte d  in  th e  
re le ase  o f  se lf- in h ib itin g  fa c to rs  b y  th e  m a c e ra te d  
m y ce liu m  o f  o th e r  fu n g i su c h  a s  D ip lo d ia  (K e n t, 
1940). B o th  is o la t io n  m e th o d s , h o w e v er, in d ic a te d  a  
s ig n ific a n tly  lo w e r level o f  fu n g a l in v a s io n  o f  th e  
1 -8% -diseased  m a iz e  c o m p a re d  w ith  th e  o th e r  th re e  
sam p les.

A lth o u g h  n o n e  o f  th e  sa m p le s  w e re  le th a l to  e ith e r  
d u c k lin g s  o r  ra ts , m a le  a s  w ell a s  fem a le  r a ts  fed th e  
1 -8% -diseased sa m p le  fo r 6 m o n th s  sh o w e d  h ig h e r 
b o d y -w e ig h t g a in s  th a n  th e  th re e  te s t g ro u p s . In  th e  
c ase  o f  m a le  ra ts , th e  d ifference  b e tw ee n  th e  w e ig h t 
g a in s  o f  r a ts  m a in ta in e d  o n  th e  l-8% - a n d  5-4% -dis- 
ea sed  sa m p le s  w a s  s ta tis tic a lly  s ig n if ic a n t  T h e  
g ro w th - re ta rd in g  effect o f  th e  sa m p le s  c o n ta in in g
5-4%  a n d  m o re  d ise a se d  k e rn e ls  c a n n o t  b e  a t t r ib u te d  
to  re d u c e d  fe ed  in ta k e  b e ca u se  o f  u n p a la tib i l i ty  (T a b le  
5) o r  to  d ifferen ces b e tw ee n  th e  m a iz e  sa m p le s  in

te rm s  o f  a m in o  a c id  o r  p ro te in  c o m p o s it io n  (T ab le
3). T h e  re la tiv e  in c re ases  in  th e  a m in o  a c id  a n d  p r o ­
te in  leve ls  o f  th e  sa m p le s  t h a t  c o n ta in e d  m o re  th a n  
1-8% d ise a se d  k e rn e ls  w ere  p re su m a b ly  d u e  to  th e  
m e ta b o lic  a c tiv ity  o f  th e  k e rn e l- in v a d in g  fung i, b u t 
even  if th e  d ig es tib ility  a n d  n u tr it iv e  v a lu e  o f  th is  p ro ­
te in  w ere  re d u c e d  (M itch e ll &  B ead les , 1940), th ese  
d ifferences w o u ld  h a v e  b e en  m a sk e d  by  th e  P V M  s u p ­
p lem e n t. S ince  n o n e  o f  th e  sa m p le s  c o n ta in e d  c h e m i­
ca lly  d e te c ta b le  levels o f  five k n o w n  m y c o to x in s  o r  
in d u c e d  s tru c tu ra l  c h a n g e s  in  th e  o rg a n s  o f  th e  ra ts , 
th e  d ifferences in  g ro w th  ra te  w ere  p ro b a b ly  n o t  
c a u se d  b y  a n y  o f  th ese  k n o w n  m y co to x in s . T h e  p o ss­
ib le  p re sen c e  o f  very  lo w  levels o f  k n o w n  m y c o to x in s  
in  th ese  sa m p le s  c a n n o t  b e  e x c lu d e d  a lto g e th e r ,  h o w ­
ever, b e ca u se  h a n d -s o r te d  F u s a r iu m -in fe c te d  Z a m ­
b ia n  m a iz e  k e rn e ls  h a v e  in  fa c t b e en  fo u n d  to  c o n ta in  
z e a ra le n o n e  as well a s  d e o x y n iv a le n o l (M a ra sa s , 
K rie k , v a n  R e n sb u rg , S te y n  &  v a n  S c h a lk w y k , 1977) 
a n d  sen sitiv e  a n a ly tic a l m e th o d s  a re  n o t yet a v a ila b le  
fo r th e  d e te c tio n  o f  m o n ilifo rm in  in  n a tu ra l  p ro d u c ts  
(C o le  e t  a l. 1973).

S ev e ra l fung i ( in c lu d in g  th e  tw o  m o s t  p re v a le n t 
s e e d b o m e  fung i, F. m o n ili fo r m e  a n d  D . m a c r o sp o r a )  
iso la te d  f ro m  Z a m b ia n  m a iz e  w ere  a c u te ly  to x ic  to  
e x p e r im e n ta l a n im a ls  (T a b le  6). T h e  m y c o to x in s  p ro ­
d u c e d  by  th ese  fung i h a v e  n o t  y e t b een  c h a ra c te riz e d  
c h em ica lly  a n d  c o u ld  n o t  b e  a ssa y e d  in  th e  m aize



44 W. F. O. M a r a s a s , N. P. J. K r ie k , M. S t e y n , S. J. v a n  R e n s b u r g  and D. J. v a n  S c h a l k w y k

sam p les. If th ese  u n k n o w n  m y c o to x in s  w ere  p re se n t 
in th e  n a tu ra lly  in fec ted  m aize , th e ir  m e c h a n ism  of 
a c tio n  m u s t  h a v e  b een  su ch  th a t  it  d id  n o t  in d u ce  
h is to p a th o lo g ic a l  c h a n g e s  in ra ts .

T h e  re su lts  o f  th ese  in v e s tig a tio n s  su g g est th a t  u n ­
id en tified  F u s a r iu m  a n d  D ip lo d ia  m y c o to x in s  p re se n t 
in m aize  g ro w n  in Z a m b ia  in th e  1974-1975  se a so n  
a n d  c o n ta in in g  m o re  th a n  I -8%  v isu a lly  d ise a se d  k e r­
nels re d u c e d  th e  g ro w th  ra te  o f  ra ts , p a r tic u la r ly  
m ales, fed o n  th ese  m aize  sa m p le s  fo r  6 m o n th s . C o n ­
se q u e n tly  it c a n n o t  be  re c o m m e n d e d  th a t  th e  s ta tu ­
to ry  m a x im u m  a c c e p ta b le  level o f  v isu a lly  d ise ased  
k e rn e ls  in Z a m b ia n  m aize  sh o u ld  be  in c re a se d  a b o v e  
2% . M a c D o n a ld  &  R a e m a k e rs  (1974) s im ila rly  c o n ­
c lu d e d  fro m  th e ir  feed ing  s tu d ie s  w ith  m a iz e  g ro w n  
in Z a m b ia  d u r in g  1973-1974  th a t  th e  2% level sh o u ld  
be m a in ta in e d . In  th e  U n ite d  S ta te s  o f  A m e ric a  it 
w as fo u n d  th a t  m a iz e  sa m p le s  c o n ta in in g  5%  o r  m o re  
o f  k e rn e ls  v isu a lly  d a m a g e d  by Gihberella zeae (Schw .) 
P e tc h  (i.e. F. graminearum) w ere  a lm o s t  to ta l ly  re fu sed  
by  sw ine, w h ile  sa m p le s  w ith  a  3%  level o f  in fec ted  
k e rn e ls  w ere  o ften  a s so c ia te d  w ith  a  d e c re ase  in feed 
c o n s u m p tio n  a n d  w e ig h t g a in  (F u tre ll , S c o tt &  
V a u g h n , 1976; T u ite  el al. 1974).

W e fu lly  rea lize  th a t  a lth o u g h  a  2% level o f  d is­
eased  k e rn e ls  m a y  be a n  id ea l m a x im u m  level to  safe­
g u a rd  h u m a n  h e a lth  fro m  th e  p o te n tia l  d a n g e rs  o f  
m y co to x in  c o n ta m in a tio n  in  m aize , it  is p ro b a b ly  u n ­
re a lis tic a lly  low  fro m  th e  p ra c tic a l p o in t  c f  view . F u r ­
th e rm o re , th e  im p o r ta n t  c o n s id e ra tio n  in  d e te rm in in g  
th e  a c c e p ta b ility  o f  m a iz e  fo r  h u m a n  c o n su m p tio n  
sh o u ld  b e  th e  a c tu a l  c o n c e n tra t io n s  o f  specific  m y c o ­
to x in s  r a th e r  th a n  th e  level o f  v isu a lly  d ise ased  k e r­
nels. T h e  use  o f  su c h  c r ite r ia  w ill o b v io u s ly  h a v e  to  
a w a it  th e  c h em ica l c h a ra c te r iz a tio n  o f  th e  re le v a n t 
F u s a r iu m  a n d  D ip lo d ia  m y co to x in s . U n ti l  th a t  tim e, 
so c io -e c o n o m ic  c o n s id e ra tio n s  su c h  a s  th e  c h o ic e  
b e tw een  s ta rv a tio n  a n d  th e  p o ss ib ility  o f  in g es tin g  
h a rm fu l a m o u n ts  o f  m y co to x in s , r a th e r  th a n  so u n d  
sc ien tific  c o n s id e ra tio n s , w ill d e te rm in e  th e  m a x im u m  
a c c e p ta b le  level o f  fu n g u s-in fec ted  k e rn e ls  in  m aize  
in te n d e d  fo r h u m a n  c o n su m p tio n . M e a n w h ile , it  c an  
be  re c o m m e n d e d  o n ly  th a t  th is  level sh o u ld  be  k ep t 
a s  low  a s  is p ra c tic a lly  p o ss ib le , a n d  th a t  a ll h u s ­
b a n d ry , h a rv e s tin g  a n d  s to ra g e  p ra c tic e s  th a t  re su lt 
in a  re d u c tio n  in  th e  a m o u n t  o f  fu n g a l c e v e lo p m e n t 
in  m a iz e  k e rn e ls  sh o u ld  be  e n co u ra g ed .
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IS A MIXTURE OF POLYCHLORINATED 
DIBENZOFURANS AN INDUCER OF 

HEPATIC PORPHYRIA?
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H ya ku n in ch o  2-chom e, Sh in juku -ku , T o k y o  160, Japan

(R ece ived  12 A ugust 1977)

Summary— Induction of hepatic porphyria by polychlorinated dibenzofurans and chlorinated biphenyls 
was compared in male SD rats. The polychlorinated-biphenyl mixture (Kanechlor-500) was a potent 
inducer of hepatic porphyria, while the mixture of polychlorinated dibenzofurans had only a slight 
effect, if any, at the levels which it proved possible to administer.

Introduction
P o ly c h lo r in a te d  d ib e n z o fu ra n s  (P C D F s )  a re  c o n ­

ta m in a n ts  o f  p o ly c h lo r in a te d  b ip h e n y ls  (P C B s) a n d  
a re  h ig h ly  to x ic  su b s ta n c e s , a s  w ell a s  b e in g  s t ru c tu r ­
a lly  re la te d  to  2 ,3 ,7 ,8 -te tra c h lo ro d ib e n z o -p -d io x in  
(T C D D ), w h ich  is o n e  o f  th e  m o s t  to x ic  c h em ica ls  
k n o w n . T h e  b io lo g ic a l effects o f  a  P C D F  m ix tu re  in 
r a ts  h a v e  in c lu d e d  lo ss  o f  b o d y  w e ig h t, a tro p h y  o f  
th e  th y m u s  a n d  acc esso ry  sex o rg a n s  a n d  d e v e lo p ­
m e n t o f  h a e m o ly tic  a n a e m ia  a n d  le s io n s re sem b lin g  
c h lo ra c n e  (O ish i, 1977; O ish i. M o r i ta  &  F u k a d a ,
1977).

S o m e  P C B  c o m p o u n d s  a re  s tro n g  in d u c e rs  o f  h e p a ­
tic  p o rp h y r ia  a n d  T C D D  a lso  in d u c e s  h e p a tic  p o r ­
p h y r ia  in  la b o ra to ry  a n im a ls  (G o ld s te in , H ic k m a n , 
B u rse  &  B e rg m a n , 1975; G ro te ,  S c h m o ld t &  B en th e , 
1975; K im b ro u g h , L in d e r  &  G a in e s , 1972; P o la n d  
&  G lo v e r , 1973; V o s &  K o e m a n . 1970; V os. S trick , 
V an  H o ls te y n  &  P e n n in g s . 1971). O n  th e  o th e r  h a n d , 
th e  effect o f  P C D F  o n  th e  in d u c tio n  o f  h e p a tic  p o r ­
p h y r ia  h a s  n o t  b een  re p o rte d , a n d  w e h a v e  e x am in ed , 
th e re fo re , th e  effect o f  a  m ix tu re  o f  P C D F  o n  b io sy n ­
th e tic  sy s tem s o f  h e p a tic  p o rp h y r in s  a n d  o n  th e  ex cre ­
tio n  o f  p o rp h y r in s  in th e  u r in e  o f  ra ts .

Experimental
A m ix tu re  o f  P C D F s  sy n th e s iz e d  by  D r. M . M o r ita ,  

c o n s is te d  o f  tw o  te tra c h lo ro - ,  fo u r  p e n ta c h lo ro -  a n d  
fo u r  h e x a c h lo ro d ib e n z o fu ra n s , a n d  th e  a v e ra g e  c h lo r ­
in e  n u m b e r  o f  th e  a ro m a tic  r in g  su b s ti tu tio n  w as 4 7 .  
T h e  P C B  m ix tu re  u sed  w a s  K a n e c h lo r -5 0 0  (su p p lied  
b y  K a n e g a fu c h i C h e m ic a l I n d u s try  C o ., O sak a ). Its  
m a in  c o m p o n e n ts  w ere  th e  p e n ta c h lo ro b io p h e n y l 
iso m e rs  a n d  it c o n ta in e d  6 7  p p m  P C D F  (M o rita , 
N a k a g a w a , A k iy a m a , M im u ra  &  Iso n o , 1977).

F ro m  th e  ag e  o f  5 w k, g ro u p s  o f  six m a le  S D  ra ts  
(o b ta in e d  f ro m  C lea  J a p a n ,  T o k y o )  w ere  fed  d ie t c o n ­
ta in in g  1 o r  10 p p m  P C D F  o r  100 p p m  P C B s  m ix ed  
in g ro u n d  C lea  R a t C h o w  fo r  4  w k. A s im ila r  (c o n tro l)  
g ro u p  rece iv ed  u n tre a te d  d iet. A t th e  e n d  o f  th is  t r e a t ­
m en t, b lo o d  sa m p le s  w ere  ta k e n  fo r  cell c o u n ts  a n d

h a e m o g lo b in  d e te rm in a tio n s  a n d  th e  r a ts  w e re  k illed  
by  d e c a p ita tio n  a n c  th e  liv e rs  w ere  re m o v e d  r a p id ly . 
a n d  h o m o g e n iz e d  in ice -co ld  0 1  M -p h o sp h a te  buffer 
(p H  7-4). T h e  h o m o g e n a te s  w ere  u sed  fo r  en zy m e 
a ssa y s  a n d  d e te rm in a tio n  o f  p o rp h y r in  c o n c e n tra t io n . 
T h e  a c tiv ity  o f  < 5 -an in o laev u lin a te  sy n th a se  (2.3 .1 .37; 
A L A -S ) w a s  m e a su re d  by th e  m e th o d  o f N a r is a w a  
&  K ik u c h i (1966) a n d  th a t  o f  ¿ -a m in o la e v u lin a te  
d e h y d ra ta s e  (4.2 .1 .24; A L A -D ) by  th e  m e th o d  o f  
W a d a , Y a n o , K u ra sh in a , O n o , A o k i &  T o y o k a w a  
(1970). H e p a tic  a n d  u r in a ry  p o rp h y r in s  w ere  e x tra c te d  
b y  a  m o d if ic a tio n  c f  th e  p ro c e d u re  o f  D re se l &  F a lk
(1956) a n d  d e te rm in e d  f lu o ro m e tric a lly  (U n d e n frie n d ,
1962).

Results and Discussion
In  P C D F - t r e a te d  ra ts  th e re  w as a  m a rk e d  re d u c ­

tio n  in h a e m o g lo b in  c o n c e n tra t io n , a n d  e x a m in a tio n  
o f  b lo o d  sm e a rs  rev ea led  h a e m o ly tic  a n a e m ia .

T h e  a c tiv ity  o f h e p a tic  A L A -S  w a s in c re a se d  sign ifi­
c a n tly  in P C B -tre a te d  ra ts  a n d  slig h tly  in  P C D F -  
t r e a te d  ra ts  (T ab le  1), b u t  in  n e ith e r  c a se  d id  h e p a tic  
A L A -D  a c tiv itie s  d iffer f ro m  th a t  in th e  c o n tro ls . 
G r o te  e t  a l. (1975) re p o r te d  th a t  a  s ing le  o ra l  d o se  
o f  2 7 2  m m o l P C B /k g  in c re a se d  A L A -S  a c tiv ity  in  r a ts  
b u t  h a d  n o  effect o n  A L A -D  a c tiv ity . O n  th e  o th e r  
h a n d ,  th e  a c tiv ity  o f  A L A -S  w as n o t  a lte re d  in  c h ic k s  
fed 0 7  ng P C D F /k g /d a y  fo r  3 w k  (G o ld s te in . M c K in ­
ney , L u c ie r , H ic k m a n , B e rg m a n  &  M o o re , 1976).

C o n c e n tra t io n s  o f  h e p a tic  p o rp h y r in s  a re  sh o w n  in 
T a b le  2. T h e  c o p ro -  p lu s  p ro to p o rp h y r in  c o n c e n ­
tra t io n  sh o w e d  a  s ig n ific a n t in c re a se  in  P C B -tre a te d  
ra ts  b u t  w as u n a ffe c te d  by P C D F  tre a tm e n t.  U r o p o r ­
p h y r in  c o n c e n tra t io n s  w ere  m a rk e d ly  in c re a se d  in 
P C B -tre a te d  ra ts , to  a  level a b o u t  seven tim es  th a t  
o f  th e  c o n tro ls ,  a n d  w ere  a p p ro x im a te ly  tw ice  a s  h igh  
a s  th e  c o n tro l  level in  P C D F - t r e a te d  ra ts . P C B - 
tre a te d  ra ts  a ls o  sh o w e d  a  s lig h t in c re ase  in u r in a ry  
e x c re tio n  o f  p o rp h y rin s . K a w a n ish i, S an o  &  M iz u ta n i
(1977) d e m o n s tra te d  th a t  th e  p o rp h y r in  th a t  a c c u m u ­
la te d  m o s t  re a d ily  in  c h ic k -e m b ry o  liver cells c u ltu re d
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Table 1. Effect o f  P C D F  and P C B  on the activ ities  o f  A L A S  and A L A -D  in m ale
rats

Test Dietary ALA-S ALA-D
compound concn (ppm) (p m o \ ALA/g protein/hr) (/rmol PBG/g protein/hr)

— (control) 0 0-85 ±  0-09 2-48 ± 0  17
PCDF 1 1-21 + 0-19 2-48 + 0-18

10 1-17 + 0-18 2-57 + 0-22
PCB 100 1-53 + 0-09* 2-34 + 0-14

PCDF = Polychlorinated dibenzofuran PCB = Polychlorinated biphenyl
ÂLA-S =  Ó-Aminolaevulinate synthase ALA-D =  <5-Aminolaevulinate dehydratase

PBG = Porphobilinogen
Values are the means + SEM for groups of six rats and that marked with an asterisk

differs significantly (Student' s t test) from the control value: P  <  0001.

Table 2. E ffect o f  P C D F  and P C B  on porphyrin  levels in the livers o f  m ale rats

Test Dietary Copro- + protoporphyrin Uroporphyrin
compound concn (ppm) (A'g/g wet tissue) (/rg/g wet tissue)

— (control) 0 1 22 ±  0-12 0-24 ±  001
PCDF 1 1-32 ±  0-17 0-49 ±  0-08**

10 1-31 + 0-16 0-42 ±  0-04**
PCB 100 1-65 + 0-15* 1-43 ±  0-20**

PCDF = Polychlorinated dibenzofuran PCB = Polychlorinated biphenyl 
Values are the means ±  SEM for groups of six rats and those marked with asterisks 

differ significantly (Student’s t test) from the control value: *P  < 0-05, **P  <  0 001.

in  a  P C B -c o n ta in in g  m e d iu m  w as u ro p o rp h y r in , 
w h ile  B ru c k n e r, K h a n n a  &  C o rn ish  (1974) re p o r te d  
a n  in c re ase  in u r in a ry  c o p ro p o rp h y r in  ex c re tio n  in 
r a ts  in je c te d  ip  w ith  PC B .

A lth o u g h  in th e  p re se n t e x p e r im e n t it w a s  n ecess­
a ry  to  a d m in is te r  th e  P C D F  in m u ch  lo w er do ses 
th a n  th e  P C B , b e ca u se  o f  th e  h ig h  to x ic ity  o f  the  
fo rm er. P C B  (K a n ec h lo r-5 0 0 ) a p p e a re d  to  be  a  p o te n t  
in d u c e r  o f  h e p a tic  p o rp h y r ia  w h ile  th e  m ix tu re  o f  
P C D F  h a d  a t  m o s t a  m o d e s t effect o n  p o rp h y r in  p ro ­
d u c tio n  in th e  liver.

A cknow ledgem en t--The authors are indebted to Dr. M. 
Morita for a gift of polychlorinated dibenzofuran.
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THE ESTIMATION OF AFLATOXIN M 1 IN MILK 
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C en tra l V e ter in a ry  L abora tory . W eyhridge . S u rrey  K T I 5  3 K B . England.

[R eceived  X Sep tem ber 1977)

Summary—An existing method for the analysis of aflatoxin M, in milk has been modified by the 
introduction of two-dimensional thin-layer chromatography and certain confirmatory tests. The im­
proved method is now sufficiently sensitive to demonstrate the presence in cows’ milk of aflatoxin 
M, resulting from the ingestion of feed contaminated with aflatoxin B, at the very low maximum 
level permitted by the current UK Fertilizers and Feeding Stuffs Regulations.

Introduction

T h e  m e th o d  p re v io u s ly  r e p o r te d  (P a tte rso n  &  
R o b e rts . 1975) fo r  th e  a n a ly s is  o f  a f la to x in  M , in  m ilk  
d e sc rib e d  im p ro v e m e n ts  o f  th e  e a r l ie r  p ro c e d u re  o f 
R o b e r ts  &  A llc ro ft (1968). T h e  im p o r ta n t  fe a tu re  o f 
th is  m o d ific a tio n  w a s  th e  in tro d u c t io n  o f  a  m e m b ra n e  
c le a n -u p  step , w h ic h  a lm o s t  c o m p le te ly  e lim in a te d  th e  
risk  o f  e m u ls io n  fo rm a tio n  d u r in g  e x tra c tio n  o f  th e  
to x in  in to  c h lo ro fo rm , d ra s tic a lly  c u t a n a ly tic a l 
w o rk in g  tim e  a n d  g re a tly  in c re ased  th e  se n sitiv ity  o f  
th e  m e th o d .

T h e  p re sen t n o te  d e sc rib e s  fu r th e r  m o d ific a tio n s , 
ch iefly  th e  use  o f  tw o -d im e n s io n a l th in - la y e r  c h ro m a ­
to g ra p h y  (T L C ) a n d  th e  a p p lic a tio n  o f  c o n f irm a to ry  
tes ts , a n d  d e m o n s tra te s  th a t  th is  p ro c e d u re  is n o w  
su ffic ien tly  se n sitiv e  fo r th e  d e te c tio n  o f  th e  tra c e  
a m o u n ts  o f  a f la to x in  M , th a t  m ay  a p p e a r  in m ilk  
fro m  cow s c o n su m in g  ra t io n s  c o n ta m in a te d  w ith  a fla ­
to x in  a t c o n c e n tra t io n s  in th e  re g io n  o f  th o se  c u r ­
re n tly  a llo w ed  by th e  F e rtil ise rs  a n d  F e e d in g  Stuffs 
(A m e n d m e n t)  R e g u la tio n s  (S ta tu to ry  In s tru m e n t 
1976. no . 840. p. 13).

E x p e rim e n ta l

T h e  m e th o d  is fu n d a m e n ta lly  th a t  d e sc rib e d  in  o u r  
e a rlie r  r e p o r t  (P a t te r s o n  &  R o b e rts . 1975) b u t a  re si­
d u e  fro m  th e  d ry  c h lo ro fo rm  e x tra c t (eq u iv a le n t to  
38-5 m l m ilk ) is ro u tin e ly  d isso lv ed  in 50 p i c h lo ro ­
form  a n d  th e n  an a ly se d , u s in g  tw o -d im e n s io n a l T L C  
as d e sc rib e d  below .

Screening procedure. A lu m in iu m  sh e e ts  c o a te d  w ith  
s ilica  gel 60 (0-2 m m  th ic k . M e rck  A rt. 5553, su p p lied  
by B D H  C h e m ic a ls . P o o le . D o rse t)  h a v e  recen tly  
b een  in tro d u c e d  b e ca u se  th e ir  re la tiv e ly  low  c o st is 
a n  im p o r ta n t  fa c to r  in su rv ey  w o rk . C h ro m a to g ra m s  
a re  p re p a re d  by sp o t t in g  5 p i e x tra c t  a n d  a fla to x in  
M , s ta n d a rd  (0 -2 p g /m l: o b ta in e d  fro m  D r. P. 
S ch u lle r. B ilth o v e n . T h e  N e th e r la n d s , a n d  m o re  
recen tly  fro m  M a k o r  C h e m ic a ls . J e ru sa le m . Israel), as 
sh o w n  in F ig . 1. a n d  d e v e lo p in g  in  tw o  d irec tio n s , 
first w ith  c h lo ro fo rm -a c e to n e -p ro p a n -2 -o l .  8 0 :1 5 :5  
by vol. (so lv en t 1) a n d  th e n , a fte r d ry in g , w ith

to lu e n e -e th y l a c e ta te -9 0 %  fo rm ic  ac id . 6 0 :3 0 :1 0  by 
vol. (so lv en t 2). R , v a lu es fo r a f la to x in  M , a re  0-28 
in so lv e n t 1 a n d  0  07 in  so lv e n t 2. s e p a ra t in g  th e  to x in  
fro m  th e  m a jo r i ty  o f  c h lo ro fo rm -so lu b le  c o n s titu e n ts  
flu o resc in g  in  u ltra v io le t ligh t. O c c a s io n a lly  a  ye llow  
flu o resce n t a re a  o b sc u re s  an y  a fla to x in  M , p re sen t 
b u t. if th e  p la te  is left o v e rn ig h t in th e  d a rk , th e  in te r ­
fe rin g  sp o t fades su ffic ien tly  to  a llo w  a fla to x in  M , 
to  b e  id en tified  easily .

A d u p lic a te  c h ro m a to g ra m  is p re p a re d  fo r  c o -c h ro -  
m a to g ra p h y  in  w h ich  5 p i a f la to x in  M , s ta n d a rd  is 
su p e r im p o se d  o n  th e  d r ie d  sp o t o f  m ilk  e x tra c t. T h e  
p re sen c e  o n  b o th  c h ro m a to g ra m s  o f  a  s ing le  sp o t w ith  
a p p ro p r ia te  R F v a lu e s  in  th e  tw o  so lv e n ts  a n d  f lu o r ­
e sc in g  b lu e  in u ltra v io le t  l ig h t su g g ests  th e  p re sen c e
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Fig. 1. Separation of aflatoxin M, from other constituents 
of milk fluorescing in ultraviolet light (365 nm). Extract 
(E) is applied at the origin in an aliquot of 5 pi (equivalent 
to 3-85 ml milk) and developed with solvents 1 and 2 up 
to the respective dotted lines (10cm). For quantitative 
work, the single standard spot (S) shown only to migrate 
in solvent 1 is replaced by six standards (01 to 10ng afla­
toxin M t) for visual comparison with the unknown.

49



50 D . S. P . Patterson. E. M . G lancy a n d  B. A. Roberts

o f  a f la to x in  M , in th e  m ilk  e x tra c t. C o n f irm a tio n  m ay  
th e n  b e  o b ta in e d  (a) by  su b se q u e n tly  sp ra y in g  th e  su s­
p e c ted  sp o t w ith  50",, s u lp h u r ic  ac id  (cf. P ry zy b y lsk i.
1975) a n d  o b se rv in g  c o n v e rs io n  to  a  ye llow  f lu o r­
e scen t d e riv a tiv e  a n d  (b) fo rm in g  th e  a c e ta te  o f  a fla ­
to x in  M , by  re ac tin g  th e  d r ie d  re s id u e  fro m  25 pi 
e x tra c t  in a g la s s  re a c tio n  vial w ith  e q u a l v o lu m e s 
(0 2  m l) o f  d ry  p y r id in e  a n d  d ry  a ce tic  a n h y d r id e  fo r 
30 m in  a t ro o m  te m p e ra tu re  (S tack , P o h la n d , D a n tz -  
m an  &  N esh e im , 1972). R F v a lu es o f  a f la to x in  
a c e ta te  in th e  tw o  so lv e n ts  a r e  0-54 a n d  0 1 8 .  re sp e c t­
ively.

A few sm a ll v a r ia tio n s  o n  th e  a b o v e  te c h n iq u e  h av e  
a lso  been  tr ie d . F irs t , p re lim in a ry  d e v e lo p m e n t in th e  
firs t d ire c tio n  w ith  d ie th y l e th e r  p r io r  to  th e  use  o f 
so lv e n t 1 (sam e d ire c tio n ) so m e tim e s  w id en s  th e  
‘c h ro m a to g ra p h ic  w in d o w ’ a n d  h en ce  im p ro v e s  th e  
d e te c tio n  o f  a f la to x in  M ,.  S eco n d ly , tim e  a n d  m a te r ­
ia ls  m ay  b e  sav ed  if o n ly  h a lf  o f  th e  a q u e o u s  a c e to n e  
d ia ly sa te  is  ta k e n  fo r  su b s e q u e n t e x tra c tio n  a n d  th e  
a n a ly s is  is su ita b ly  sc a le d -d o w n . T h ird ly , fo r  s im ila r  
re aso n s , th e  20 x  20-cm  sh ee t m ay  be c u t in to  fo u r  
10 x  10-cm  sq u a re s  to  p ro v id e  c h ro m a to g ra m s  th a t  
a re  u su a lly  ju s t  a s  eas ily  in te rp re te d .

Quantitative analyses. T h ese  a re  a lw ay s  c a r r ie d  o u t  
b a tch -w ise , u sin g  fu ll-size  s ilic a -c o a te d  a lu m in iu m  
sh e e ts  fo r  th e  a n a ly s is  o f  sa m p le s  fo u n d  to  be  ‘p o s it­
ive’ o n  in itia l sc reen in g . T w o -d im e n s io n a l c h ro m a to ­
g ra m s  a re  p re p a re d  fro m  5 p i a liq u o ts  o f  e x tra c t, a n d  
a n y  a f la to x in  M ] sp o ts  a re  c o m p a re d  v isu a lly  u n d e r  
u ltra v io le t  lig h t (365 n m ) w ith  s ta n d a rd  a m o u n ts  o f 
a f la to x in  M , d isso lv ed  in th e  sam e  v o lu m e  (5 p i) o f 
c h lo ro fo rm  a n d  a llo w e d  to  m ig ra te  in  so lv en t 1 on ly . 
0 -1 .0 -2 , 0-4. 0-6. 0-8 a n d  1-0 n g  s ta n d a rd  b e in g  a p p lie d  
a s  sh o w n  in F ig . 1. A s to c k  so lu tio n  o f  a f la to x in  
(10  p g /m l)  in c h lo ro fo rm  is firs t s ta n d a rd iz e d  by  u l tr a ­
v io le t sp e c tro m e try , a l iq u o ts  (0-2 m l) a re  e v a p o ra te d  
to  d ry n e ss  a n d  s to re d  a t  4 °C . a n d  fo r  each  q u a n t i ta ­
tive  a n a ly s is  o n e  a liq u o t is re -d isso lv ed  in c h lo ro fo rm  
(2 m l) a n d  fu r th e r  d ilu te d  as n ecessary .

Use of the procedure in survey work. If m ilk  sa m p le s  
c a n n o t  be  a n a ly se d  in th e  fresh  s ta te , th e y  m ay  be 
p re se rv e d  w ith  so d iu m  m e ta b is u lp h ite  ( lO m g /m l 
m ilk ) fo r sh o r t- te rm  s to ra g e  a n d  fo r lo n g e r  p e rio d s  
th ey  m ay  b e  h e ld  a t — 2C|JC. It h a s  been  fo u n d  th a t  
in  m ilk  s to re d  fo r  a  p e r io d  o f  21 d a y s  a t  4°C . so d iu m  
m e ta b isu lp h ite  d o e s  n o t  d im in ish  th e  c o n c e n tra t io n  
o f  a d d e d  a f la to x in  M ,  ( 1 0 /rg /litre ) n o r  is  th e re  a n y  
ev id en ce  fo r re d u c tio n  o f  th e  to x in  to  M ,  o r  fo r the  
fo rm a tio n  o f  a n y  o th e r  de riv a tiv e .

T h e  sm a lle s t q u a n ti ty  o f  a f la to x in  M , th a t  is easily  
v isib le  o n  tw o -d im e n s io n a l T L C  is a b o u t  0-2 ng  w hen  
a p p lie d  in 5 p i c h lo ro fo rm , a n d  q u a n ti ta t io n  is th e re ­
fo re  o n ly  feasib le  w h en  5 p i m ilk  e x tra c t  c o n ta in s  a p ­
p ro x im a te ly  th is  a m o u n t.  T h is  c o r re s p o n d s  to  a  q u a n ­
tita tiv e  a n a ly tic a l lim it o f  0  052 p g  a f la to x in  M ^ i t r e  
m ilk , b u t even  sm a lle r  a m o u n ts  o f  th e  to x in  c a n  be 
d e te c te d  if n o t  q u a n ti ta te d ,  so  th a t  th e  d e te c tio n  lim it 
o f  th e  m e th o d  is a b o u t  0  03 p g /litre .

Results and Discussion

T h e  m e th o d  d e sc rib e d  a b o v e  is b e in g  successfu lly  
u se d  in th is  la b o ra to ry  fo r th e  ro u tin e  e x a m in a tio n

o f m ilk  sam p les, a lth o u g h  o th e r  w o rk e rs  h a v e  e x p e ri­
en ced  d ifficu lty  p a r tic u la r ly  w ith  th e  d ia ly s is  s te p  (see 
o u r  e a r l ie r  n o te . P a t te r s o n  &  R o b e r ts . 1975). Such  
d ifficu lties a re  m o s t lik e ly  to  be  d u e  e ith e r  to  th e  
o c c a s io n a l ‘p in -h o le ’ in  th e  d ia ly s is  tu b in g  o r  to  in ­
c o m p le te  so a k in g  o f  th e  m e m b ra n e  p r io r  to  use. T h e  
fo rm e r  c a n  easily  be te s te d  fo r a n d  d e te c te d  if each  
p re p a re d  d ia ly sis  sac  is first f illed  w ith  w a te r , a n d  
th e  la t te r  p ro c e d u re  is  b e s t c a r r ie d  o u t  u sin g  w a rm  
(40 C ) w a te r  fo r a t  least 30 m in .

T h e  d e te c tio n  lim it o f  th e  new ly  m o d ifie d  m e th o d  
(a p p ro x im a te ly  0-03 p g /litre )  is so m e  100 tim e s  lo w e r 
th a n  th a t  o f  th e  o rig in a l p ro c e d u re  o f  R o b e r ts  &  A ll­
c ro ft (19681 a n d  sh o w s a  th ree fo ld  im p ro v e m e n t o n  
th e  first m o d if ic a tio n  (P a t te r s o n  &  R o b e rts , 1975). 
T h e  la te s t  p ro c e d u re  is  a lm o s t  c e r ta in ly  su ffic ien tly  
sen sitiv e  to  d e te c t a n y  a f la to x in  M , ‘c a r r ie d -o v e r ’ in to  
m ilk  fro m  a f la to x in  B j p re se n t in  th e  d ie t a t  th e  very  
low  m a x im u m  level p e rm itte d  b y  th e  c u r re n t  F e r t i ­
lize rs  a n d  F e e d in g  S tuffs R e g u la tio n s . T h u s , o n  th e  
b a s is  o f  a  v a lu e  o f  1/300 fo r th e  r a t io  o f  th e  c o n c e n ­
tra t io n s  o f  a f la to x in  M ,  in m ilk  to  a f la to x in  B t in 
feedstuff's (R o d ric k s  &  S toloff, 1977), it  c a n  b e  c a lc u ­
la te d  th a t ,  if su ch  a  ra tio n  c o n ta in in g  20  p g  a f la to x in  
B ^ g  is c o n s is te n tly  fed to  d a iry  cow s, th e ir  m ilk  
w o u ld  c o n ta in  a ro u n d  0  067 p g /litre . w h ich  is a b o u t  
tw ice  th e  d e te c tio n  lim it.

In d iv id u a l e s tim a te s  o f  th e  ‘c a r ry -o v e r’ o f  a f la to x in  
in to  m ilk  suffer fro m  o n e  o r  m o re  sh o r tc o m in g s , b u t 
th a t  o f  R o d ric k s  &  S to lo ff  (1977) h as b e en  u sed  h e re  
b e ca u se  it is a n  a v e ra g e  v a lu e  d e riv e d  fro m  d a ta  p u b ­
lish ed  by  severa l re sea rc h  g ro u p s . E ven so, th e  basic  
d a ta  w ere  o b ta in e d  b e tw een  1965 a n d  1974. w h en  
a n a ly tic a l  m e th o d s  w ere  u n d e rg o in g  d e v e lo p m e n t, 
a n d  th e  v a r io u s  b re ed s  o f  c a tt le  u se d  w ere  p re su m a b ly  
a t  d ifferen t s ta g es  o f  la c ta t io n  a n d  re a re d  o n  d iffering  
h u s b a n d ry  system s. T h e  a b o v e  c a lc u la tio n  is th e re fo re  
o n ly  v ery  a p p ro x im a te , b u t i t  is  useful in  th a t  it  d e te r ­
m in e s  th e  w o rk in g  ra n g e  n o w  re q u ire d  o f  a n a ly tic a l  
m e th o d s  fo r M , a n d  th e  p re se n t p ro c e d u re  is  ev i­
d e n tly  c a p a b le  o f  d e te c tin g  a n d  m e a su r in g  a t  re a lis tic  
c o n c e n tra t io n s  th is  u n d e s ira b le  n a tu ra lly -o c c u rr in g  
c o n ta m in a n t  o f  m ilk .
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THE BIOLOGICAL EFFECTS OF TALC IN THE 
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REVIEW
G . H . Lord

Johnson  & Johnson  R esearch  F oundation . N e w  B runsw ick. N J .  U SA

(R ece ived  7 A ugust 1977)

Summary A critical review of the literature dealing with the biological effects of a variety of talcs 
shows the mineral to be fibrogenic when administered by various routes to many species of animal. 
The literature also indicates clearly that the fibrotic response is a function of the dose administered 
and that there are levels of exposure that are tolerable. The exposures and doses used in the majority 
of the studies were not chosen on the basis of their relationship to occupational or cosmetic use. 
In none of the reported studies was there any indication of neoplasia. The literature offers the reader 
a good descriptive account of the pathogenesis of experimental pneumoconiosis and identifies the 
critical role played by the alveolar macrophage.

Introduction
T h e  b io lo g ic a l effects o f  ta lc  h a v e  b een  s tu d ie d  ex­

ten siv e ly  by  a  v a r ie ty  o f  in vivo a n d  in vitro p ro ­
c e d u re s  b u t, u n fo r tu n a te ly , m o s t  o f  th e  l i te ra tu re  fails 
to  id en tify  th e  m in e ra l a d e q u a te ly  in re sp e c t o f  its  
so u rce , p a r tic le  size, p a r tic le  d is tr ib u tio n  a n d  c o n te n t. 
T h e  re sp o n se s  to  v a ry in g  d o se s  a d m in is te re d  by 
v a r io u s  ro u te s  h a v e  been  d e sc rib e d  b u t  h ere , to o , th e  
d o se  a n d  ro u te  o f  a d m in is t r a t io n  f re q u e n tly  b o re  n o  
re la tio n  to  th e  u su a l levels o f  c o sm e tic  o r  in d u s tr ia l  
e x p o su re . I t  is u n c le a r  fro m  th e  l i te ra tu re  w h a t p o r ­
tio n  o f  th e  re se a rc h  w a s  c o n d u c te d  fo r  re a so n s  o f  
o c c u p a tio n a l  o r  u se r  safety . In  fact, m o s t o f  th e  w o rk  
a p p e a rs  to  h av e  b e en  d o n e  to  sa tisfy  sc ien tific  c u r i­
osity .

O n e  o f  th e  m o s t  p ro m in e n t  a n d  e a r ly  w o rk e rs  on  
th e  p u lm o n a ry  effects o f  d u s t  w a s  M a v ro g o rd a to  
(1918), w h o  e s ta b lish e d  a  h y p o th e s is  re g a rd in g  th e  
p a th o g e n e s is  o f  v a r io u s  d u s t  d iseases. H e  c o n c lu d e d  
f ro m  h is  s tu d ie s  th a t  d u s ts  th a t  c re a te  p ro b le m s  a re  
d u s ts  th a t  a c c u m u la te . D u s ts  th a t  p ro d u c e  a  m a rk e d  
in itia l re a c tio n  a re  e lim in a te d  b e ca u se  th ey  re su lt  in 
sh e d d in g  o f  th e  e p ith e liu m . T h o se  th a t  a c c u m u la te  
d o  n o t.

Experimental studies
H a y n e s  (1931) p u b lish e d  th e  re su lts  o f  a n  e x ten siv e  

s tu d y  in g u in e a -p ig s  o n  a  v a r ie ty  o f  d u sts . F ro m  these  
s tu d ies , h e  w a s  a b le  to  c o n s tru c t  a  b e a u tifu lly  d e ta ile d  
d e sc rip tio n  o f  th e  p a th o g e n e s is  o f  e x p e r im e n ta l p n e u ­
m o c o n io s is , a  d e sc rip tio n  w h ic h  d o e s  n o t  d iffer m u ch  
f ro m  o u r  c o n c e p t to d a y . O n e  o f  th e  d u s ts  s tu d ie d  
w as ta lc . H e  c o n c lu d e d  th a t  ta lc  s t im u la te d  th e  e lim ­
in a tio n  o f  a lv e o la r  m a c ro p h a g e s  a n d  in n o  w ay  a c te d  
a s  a  to x ic  a g en t. In  a n im a ls  g iv en  a  2 -h o u r /d a y  d u s t  
ex p o su re  fo r 2 w eek s , b ro n c h ia l  a n d  ly m p h a tic  c le a r ­
a n ce  w ere  p ro c e e d in g  m o d e ra te ly  b risk ly  6 0  w eek s 
la te r w ith  n o  sign  o f  p u lm o n a ry  d a m a g e . H a y n e s  
(1931) c lass ified  ta lc  a m o n g  th e  n o n -h a rm fu l g ro u p s

o f  m in e ra ls  th a t  w ere  fo u n d  to  c a u s e  n o  p e rm a n e n t 
d a m a g e  in  th e  lungs.

S tiib e r  (1934) s tu d ie d  th e  c e llu la r  re sp o n se  o f  th e  
p o p lite a l  a n d  cerv ica l ly m p h  n o d e s  o f  d o g s  to  v a r io u s  
d u s ts  w h ich  h a d  b een  c h a ra c te r iz e d  a c c o rd in g  to  th e ir  
c o n te n t  o f  free  silica. T h e  d u s ts  w ere  in je c te d  d ire c tly  
in to  th e  ly m p h a tic s  a t  a  d o se  o f  5 0 -1 0 0  m g, a d m in is ­
te re d  in  a  v o lu m e  o f  10 m l w a te r  a t  a  p re s su re  th a t  
d id  n o t  ex ceed  70 m m  H g . T a lc  w a s  o n e  su ch  d u s t, 
a n d  it  w a s  d e sc rib e d  a s  c o n ta in in g  60 %  silica . W ith in  
24  h o u rs , th e  a u th o r  o b se rv e d  g ia n t  cells  c ra m m e d  
w ith  m in e ra l p a r tic le s ;  a t  d a y  5 m o s t  o f  th e  p a r tic le s  
w ere  p re se n t  in e n d o th e lia l  m a c ro p h a g e s  a n d  by  d a y  
108 th e  n o d e  a p p e a re d  n o rm a l  b u t ,  s c a tte re d  th ro u g h ­
o u t ,  w e re  g ro u p s  o f  m o n o n u c le a r  p h a g o c y te s  c o n ta in ­
in g  m in e ra l p a rtic le s . T h e  a u th o r  c o n c lu d e d  th a t  in 
te rm s  o f  th e  re a c tio n  e v o k ed , ta lc  a n d  o th e r  o rg a n ic  
a n d  in o rg a n ic  d u s ts  d iffered  f ro m  silica  in th a t  th ey  
d id  n o t  s tim u la te  th e  fo rm a tio n  o f  a b n o rm a l  p h a g o ­
cy te s  b u t  in s te a d  w ere  re ta in e d  e x clu siv ely  in  th e  re ti­
c u la r  ce lls  a n d  e n d o th e lia l  p h ag o cy tes .

F o sse l (1935) p o s tu la te d  th a t  ro c k s  su ch  a s  k a o lin , 
m u sc o v ite , se ric ite  a n d  ta lc , w h ich  h a v e  re a c h e d  th e ir  
o p tim a l c h e m ic a l s ta b il i ty  in  n a tu re ,  a re  p ro b a b ly  less 
re ac tiv e  b io lo g ic a lly  th a n  th o se  th a t  a re  less s ta b le . 
H e  a lso  a p p re c ia te d  th e  d ifficu lty  o f  s tu d y in g  m ill 
w o rk e rs , in w h o m  th e  d e f in itio n  o f  d u s t  e x p o su re s  
w as im p o ss ib le  a t th a t  tim e . A c co rd in g ly , h e  ex p o sed  
g u in e a -p ig s  to  a ta lc  d u s t  fo r 1 h o u r /d a y  fo r as lo n g  
as 8 w eeks. T h e  to ta l  e x p o su re  w as n o t  d e fin ed , b u t 
th e  ta lc  w as id en tified  as " N a in ts c h  0 0 V  c o n ta in in g  
62-0%  S i 0 2. w ith  55-4°,, o f  th e  p a r tic le s  fa llin g  w ith in  
th e  0 0 6 - 0 T 3 m m  ra n g e ; 14-8% w ere  less th a n  
0  007  m m  a n d  5%  w ere  g re a te r  th a n  0  06  m m . W h ile  
th e  to ta l  n u m b e r  o f  a n im a ls  e x p o se d  w a s  sm a ll (ten), 
th e  a u th o r  c o m p le te d  th o ro u g h  h is to p a th o lo g ic a l  
s tu d ie s  o n  th e  lu n g s  o f  a  few  a n im a ls  a n d  fo u n d  th a t  
th e re  w a s  n o  ev id e n ce  o f  n o d u la t io n ,  a s  in  h u m a n  
silicosis, a lth o u g h  n u m e ro u s  d u s t  p a r tic le s  w e re  d e ­
p o s ite d  in th e  lungs. T h e  lo n g e r  th e  in te rv a l  o f  tim e
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b e tw ee n  e x p o su re  a n d  a u to p s y , th e  few er in f la m m a ­
to ry  re sp o n se s  a n d  th e  less ev id en ce  o f  talc .

G a r d n e r  (1938), lik e  o th e r  in v e s tig a to rs , re co g n ize d  
th e  d ifficu lty  o f  s tu d y in g  re sp o n se s  to  d u s t  in the  
h u m a n  p o p u la tio n  a n d  re so r te d  to  a n  e x p e rim e n ta l 
m o d el to  sa tisfy  h is  sc ien tific  cu rio s ity . H is  in te re s ts  
w ere  n o t  to  d e lin e a te  th e  h a z a rd s  a s so c ia te d  w ith  
o c c u p a tio n a l  o r  u se r ex p o su re , b u t  m a in ly  to  d e sc rib e  
th e  b io lo g ica l re sp o n se  to  v a r io u s  m in e ra l d u sts . H e  
p o s tu la te d  th a t  c o n n e c tiv e  tis su e  w o u ld  re sp o n d  to  
p a r tic le  s tim u li re g a rd le s s  o f  i ts  lo c a tio n  w ith in  th e  
b o d y , a n d  th e re fo re  in jec ted  v a r io u s  m in e ra ls  in tr a ­
v en o u sly  in to  ra b b its  as 1 a n d  10%  su sp e n s io n s  in 
sa lin e , w h ile  g u in ea -p ig s  rece iv ed  200-m g d o se s  in to  
th e  a b d o m in a l  cav ity . G a r d n e r  (1938) m a d e  th e  first 
a t te m p t  to  q u a n ti ta te  th e  re sp o n se  a n d  o ffered  a  lo g i­
ca l d e sc rip tiv e  re sp o n se  p ro file  w h ich  v a rie d  fro m  +  
to  8 +  . T h e  re sp o n se  to  ta lc  w a s  g ra d e d  a s  2 +  w h ich , 
in  th is  in v es tig a tio n , m e a n t th a t  th e  cells d ire c tly  a d ja ­
c en t to  th e  m in e ra l h a d  been  ir r i ta te d  a n d  th a t  th e re  
w a s  s ligh t ev id en ce  o f in f la m m a tio n . T h e  a u th o r  c o n ­
c lu d e d  th a t  “ th is  c h a n g e  h a s  sh o w n  n o  te n d e n c y  to  
p ro g re s s  in  tw o  y e ars” .

P o lic a rd  (1 9 3 9-1940) w as suffic ien tly  c u r io u s  a b o u t  
th e  p o te n tia l  b io lo g ic a l effects o f  in h a le d  ta lc  to  
ex p o se  ra ts  to  an  e x tre m e ly  in te n se  d u s tin g  w ith  in ­
d u s tr ia l-g ra d e  fo lia te d  ta lc  (for 3 h o u rs /d a y  fo r  12 
d a y s  w ith  a  m a x im u m  o b se rv a tio n  p e r io d  o f  32 days). 
W h ile  th e  p a r tic le  size w a s  d e sc rib e d  a s  less th a n  
5 fim, th e  c o n c e n tra t io n  o f  d u s t  in  th e  a tm o sp h e re  
w as n o t  k n o w n . T h e  a u th o r  c o n c lu d e d  th a t  a c u te  
effects o f  e x p o su re  to  a  h ig h  a tm o sp h e re  o f  ta lc  c o u ld  
be  ir r ita tin g  to  th e  u p p e r  r e sp ira to ry  t r a c t  a n d  p ro b ­
a b ly  a c c o u n te d  fo r th e  d y sp n o e a  th a t  he  o b se rv e d  in 
h is  e x p e rim e n ta l a n im a ls . In  c o n tr a s t  to  s.lica te , ta lc  
d id  n o t  a p p e a r  to  d a m a g e  th e  n u c le u s  a n d  m u m m ifi­
c a tio n  o f  th e  cell w a s  n e v e r o b se rv ed . F ro m  h is to lo g i­
cal o b se rv a tio n s , e lim in a tio n  o f  ta lc  p a r tic le s  th ro u g h  
th e  ly m p h a tic  system  d id  n o t  a p p e a r  to  be very  e x te n ­
sive. T h e  p a r tic le s  w ere  t r a p p e d  in  a lv e o la r  m a c ro ­
p h a g e s  a n d  th e  m in e ra l seem ed  to  be  h a rm le s s  to  
th ese  cells.

S ch u lz  &  W illia m s  (1942) w ere  th e  firs t to  reco g n ize  
th a t  d ifferences in th e  c h em ica l c o m p o s it io n  o f  ‘ta lc ’ 
m ay  a c c o u n t fo r th e  d ifferences in  th e  re sp o n se s  
o b se rv ed . T h e y  se lec ted  seven c o m m e rc ia l ‘ta lc s ’ w ith  
w id e ly  d iffe ren t m in e ra lo g ic a l c o m p o s it io n s  a n d  in ­
je c te d  g u in e a -p ig s  w ith  these  s te r ilize d  ta lcs, a d m in is ­
te r in g  in  e ac h  c ase  200 m g  :n th e  fo rm  o f 5%  sa line  
su sp en s io n s . A n im a ls  w ere  k ille d  a t  in te rv a ls  ran g in g  
fro m  10 d a y s  to  15 m o n th s . T h e  m a jo r  im p u ritie s  
id en tif ie d  w ere  se rp en tin e , c a rb o n a te ,  q u a r tz  a n d  
d o lo m ite . G ro s s ly , th e  a n im a ls  w ere  in g o o d  h e a lth  
a n d  a ll th e  o rg a n s  a p p e a re d  n o rm a l, b u t  n o d u le s  w ere 
o b se rv e d  o n  th e  v e n tra l p a r ie ta l  su rface  o f  th e  p e ri­
to n e u m . T h e  le s io n s  b e c a m e  m o re  d e n se  a n d  firm  
w ith  tim e. H is to lo g ic a l s tu d ie s  c o n f irm e d  th e  o b se rv a ­
t io n s  o f  p re v io u s  w o rk e rs  th a t  th e  m in e ra l w a s  m o stly  
p h a g o c y to se d  by  m a c ro p h a g e s  a n d  g ia n t  cells. T h e re  
w as n o  in d ic a tio n  o f  th e  p ro life ra tio n  th a t  o c c u rre d  
in  s ilic o tic  n o d u les . In te re s tin g ly , th e  c a rb o n a te  a n d  
se rp e n tin e  c o m p o n e n ts  d e c re a se d  a s  th e  e x p e rim e n t 
p ro g re s se d  a n d  th e  a u th o r s  c o n c lu d e d  th a t  su ch  ta lcs

*lt is believed that the authors were referring to macro­
phages.

w ere  to  be  p re fe rre d  fro m  th e  h e a lth  a sp e c t in a sm u c h  
a s  sm a lle r  a m o u n ts  o f  m a te ria l w ere  p e rm a n e n tly  
s to red .

S c h e p e rs  &  D u rk a n  (1955), p ro m p te d  by  th e  o c c u r ­
rence  o f  a  series o f  d e a th s  fro m  p u lm o n a ry  d isease  
fo llo w in g  e x p o su re  to  ta lc  m in in g  in u p p e r  N e w  Y o rk  
S ta te , in it ia te d  a  se ries  o f  a n im a l s tu d ie s  to  p ro b e  
th e  specific  effects o f  so m e  o f  th e  ta lc  c o n ta m in a n ts  
(tre m o lite , a n th o p h y ll ite .  q u a r tz ,  se rp e n tin e  a n d  d o lo ­
m ite). B o th  th e  in tra v e n o u s  a n d  in tra t r a c h e a l  ro u te s  
w ere  u sed  in ra b b its ,  ra ts  a n d  g u in ea -p ig s . T h e  size 
o f  th e  d u s t  p a r tic le s  w as 3 /rm  o r  less fo r th e  in t r a ­
v e n o u s  s tu d ies , w h ile  p a rtic le s  a n d  fib res m e a su r in g  
2 0 -5 0  /rm  w ere  u sed  fo r th e  in tra t r a c h e a l  s tu d y . O n e  
se t o f  in tr a t r a c h e a l  e x p e r im e n ts  w as d e s ig n e d  to  
m im ic  th e  in d u s tr ia l  e x p o su re  in N e w  Y o rk  S ta te . In ­
te re s tin g ly , th e  re su lts  o f  th ese  e x p e r im e n ts  c o n firm e d  
th a t  th e  b as ic  re a c tio n  to  th ese  d u s ts  w as th e  e n g o rg e ­
m e n t o f  p a r tic le s  b y  a lv e o la r  m a c ro p h a g e s  a n d  th e ir  
su b se q u e n t im m o b iliz a tio n  in  th e  lungs, f ro m  w hich  
th ey  w ere  u ltim a te ly  e x tra c te d  o r  r e tu rn e d  to  th e  p a r ­
e n ch y m a . T h e  d e g ree  to  w h ic h  f ib ro s is  o c c u rre d  
d e p e n d e d  u p o n  th e  len g th  o f  th e  fib re  r a th e r  th a n  
u p o n  i ts  c h e m ic a l c o m p o s itio n . P a r t ic le s  o f  3 //m  a n d  
less e v o k e d  n o  f ib ro g en ic  re sp o n se , w h e re a s  tre m o lite  
a n d  a n th o p h y l l ite  fib res  o f  2 0 -5 0  ¿im p ro d u c e d  e x te n ­
sive fib rosis. U n fo r tu n a te ly , th e  in v e s tig a to rs  d id  n o t  
h a v e  ta lc  in a  lo n g  fib ro u s  fo rm . H o w ev e r, th e  ta lc  
th a t  w a s  u se d  d id  n o t  lea d  to  c o lla g en  d e p o s itio n . 
T h e  b ro n c h io la r  le s io n s  p ro d u c e d  by  p u re  q u a r tz  
w ere  less m a rk e d  w h en  ta lc  w as a d d e d . T h is  p ro te c ­
tive  effect o f  ta lc  m ay  be e x p la in e d  o n  th e  su p p o s it io n  
th a t  th e  k o n io p h o re s *  w ere  effectively  im m o b iliz e d  by 
p re v io u s  e x p o su re  to  ta lc , th u s  re m o v in g  th e  p o te n tia l  
im p a c t o f  q u a r tz .

W ise  (1955) c o m p a re d  th e  re a c tio n  o f n e rv o u s  tis ­
sue  to  ta lc  a n d  to  s ta rc h  g love  p o w d e rs . T h e  a u th o r  
d id  n o t  d e sc rib e  th e  ty p e  o r  fo rm  o f  ta lc  u se d  b u t  
id en tified  th e  s ta rc h  a s  B IO S O R B ® . H is  o b se rv a tio n s , 
b a se d  o n  a p p ly in g  75 m g o f  each  p o w d e r  to  th e  b ra in , 
sp in a l c o rd  a n d  p e r ip h e ra l ne rv es, re v ea le d  th a t  ta lc  
p ro d u c e d  m o re  sc a rr in g  th a n  s ta rch . A lth o u g h  th e  
to ta l  q u a n ti ty  o f  p o w d e r  a p p lie d  w as n o t  in  excess 
o f  th a t  w h ich  c o u ld  be  re c o v e re d  fro m  a  p a ir  o f  su rg i­
cal g loves, th e  m e th o d  o f  a p p lic a tio n  d id  n o t  a t te m p t  
to  m im ic  th e  d is tr ib u tio n  th a t  m ig h t o c c u r  in  a c tu a l  
u se ; 75 m g  w o u ld  be likely  to  p ro d u c e  a  m u ch  g re a te r  
re sp o n se  w h en  p la c e d  a t  a  specific  site  th a n  if it w ere  
d isp e rse d , a s  m ig h t be  th e  c ase  d u r in g  a  su rg ic a l p r o ­
ced u re .

L iic h tra th  &  S c h m id t (1959). in  a n  e x ce llen t a n d  
w e ll-d o c u m e n te d  trea tise , e m p h a s iz e d  a g a in  th e  im ­
p o r ta n c e  o f  d e fin in g  th e  m in e ra lo g ic a l c o m p o s it io n  
o f  ta lc  b e fo re  a tte m p tin g  to  d e v e lo p  a  c a u s a l  re la tio n ­
sh ip  to  lu n g  d isease. T h e  a u th o r s  q u e s tio n e d  th e  v a lu e  
o f  a d d it io n a l  s tu d ie s  in  m a n  a s  a  m e a n s  o f  a d v a n c in g  
o u r  k n o w le d g e  o n  ta lc  b u t w ere  q u ic k  to  p o in t  o u t  
th a t  e x p e r im e n ta l s tu d ie s  h a v e  fa iled  to  c la rify  th e  
p ro b le m  b e ca u se  o f  th e  v a r ia b le  c o m p o s it io n  o f  d u s ts  
u se d  in a n im a l e x p erim e n ts . T h e ir  s tu d ie s  w ere  
d esig n ed , th e re fo re , to  c o m p a re  th e  p u lm o n a ry  re ­
sp o n se  in r a ts  to  a  sa m p le  o f  p u re  ta lc  c o n ta in in g  
n o  q u a r tz  a n d  o n ly  tra c e s  o f  c h lo r ite , to  tw o  sa m p le s  
c o n ta in in g  fro m  1 to  3%  q u a r tz  p lu s  so m e  c h lo r i te  
a n d  to  a  fo u r th  sa m p le  c o n ta in in g  8 -1 0 %  q u a r tz ,  
p a r tly  in  th e  fo rm  o f  c r is to b a lite . T h e  la t te r  sa m p le
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w as fired  in  th e  c o u rse  o f  n o rm a l  m a n u fa c tu r in g  a n d  
w a s  su b se q u e n tly  g ro u n d . T h e  te s t m in e ra ls  w ere  a d ­
m in is te re d  to  r a ts  by  th e  in tra t r a c h e a l  r o u te  a t  a  d o se  
o f  50 m g  in  1 m l w a te r , b u t  th is  re su lte d  in  e x ten siv e  
d y sp n o e a  a n d  a  h ig h  d e a th  ra te  a s  a  c o n se q u e n c e  
o f  b ro n c h ia l  o c c lu s io n , so  th e  d o se  w a s  re d u c e d  to  
offset th e  a c u te  re sp o n se . O n e  w o n d e rs  w h y  in v e s tig a ­
to rs  w h o  w ere  so m e tic u lo u s  in  d e sc rib in g  th e  s h o r t ­
c o m in g s  a n d  p itfa lls  o f  p re v io u s  s tu d ie s  e r re d  in  th e  
d ire c tio n  o f  a  p o o r  p ro to c o l  by  u s in g  a  m e th o d  of 
a d m in is t r a t io n  th a t  d id  n o t  a t te m p t  to  s im u la te  o c c u ­
p a tio n a l  o r  c o sm e tic  e x p o su re . T h e  ra ts  te s te d  by 
L u c h tra th  &  S c h m id t (1959) d e v e lo p e d  a n  a c u te  in ­
f la m m a to ry  e ffusion  w h ich  “ a ssu m e d  p n e u m o n ia  p ro ­
p o r t io n s ” b u t. a s  th e  in v e s tig a to rs  s ta te d , “ it  is  n o t  
su rp r is in g  if o n e  c o n s id e rs  th e  la rg e  a m o u n t  o f  d u s t  
p e n e tra t in g  in to  th e  lu n g s”. F o llo w in g  th e  a c u te  
p h a se , it b e c a m e  p o ss ib le  to  d isc r im in a te  b e tw ee n  th e  
re a c tio n s  to  th e  d iffe ren t fo rm s o f  ta lc . It w as c o n ­
c lu d e d  th a t  th e  a sp ira t io n  o f  p u re  ta lc  d u s ts  re su lte d  
in th e  d e v e lo p m e n t o f  sm a ll n o d u le s  c o n s is tin g  o f  h is­
tio c y tic  s to ra g e  ce lls  b u t  n o  m a jo r  f ib ro tic  re a c tio n  
w a s  n o te d . In  c o n tr a s t  to  th is , th e  d u s t  c o n ta in in g  
free s ilica  re su lte d  in m a rk e d  p u lm o n a ry  fib ro sis . O n  
th e  b as is  o f  th ese  a n im a l e x p e r im e n ts , L u c h tra th  &  
S c h m id t (1959) e x p ressed  th e  o p in io n  th a t  o n e  w o u ld  
n o t  be  ju s tif ie d  in  c o n d e m n in g  p u re  silica -free  ta lc  
a s  h a v in g  a  f ib ro g e n ic  effect o n  th e  lung . T h e  a u th o r s  
d id  re c o m m e n d , h o w ev er, th a t  a p p ro p r ia te  p ro te c tiv e  
m e a su re s  b e  ta k e n  to  m in im iz e  u n n e c e ssa ry  in d u s tr ia l  
ex p o su re .

K u c h lin g  (1961) in tro d u c e d  ta lc  in to  th e  p e r ito n e a l 
c av ity  o f  five d iffe ren t sp ec ie s  o f  b ird s , su sp e n d in g  
1 -5 g u n d e f in e d  ta lc  in 10 m l sa lin e  a n d  in je c tin g  
v o lu m e s  o f  2 0 -0 -5  m l, d e p e n d in g  u p o n  th e  size o f  th e  
b ird . W h ile  th e re  w ere  m in o r  d ifferen ces in th e  re ­
sp o n ses , it a p p e a re d  th a t  th ese  w ere  less p ro n o u n c e d  
th a n  th e  d ifferen ces r e p o r te d  in  m a m m a lia n  species. 
T h e  s tu d y  a d d e d  very  little  to  a  b e tte r  u n d e rs ta n d in g  
o f  th e  b io lo g ic a l effects o f  talc .

In  1962. tw o  g ro u p s  p u b lish e d  p a p e rs  re la tin g  to  
th e  p e r ito n e a l  re sp o n se s  o f  ta lc . B liim el. P iz a  &  
Z is c h k a -K o n o rs a  (1962) w ere  in te re s te d  p r im a rily  in 
th e  re sp o n se  to  a  s ta rc h  g lo v e  p o w d e r  a n d  u sed  ta lc  as 
a  re fe ren ce  m a te ria l.  T h ey  d e sc rib e d  n e ith e r  th e  s tra in  
o f  ra t  u sed , n o r  th e  m in e ra l c o n te n t ,  so u rc e  o r  d o se  
o f  ta lc  a d m in is te re d . Z u llig  (1962) a ls o  a d m in is te re d  
ta lc  in tr a p e r i to n e a l ly  a n d  su b c u ta n e o u s ly  to  ra ts , b u t  
he , to o , fa iled  to  d isc lo se  th e  c o m p o s it io n  o f  h is  ta lc  
o r  its  so u rc e , w h en  c o m p a r in g  th e  re sp o n se s  to  ta lc  
a n d  to  s ta rc h  in je c te d  in tra p e r i to n e a lly  in  a  2 -m l do se  
o f  a  1% a q u e o u s  su sp en s io n . B o th  in v e s tig a tin g  
g ro u p s  d isc o v e re d  th a t  th e  tis su e  re sp o n se  to  ta lc  w as 
g re a te r  th a n  it w a s  to  s ta rch .

A p o o r ly  u n d e rs to o d  a n d  p ro b a b ly  n o n sp e c if ic  
effect o f  ta lc  w a s  d e sc rib e d  b y  N ish im u ra , R o se n h e im  
&  K le in  (1963) fo llo w in g  th e  su b c u ta n e o u s  a d m in is ­
t r a t io n  o f  a  la rg e  (1-g) d o se  o f  ta lc  o f  U S P  g ra d e  
to  m ice. T h is  d o se  w a s  e q u iv a le n t  to  33 g /k g  b o d y  
w e ig h t o r  1-650 kg  ta lc  a d m in is te re d  to  a  7 0 -kg  
(150-lb ) h u m a n  a d u lt .  A tr a n s ie n t  d e p re ss io n  o f  h e p a ­
tic  c a ta la se  w a s  o b se rv ed , a  re sp o n se  th a t  h a s  a lso  
been  o b se rv e d  in  a n im a ls  w ith  ac tiv e ly  g ro w in g  
m alig n an c ie s. T h e  re sp o n se  w a s  m o re  p ro n o u n c e d  in 
m ales a n d  p ro b a b ly  re la te d  to  th e  in ju ry  im p o se d  by 
in tro d u c in g  a  la rg e  q u a n ti ty  o f  m in e ra l  in to  th e  tissue.

A lth o u g h  a  h u m o ra l  fa c to r  w a s  c o n s id e re d  to  be  a 
p o ss ib le  c a u se  o f  th e  e n zy m e  d e p re ss io n , th e  in v es ti­
g a to r s  su g g e ste d  in h ib it io n  o f  p ro te in  sy n th e s is  a s  an  
a l te rn a tiv e  e x p la n a tio n .

In  a  s tu d y  d e s ig n ed  to  d e m o n s tra te  th e  i r r i ta n t  
a c tio n  o f  a n  a lu m in o s ilic a te  m in e ra l  (sp o d u m e n e), th e  
in te g u m e n t o f r a b b its  w a s  d u s te d  d a ily  w ith  th e  
m in e ra l fo r  90  d ays, a f te r  w h ic h  th e  c o n d it io n  o f  th e  
sk in  w a s  c o m p a re d  w ith  th a t  in tw o  o th e r  g ro u p s  
o f  r a b b its  s im ila rly  t r e a te d  w ith  ro c k  c ry s ta l ( S i 0 2) 
a n d  ta lc  (G r ig o r ’ev, 1963). T h e  a u th o r  re p o r te d  n o  
in d ic a tio n  o f  ir r i ta t io n  in  a n y  o f  th e  a n im a ls  tre a te d  
w ith  ro c k  c ry s ta l o r  talc .

S o m e  o f  th e  l i te ra tu re  o n  ta lc  c o n ta in s  th e  re su lts  
o f  s tu d ie s  w h ich  a p p e a re d  to  b e  d e s ig n ed  to  g e n e ra te  
b a s ic  b io lo g ic a l d a ta  w ith  seem in g ly  l it t le  re lev an ce  
to  o c c u p a tio n a l  h a z a rd  o r  c o sm e tic  use. T h re e  such  
p a p e rs  w ere  p u b lish e d  by  E g er &  D a C a n a l is  (1964), 
K a l te n b a c h , R a d ek e . N ish im u ra  &  S id d iq u i (1966) 
a n d  D a rc y  (1966).

E g er &  D a C a n a l is  (1964) w e n t to  g re a t  le n g th s  to  
in tro d u c e  ta lc  a n d  a sb e s to s  in to  th e  p o r ta l  c irc u la t io n  
a n d  la te r  in to  th e  sp len ic  vein  a s  su sp e n s io n s  in  ca r-  
b o x y m eth y lce llu lo se . U s in g  th e  la t te r  te c h n iq u e , th ey  
w ere  successfu l in d e p o s itin g  u p  to  140 m g /1 0 0 g  b o d y  
w e ig h t o f  e ac h  m in e ra l in to  th e  sp leen , fro m  w h e re  
it  w as g ra d u a lly  re le ased  to  th e  liver. It w as p o ss ib le , 
u s in g  th is  d o se , to  b lo ck  th e  p o r ta l  vein  a n d  its  
b ra n c h e s  c o m p le te ly , w ith  h e p a tic  n e c ro s is  o c c u r r in g  
in  th e  su rv iv o rs . T h e  a u th o r s ’ a d d it io n a l  c o n c lu s io n s  
a b o u t  d ifferen ces in  d e g ree s  o f  n e c ro s is  p ro d u c e d  by  
th e  th re e  m in e ra ls  h a rd ly  seem  w a r ra n te d  w h e n , fo r 
e x a m p le  in  th e  c ase  o f  ta lc , th e y  h a d  o n ly  e ig h t su rv iv ­
in g  ra ts  to  e x a m in e  a t  five d iffe ren t tim es, th e  lo n g est 
p e r io d  b e in g  10 d ays. T h ey  failed  to  m e n tio n  th e  
n u m b e r  o f su rv iv in g  a n im a ls  in th e  g ro u p s  tre a te d  
w ith  th e  o th e r  tw o  m in e ra ls , b o th  o f w h ich  g ro u p s  
w ere  fo llo w ed  for m u ch  lo n g e r  p e r io d s  o f  tim e .

K a l te n b a c h  et al. (1966), in  a n  e x te n s io n  o f  th e  
w o rk  p re v io u s ly  r e p o r te d  by  N is h im u ra  et al. (1963), 
sh o w e d  th a t  in a d d it io n  to  h e p a tic  c a ta la se  d e p re s ­
sio n , th e re  w a s  a lso  a  c o n c o m ita n t  in c re a se  in  th e  
in c o rp o ra tio n  o f  leuc ine . N e i th e r  o b se rv a tio n  w a s  o f  
c lin ica l s ig n ifican ce  a n d  b o th  p ro b a b ly  o c c u rre d  in 
re sp o n se  to  th e  tis su e  d e s tru c tio n  fo llo w in g  th e  a d ­
m in is tra tio n  o f  m assiv e  d o se s  o f  ta lc . U n fo r tu n a te ly , 
th e  in v e s tig a to rs  d id  n o t  use  a n o th e r  m in e ra l  a t  a 
c o m p a ra b le  d o se  a s  a  c o n tro l ,  b u t  it w as be lieved  
th a t  th e  c a ta la se  d e p re ss io n  w a s  n o n sp ec ific .

In  a  so m e w h a t re la te d  s tu d y , D a rc y  (1966) re p o r te d  
o n  th e  e n h a n c e m e n t o f  g ly c o p ro te in  sy n th e s is  fo llo w ­
ing  v a r io u s  fo rm s o f  tis su e  d a m a g e . T is su e  n e c ro s is  
w a s  p ro d u c e d  by  th e  su b c u ta n e o u s  in je c tio n  o f  t u r ­
p e n tin e . S u b se q u e n t in je c tio n s  o f  tu rp e n t in e  o r  ta lc  
a t  a p p ro x im a te ly  400 m g /k g  re su lte d  in a n  in c re ase  
in  se ru m  g lo b u lin . T h e  a u th o r  c o n c lu d e d  th a t  th e  
effect w a s  n o t  su b s ta n c e -sp e c if ic  b u t  w as p ro b a b ly  
m e d ia te d  th ro u g h  d ire c t p h y s ic a l d a m a g e  to  th e  tis ­
sues. F u r th e r  s tu d ie s  o f  a  s im ila r  n a tu r e  w ere  re p o r te d  
b y  G o r d o n  &  K o  (1968).

R a k o w sk i (1964) w a s  o f  th e  o p in io n  th a t  e x ce p t fo r 
th e  w o rk  o f  tw o  S o v ie t a n d  tw o  A m e ric a n  a u th o rs ,  
th e  l i te ra tu re  w a s  d e v o id  o f  s tu d ie s  d e a lin g  w ith  th e  
m o rp h o lo g ic a l  a l te ra t io n s  o c c u rr in g  in  ta lc  p n e u m o ­
co n io s is . B u t a s  d e sc rib e d  e arlie r, five p a p e rs  w ere  
p u b lis h e d  o n  th is  su b je c t p r io r  to  th a t  o f  R a k o w sk i
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(1964). w h o se  s tu d y  offered  little , if any . new  in fo rm a ­
t io n  a n d . in fact, h as b een  su b je c t to  c ritic ism . H e 
fa iled  to  d e sc rib e  th e  ta lc  o r  give its  so u rc e , a n d  h is 
m e th o d  o f  e x p o su re  c o n s is ted  o f  s c a tte r in g  th e  
p o w d e r  by m ea n s  o f  a ru b b e r  b a llo o n  in to  specifica lly  
c o n s tru c te d  cag es— a so m e w h a t p r im itiv e  p ro c e d u re  
fo r th e  ea rly  1960s. F o r  th is  re a so n , th e  a u th o r  w as 
a b le  to  d e sc rib e  o n ly  th e  d u ra tio n  o f  e x p o su re  (2. 4.
6. 8 a n d  12 m o n th s )  a n d  h a d  n o  k n o w le d g e  o f  the  
d a ily  o r  to ta l dose . T h e  re a c tio n  to  ta lc  w a s  c o m p a re d  
w ith  th a t  to  A x o to x  d u st, a  p ro d u c t  c o n ta in in g  95%  
ta lc  p lu s  D D T . B o th  m a te ria ls  p ro d u c e d  in  th e  early  
p h a se s  a  d iffuse in f la m m a tio n  in th e  p a re n c h y m a  
w hich  la te r  b e ca m e  focal. T h e  re sp o n se  to  A xo tox  
w as m o re  in te n se  th a n  th a t  to  ta lc . S c a rrin g  w ith  c o l­
lag en  d e p o s itio n  d id  n o t  o c c u r  u n til  m o n th  10 o r  12.

In  a se ries  o f  e x p e r im e n ts  d ire c te d  to w a rd  a b e tte r  
u n d e rs ta n d in g  o f  th e  p h y s io p a th o lo g y  o f  c o b a lt-  
in d u c e d  ep ilep sy  in th e  ra t. ta lc u m  p o w d e r  w as used  
by P a y a n  (1967) a lo n g  w ith  o th e r  m a te ria ls . T h e  
m in e ra l w as p a c k e d  in to  a  pe lle t m e a su r in g  1 x  2 m m  
a n d  im p la n te d  in to  th e  f ro n ta l  c o rte x  o f  th e  a n im a ls ;  
8 d a y s  la te r  th e  co n v u ls iv e  th re s h o ld  o f  t i e  a n im a ls  
w as c h ec k ed , a n d  o n  d a y  33 th ey  w ere  k illed  a n d  
th e  b ra in s  w ere  fixed in B o u in ’s so lu tio n  fo r h is to - 
p a th o lo g ic a l s tu d y . T h e  c o n v u ls io n  in c id e n ce  w as n o t 
e le v a te d  fo llo w in g  th e  ta lc  e x p o su re  a n d  th e  a u th o r  
re p o r te d  m in im a l o r  n o  re a c tio n s  to  ta lc , g ra p h ite  a n d  
a lu m in a  c ream . N o  m e n tio n  w a s  m a d e  o f  th e  so u rce  
o f  th e  talc.

U s in g  an  in vitro te c h n iq u e  to  m e a su re  th e  ly tic  
effects o f  v a r io u s  m in e ra ls . M a c N a b  &  H a r in g to n  
(1967) a d d e d  50 m g  o f  th e  m in e ra l to  a  2%  su sp e n s io n  
o f  w ash ed  sh e e p  e ry th ro c y te s  in b u ffered  (p H  7-4) iso ­
to n ic  sa line . S ig n ifican t h a e m o ly tic  a c tiv ity  w as a s ­
so c ia te d  w ith  c h ry so tile . se rp e n tin e  a n d  a ll fo rm s o f  
silica  tes ted . T h e  re m a in in g  p o w d e rs , in c lu d in g  talc , 
w ere  e ith e r  c o m p le te ly  in ac tiv e  o r  o n ly  w e ak ly  lytic.

T h e  o n ly  re p o r te d  s tu d y  d e a lin g  w ith  ta lc u m  
p o w d e r  in th e  c h in c h illa  w as th a t  o f  T ra u tw e in  &  
H e lm b o ld t (1967). T h ese  a u th o r s  a tte m p te d  to  p ro v e  
th e  h y p o th e s is  th a t  c h ro n ic  in te rs t i tia l  p n e u m o n ia  in 
th e  c h in c h illa  m ay  b e  a  p re re q u is i te  fo r th e  d e v e lo p ­
m en t o f  a d e n o m a to s is  fo llo w in g  a d m in is t r a t io n  o f  ta lc  
in tra tra c h e a lly  a s  a  2%  su sp e n s io n  in sa line . T h e  ta lc , 
d e sc rib e d  a s  p u re  a n d  o b ta in e d  fro m  F ish e r  Scien tific  
C o m p a n y . F a ir la w n . N .I, w a s  a d m in is te re d  to  each  
a n im a l in  a  v o lu m e  o f  2 0  m l. O n e  g ro u p  o f  c h in ­
c h illa s  rece iv ed  in je c tio n s  a t  1, 20. 50, 70 a n d  90  d ay s 
a n d  w as k illed  11 m o n th s  a f te r  th e  la s t in je c tio n . A 
se c o n d  g ro u p  received  a s in g le  in je c tio n  a n d  th e  a n i­
m als  w ere  k illed  24. 48. 72 a n d  120 h o u rs  a n d  1. 2. 
3. 4. 5. 6. 17 a n d  28 w eeks a fte r  in je c tio n . A n im als  
in a  th ird  g ro u p  w ere  in jec ted  w eekly  fo - 9 w eeks 
an d  su rv iv o rs  w ere  k illed  1. 2 an d  3-5 m o n th s  a fte r 
th e  las t in jec tio n . S ing le  o r  m u ltip le  a d m in is tra t io n  
e v o k e d  essen tia lly  th e  sa m e  re sp o n se . T h e  m in e ra l 
c au sed  c h ro n ic  ir r i ta t io n  c f  th e  b ro n c h io la r  an d  
a lv e o la r  cells a n d  th e  e v e n tu a l d e v e lo p m e n t o f  focal 
a d e n o m a to id  c h an g e s . T h e  a u th o rs  w ere  q u ic k  to  
p o in t o u t th a t  in m a n  a n d  d o m e s tic  an im a ls , s p o n ­
ta n e o u s  p u lm o n a ry  a d e n o m a to s is  is o ften  a sso c ia ted  
w ith  c h ro n ic  p n e u m o n ia  c au sed  by v iruses, b a c te r ia  
a n d  o th e r  ag en ts . It can  b e  p ro d u c e d  in g u in ea -p ig s  
by M y c o b a c te r ia  a n d  in r a b b its  by n o n -c a m in o g e n ic  
su b s ta n c e s  su c h  as b a c te r ia l to x in s , v a cc in ia  v iru s  an d

HC1. In  th is  s tu d y , ta lc  se rv ed  as a  c h ro n ic  a n d  p e r ­
s is te n t ir r ita n t  a n d  as su ch  c re a te d  a  s i tu a t io n  th a t  
w as c o n d u c iv e  to  th e  d e v e lo p m e n t o f  a d e n o m a to s is .

In  a s tu d y  d e s ig n ed  to  m e a su re  th e  im p a c t o f  p e r i­
to n it is  o n  sm a ll- in te s tin e  m o tility . L ili (1967) w as u n ­
a b le  to  find  in f la m m a to ry  c h an g e s  in th e  p e r ito n e u m  
o f  g u in ea -p ig s  e ith e r  m ac ro sc o p ic a lly  o r  m ic ro sc o p i­
cally  fo llo w in g  th e  in je c tio n  o f  3 0  m l o f  a  0-5%  
a q u e o u s  ta lc  su sp en s io n .

G ro s s , d e  T rev ille . C ra lley . G r a n q u is t  & P u n d s a c k  
(1970b) s tu d ie d  in ra ts  th e  p u lm o n a ry  re sp o n se  to  
fib ro u s  d u s ts  o f  d iv erse  c o m p o s itio n , in c lu d in g  tre m o -  
litic  ta lc  w ith  a  h ig h  o r  low  n icke l c o n te n t  a n d  an  
a v e ra g e  fib re  d ia m e te r  o f  0-3 o r  0 1  q m  resp ec tiv e ly . 
All th e  d u s ts  w ere  su sp e n d e d  in w a te r  a t levels u p  
to  25 m g /m l. E x cep t fo r fo u r r a ts  th a t  w ere  k ille d  4 
d a y s  a fte r th e  first in jec tio n , all a n im a ls  w ere  a llo w ed  
to  live o u t  th e ir  lives. T h e  re sp o n se  to  ta lc  w as o n e  
o f  p ro life ra tiv e  in f la m m a to ry  foci fo llo w ed  by c o n ­
s id e ra b le  sh r in k a g e  o f  th e  les io n s a n d  su b s e q u e n t c o n ­
v e rs io n  o f  th e  a rg y ro p h ilic  s t ro m a  in to  d e n se  c o llag en . 
G ro s s  et al. (1970b) m a d e  a  d is t in c tio n  b e tw ee n  " in e r t  
d u s ts "  a n d  " re a c tiv e  d u s ts "  o n  th e  b as is  o f  les io n  
rev ers ib ility , m a in te n a n c e  o f  th e  a n a to m ic a l  in te g r ity  
o f  th e  a ir  sp a c e  a n d  lack  o f  s ig n ific a n t c o lla g e n iz a tio n . 
all o f  w h ich  a re  a sso c ia te d  w ith  in e rt d u s ts . T h e  
a u th o r s  c lassified  ta lc  as a  " re a c tiv e ” m a te ria l, b u t 
in n o n e  o f  th e  a n im a ls  w as th e re  in d ic a tio n  o f  n e o ­
p la s tic  c h an g e . In  a  se c o n d  p a p e r. G ro ss . d e T re v ille  
&  C ra lle y  (1970a) r e p o rte d  o n  s tu d ie s  re la tin g  to  th e  
c a rc in o g e n ic  effects o f  a sb e s to s  d u st. T h e y  fo u n d  th a t  
35%  o f  72 ra ts  e x p o se d  to  a n  a v e ra g e  o f 86 m g  c h ry so - 
tile /'m 3 a n d  su rv iv in g  fo r 16 m o n th s  d e v e lo p ed  n e o ­
p la sm s  in th e  lungs, b u t  h a m s te rs  a n d  g u in ea -p ig s  
s im ila rly  e x p o se d  d id  n o t. T h e  d u s t  c o n ta in e d  signifi­
c a n t  levels o f  c o b a l t  a n d  n ick e l a s  a  c o n se q u e n c e  o f 
th e  w e a rin g  c f  th e  h a m m e r-m ill  u sed  in  its  g e n e ra tio n . 
T o  e x p lo re  th e  p o ss ib le  c o n n e c tio n  b e tw ee n  these  
facts, t ra c e  m e ta ls  w e re  a d d e d  to  sy n th e tic  c h ry so tile  
a n d  th ese  w ere  in jec ted  in tra t r a c h e a lly  in to  ra ts . 
O th e r  g ro u p s  o f  ra ts  w ere  s im ila rly  in je c te d  w ith  ta lc  
h a v in g  a  n a tu ra lly  h ig h  a n d  n a tu ra lly  low  n ick e l c o n ­
ten t. A ll o f  th e  a n im a ls  w ere  a llo w e d  to  live o u t  th e ir  
lives a n d  n o n e  d e v e lo p ed  a n y  tu m o u rs .

T h e  firs t rea l a t te m p t  a t  m in e ra l d e fin itio n  c am e  
fro m  B e th g e -Iw a n sk a  (1971). w h o  s tro n g ly  e m p h a ­
sized  th e  n e e d  fo r s ta n d a rd iz a t io n  o f  th e  m in e ra lo g i-  
cal n o m e n c la tu re  p e r ta in in g  to  ta lc . S he  s tu d ie d  tw o  
d ifferen t g ra d e s  o f  ta lc  by e x p o s in g  ra ts  to  a n  a e ro so l 
o f  d u s t  th a t  v a rie d  fro m  30 to  346 m g /m 3. T h e  d u s t  
w as b lo w n  in to  th e  c h a m b e r  six tim es  a  d a y  a t  1 -h o u r 
in te rv a ls  o v e r a  p e r io d  o f  9 m o n th s . T h e  e x p o su re s  
w ere  in te n d e d  to  s im u la te  th e  c o n d it io n s  o f  e x p o su re  
e n c o u n te re d  by  e m p lo y e es  in th e  ru b b e r  in d u s try . T h e  
tw o  ta lc s  u se d  w ere  d e sc rib e d  a s  tec h n ic a l g ra d e  a n d  
p h a rm a c e u tic a l  g ra d e . T h e  tec h n ic a l g ra d e  c o n ta in e d  
a  sm a lle r  p e rc e n ta g e  o f  sm a ll p a r tic le s  a n d  a  g re a te r  
p e rc e n ta g e  o f la rg e  p a rtic le s  th a n  th e  p h a rm a c e u tic a l  
g ra d e . T h is  a u th o r  d isco v ered , a s  d id  o th e r s  b efo re  
her. th a t  p u lm o n a ry  e x p o su re  to  la rg e  d o se s  o f  ta lc  
re su lte d  in a  sy n d ro m e  o f  n o n sp ec ific , c h ro n ic  in f la m ­
m a to ry  c h a n g e s , w h ic h  in itia lly  w ere  o f  th e  c e llu la r-  
re a c tio n  ty p e  a n d  la te r  b e ca m e  f ib ro tic  in c h a ra c te r ,  
re su ltin g  in  a th ic k e n in g  o f  th e  a lv e o la r  w a lls  a n d  
a tro p h y  o f  th e  a n a to m ic a l  c o m p o n e n ts  o f  th e  r e s p ira ­
to ry  t r a c t  a n d  lea d in g  to  e m p h y sem a . H o w e v e r , she
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c o u ld  n o t  d is tin g u ish  b e tw ee n  th e  tw o  g ra d e s  o f  talc . 
T h e  re a so n  fo r  th is  m a y  h a v e  b een  th e  d o se  used , 
w h ich  m u s t  h a v e  o v e rw h e lm e d  th e  re s p ira to ry  sys tem  
a n d  m a d e  d is c r im in a tio n  b e tw ee n  th e  tw o  ty p es  im ­
possib le .

H a y a sh i (1971) p u b lish e d  a n  e x ten siv e  l i te ra tu re  
rev iew  o n  “ In te ra c t io n  b e tw ee n  m in e ra ls  a n d  th e  liv­
ing  b o d y , w ith  re fe ren ce  to  p n e u m o c o n io s is " . T a lc  
w as a m o n g  th e  m in e ra ls  d iscu ssed . T h e  a u th o r  d is ­
c o v e re d  th a t  th e  firs t specific  tre a tis e  o n  d u s t  to x ic ity  
a p p e a re d  in  De Re Metallica, a  tec h n ic a l b o o k  o n  
m in e ra ls  a n d  m in in g  w r it te n  b y  A g ric o la  in 1556. It 
is a lso  in te re s t in g  to  n o te  th a t  b y  th e  en d  o f  th e  18th 
c e n tu ry , it w as k n o w n  th a t  th e  in h a la tio n  o f  d u s t  w a s  
h a rm fu l b u t  th a t  th e  d e g ree  o f  h a rm  d e p e n d e d  u p o n  
th e  ty p e  o f  d u s t  in h a le d . H a y a s h i (1971) q u ick ly  
re co g n ize d  th a t  th e  h a z a rd  a s so c ia te d  w ith  d u s t  in h a ­
la t io n  m u s t  b e  c o n s id e re d  in  te rm s  o f  p a r tic le  size, 
to ta l  v o lu m e , c o m p o s it io n , d e sc rip tio n  o f  th e  d u s t  a n d  
h is to ry  o f  e x p o su re .

U s in g  a s  a n  in d ex  o f  c y to to x ic ity  th e  a m o u n t  o f  
p a r tic le s  (0 -5-2  0  /im in  size) re q u ire d  to  p ro d u c e  50%  
in h ib it io n  o f  th e  d e h y d ro g e n a se  a c tiv ity  o f  th e  m a c ro ­
p h a g e  su rface , K o sh i, K a w a i &  S a k a b e  (1959) c o n ­
s id e re d  ta lc , a lo n g  w ith  se ric ite  a n d  p y ro p h y llite . to  
be  re la tiv e ly  h ig h ly  c y to to x ic .

P o t t  &  F r ie d r ic h s  (1972) w ere  in tr ig u e d  by th e  
re p o r te d  d ifferen ces in  re a c tio n s  to  d u s ts  o f  v a ry in g  
p h y sica l fo rm s. A c co rd in g ly , th ey  d e s ig n ed  an  e x p e ri­
m en t to  c o m p a re  th e  p e r ito n e a l  re sp o n se  to  f ib ro u s  
d u s ts  o f  d is s im ila r  c h e m ic a l c o m p o s it io n  w ith  th a t  o f  
d u s ts  th a t  w e re  e sse n tia lly  s im ila r  c h em ica lly  b u t d if­
fered  in  p h y s ic a l fo rm . E ac h  ra t  rece iv ed , in tra p e r i-  
to n e a lly , 25 m g  o f  a  specific  d u s t  su sp e n d e d  in sa lin e  
u p  to  fo u r  tim e s  e a c h  w eek . T h e  in v e s tig a to rs  n e g ­
lec te d  to  m e n tio n  th e  to ta l  n u m b e r  o f  in je c tio n s  g iven 
to  e ach  ra t, b u t  th e y  d id  in d ic a te  th a t  th e  a n im a ls  
w ere  o b se rv e d  fo r  u p  to  530 d ays. C h ry so tile , n o rm a -  
lin e  a n d  g lass , v e ry  d iffe re n t c h em ica lly  b u t  s im ila r  
p h y sica lly , p ro d u c e d  in tra -a b d o m in a l  tu m o u rs  to  th e  
sa m e  degree . T h e  n o n -f ib ro u s  d u sts , in c lu d in g  talc , 
d id  n o t .  T h e y  c o n c lu d e d  th a t  th e  c a rc in o g e n ic  a c tio n  
o f  c h ry so tile  w a s  d u e  to  th e  p re se n c e  o f  fib res  ex ceed ­
in g  2 -3  /im  in  leng th .

T o  u n d e rs ta n d  b e tte r  th e  p ro c e ss  o f  m in e ra l fib ro - 
genesis , D a v is  (1972) in tro d u c e d  10-m g q u a n ti t ie s  o f 
v a r io u s  d u s ts  in to  th e  p le u ra l c av ity  o f  B A L B /c  m ice. 
M a n y  th e o r ie s  h a v e  b een  a d v a n c e d  o v e r th e  y ears  
a s  to  th e  m e c h a n ism  o f  d u s t- in d u c e d  fib ro s is  a n d  
m o s t  o f  th ese  h a v e  s te m m e d  fro m  s tu d ie s  in v o lv in g  
silica  a n d  a sb e s to s . T h e  th e o r ie s  re la tin g  to  silica  h a v e  
e m b ra c e d  th e  l ib e ra tio n  o f  silic ic  ac id , th e  a b ra s iv e  
su rface  o f th e  d u s t ,  th e  in v o lv e m e n t o f  th e  a u to ­
im m u n e  sy s tem , a n d  th e  d e s tru c tio n  o f  th e  m a c ro ­
p h a g e  cell m e m b ra n e  w ith  lib e ra tio n  o f  ly o so m al 
enzym es. I t  a p p e a rs  th a t  fib re  len g th  p lay s  a  ro le  in 
a sb e s to s  f ib ro g en esis . T h e  ta lc  sa m p le s  u sed  b y  D a v is
(1972) w ere  n o t  p u re ;  h e  d e sc rib e d  th e m  a s  ir re g u la r ly  
sh a p e d  p la te s  1 -1 0  /a n  in  le n g th  m ix e d  w ith  sm all 
q u a n ti t ie s  o f  a sb e s to s  fib res  0-05-0-5 /ini in  d ia m e te r  
a n d  u p  to  2-0 /im in  len g th . O n e  w o n d e rs  w h y  a  m ix ed  
m in e ra l w a s  u se d  in  a n  e x p e r im e n t d e s ig n ed  to  p ro ­
m o te  u n d e rs ta n d in g  o f  th e  p ro c e ss  a s so c ia te d  w ith  
d u s t  fib ro sis . T a lc , a lo n g  w ith  five o th e r  m in e ra l d u sts , 
w as re p o r te d  to  g e n e ra te  a n  e x tre m e ly  g o o d  c e llu la r  
resp o n se . L a rg e  g ra n u lo m a s  w ere  p ro d u c e d  b u t  th e

p a rtic le s  w ere  w id e ly  sp aced . A few g ia n t  cells  w ere 
o b se rv ed . T h e  g ra n u lo m a s  b e ca m e  e n c a p su la te d  b u t. 
in  th e  c ase  o f  ta lc , w ere  firm ly  a t ta c h e d  to  th e  lu n g  
o r  c h e s t w all. A s a  ru le , th e  c e llu la r  c o m p o n e n ts  o f 
th e  g ra n u lo m a s  w ere  re p la ce d  by c o lla g en  o v e r a 
p e r io d  o f  6 -8  m o n th s . D a v is  (1972) c o n c lu d e d  th a t  
lo n g  f ib ro u s  d u s ts  a re  u su a lly  th e  o n e s  to  p ro d u c e  
a d h e s io n s  e x ce p t in  th e  c ase  o f  ta lc , w ith  w h ic h  a d h e ­
s io n s  w ere  c o m m o n ly  fo u n d . In  a sse ss in g  th e  signifi­
c a n c e  o f  th is  c o n c lu s io n , it  is im p o r ta n t  to  re m e m b e r  
th a t  p u re  ta lc  w a s  n o t  u sed  in  th ese  s tu d ie s  b u t  ra th e r  
a  m ix tu re  o f  ta lc  a r d  a sb esto s .

T h e  effect o f  ta lc  o n  th e  im m u n o g lo b u lin  (Ig) re ­
sp o n se  in  m ice  w as s tu d ie d  by  C a rso n  &  K a lte n b a c h
(1973) fo llo w in g  th e  s u b c u ta n e o u s  in je c tio n  o f  s te rile  
ta lc  in to  N Z B , N Z W  a n d  S tro n g  A m ice. T h e  ta lc  
w a s  n o t  id en tified  a s  to  ty p e  o r  so u rc e , b u t  th e  
a u th o r s  n o te d  th a t  a  s in g le  in je c tio n  re su lte d  in an  
in c re a se  in se ru m  Ig M  a t  24 h o u rs  a n d  a n  in c re ase  
in Ig G  a t  2 4 -4 8  h o u rs . A d o u b le  in je c tio n  d id  n o t  
a l te r  th e  re sp o n se  n o r  d id  a  se c o n d  in je c tio n  g iven  
a t a d ifferen t tim e . T h e  re sp o n se  w as p ro b a b ly  
m e d ia te d  th ro u g h  a n  a u to - im m u n e  m ec h an ism , 
w h ere in  th e  ce llu la r  a n d  e x tra c e llu la r  p ro te in s  w ere 
m o d ified  in to  fo re ig n  p ro te in s  by ly so so m a l e n zy m es 
fo llo w in g  th e  in f la m m a to ry  re sp o n se . T h e  m o d ified  
p ro te in s  c o u ld  h av e  b e co m e  a b so rb e d  o n  to  th e  ta lc  
w ith  su b se q u e n t s t im u la tio n  o f  th e  h o s t 's  im m u n e  
m ec h an ism . T a lc  w as n o t th o u g h t  to  ac t as an 
a n tig e n .

S c h e n k e r  &  P o lish u k  (1973) s tu d ie d  th e  effect o f  
v a r io u s  a g en ts  o n  e n d o m e tria l  r e g e n e ra tio n , in e x p e r i­
m e n ts  p ro m p te d  by th e  re p o r te d  in c id e n ce  o f  in t r a ­
u te r in e  a d h e s io n s  fo llo w in g  p h y sic a l d a m a g e  to  th e  
m u c o sa , as m ig h t o c c u r  d u r in g  a b o r t io n .  U s in g  r a b ­
b its . th e y  in tro d u c e d  2 m l o f  a  10% su sp e n s io n  o f  
ta lc  in to  o n e  h o rn  o f  th e  u te ru s  o f  o n e  g ro u p  o f  a n i­
m als. O th e r  a n im a ls  w ere  t r e a te d  w ith  10%  fo rm a ld e ­
h y d e  in  sa lin e . 2%  fo rm a ld e h y d e  in e th a n o l,  c o p p e r  
su lp h a te  p e n ta h y d ra te  pe lle ts . 0-3%  so d iu m  la u ry l su l­
p h a te  o r  q u in a c r in e  HC1 (5 0 m g /m l) . T h e  u te ri  w ere  
re m o v e d  a f te r  v a r io u s  p e r io d s  o f  tim e  a n d  w ere  fixed 
a n d  su b se q u e n tly  e x a m in e d  fo r e v id e n ce  o f  p e rs is te n t 
m u c o sa l d a m a g e  c r  re g e n e ra tio n . T a lc , la u ry l su l­
p h a te  a n d  q u in a c r in e  d id  n o t  in d u c e  c h a n g e s  g re a te r  
th a n  th o se  p ro d u c e d  by c u re tta g e  a lo n e , w h ile  2%  
fo rm a ld e h y d e  a n d  c o p p e r  su lp h a te  in d u c e d  sig n ifican t 
u te r in e  p a th o lo g y  b u t. u n lik e  10%  fo rm a ld e h y d e , d id  
n o t  p re v e n t re g e n e ra tio n .

In  M a y  1973. a t  a  S y m p o s iu m  sp o n s o re d  by th e  
U n ite d  S ta te s  B u re a u  o f  M in es . S m ith  re p o r te d  on 
stu d ies , w h ic h  h e  h a d  c o m p le te d  b u t n o t  p u b lish ed , 
o n  tre m o litic  talc . A fte r s im p le  in tr a p lu r a l  in je c tio n  
o f  v a r io u s  d o se s  o f  c h ry so tile . a m o s ite . a n th o p h y ll ite .  
c ro c id o li te  a n d  tre m o litic  ta lc  in to  g ro u p s  o f  50 h a m ­
ste rs , th e  a n im a ls  w ere  a llo w e d  to  su rv iv e  fo r v a ry in g  
p e r io d s  o f  tim e. E x ce p t fo r  th e  ta lc , w h ich  w a s  a d m in ­
is te re d  in a  d o se  o f  25 m g. th e  m a te ria ls  w ere  a d m in is ­
te re d  in  25-, 10- a n d  1-m g q u a n ti t ie s .  T h e se  s tu d ie s  
b y  S m ith  (1973) p ro v e d  a g a in  w h a t h a d  b een  k n o w n  
fo r  o th e r  c a rc in o g e n s , n a m e ly  th a t  th e  c a rc in o g e n ic  
effects o f  c h ry so tile  a re  d o se -re la te d  a n d  th a t  th e  im ­
p le m e n ta tio n  o f  a p p ro p r ia te  c o n tro l  m e a su re s  sh o u ld  
e lim in a te  a n y  o c c u p a tio n a l  risk . H is  s tu d ie s  a lso  
sh o w ed  th a t  th e  f ib ro g en ic  a c tiv ity  o f  tre m o litic  ta lc  
w as m u ch  less th a n  th a t  o f  th e  o th e r  fo u r  ty p es  o f
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a sb e s to s , a lth o u g h  th e  sa m p le  u se d  in th ese  s tu d ie s  
c o n ta in e d  50%  fib ro u s  ta lc  ra n g in g  fro m  2-5 to  
16-5 /¿m in len g th  a n d  fro m  1 to  5 ¡im ir, d iam e te r . 
T h e  a n im a ls  in je c te d  w ith  ta lc  su rv iv e d  lo n g e r  th a n  
th o se  in th e  o th e r  g ro u p s , a n d  th e re fo re  w ere  su b jec t 
to  a  lo n g e r  in d u c tio n  tim e , ye t n o  m e so th e lio m a s  d e ­
v e lo p ed . T h r o u g h o u t  th e  tes t, a n im a ls  t r e a te d  w ith  
c h ry so tile  w ere  fo u n d  to  h av e  th ic k  fib ro u s  p leu ra l 
a d h e s io n s  e x te n d in g  o v e r  la rg e  a re a s  o f  th e  lung , 
w h e re a s  a n im a ls  tre a te d  w ith  ta lc  n e v e r  sh o w ed  m o re  
th a n  sm a ll d e p o s its  o f  m in e ra l p a rtic le s  w ith  re la tiv e ly  
lit t le  t is su e  re ac tio n .

R e su lts  d e a lin g  w ith  th e  te ra to lo g ic a l a n d  m u ta ­
g en ic  effects o f  ta lc  w ere  re v ea le d  in  tw o  H E W -su p -  
p o r te d  s tu d ie s  (F o o d  a n d  D ru g  R e se arc n  L a b o ra ­
to rie s , Inc., 1973; L it to n  B io n etics , In c ., 1973). T h e  
te ra to lo g y  s tu d ie s , c o n d u c te d  b y  th e  F o o d  a n d  D ru g  
R e se a rc h  L a b o ra to r ie s ,  in v o lv e d  ra ts , m ice  a n d  h a m ­
sters. T h e  m in e ra l w a s  a d m in is te re d  o ra lly  a t  d o se s  
o f  1 6 0 0 m g /k g  (to  m ice  a n d  ra ts )  a n d  1 2 0 0 m g /k g  (to  
h a m s te rs )  fro m  d a y  6 to  15 in th e  c ase  o f m ice  a n d  
ra ts  a n d  fro m  d a y  6 to  10 in  th e  c ase  o f  h a m s te rs . 
T h e  re su lts  in d ic a te d  n o  effect o n  th e  p a ra m e te rs  
m ea su re d .

T h e  m u ta g e n ic  s tu d ie s  c o n d u c te d  b y  L it to n  B io n e ­
tics. Inc. te s te d  th e  sam e  ta lc  a s  w a s  u se d  fo r th e  
te ra to g e n ic ity  s tu d ie s  a n d  u sed  fo u r  c la ss ica l tes t 
m o d els , n a m e ly  th e  h o s t-m e d ia te d  a ssa y  in  m ice, th e  
in vivo c y to g e n e tic  a ssa y  in  ra ts , th e  in vitro c y to g e n e ­
tic  a ssa y , a n d  th e  d o m in a n t  le th a l a ssa y  in  ra ts . F o r  
e ac h  o f  th e  in vivo a ssay s, d o se s  o f  30. 300 a n d  
3000 m g /k g  w ere  used , w h ile  d o se s  o f  2. 20 a n d  
200 m g /m l w ere  u sed  in  th e  in vitro a ssay . N o  signifi­
c a n t  in c re ase  in m u ta n t  re c o m b in a n t freq u e n c ie s  w ere  
o b se rv e d  in S a lm o n e lla  a n d  S a c ch a ro m y c e s , n o  d e ­
te c ta b le  a b e r ra t io n s  o f  b o n e -m a rro w  m e ta p h a se  
c h ro m o s o m e s  o c c u rre d , n o r  w ere  th e  a n a p h a se  
c h ro m o s o m e s  o f  h u m a n  tis su e  c u ltu re  cells n o ted . 
L as tly , th e  m in e ra l w as c o n s id e re d  to  be  n o n -m u ta -  
g en ic  b y  th e  d o m in a n t  le th a l assay .

P o t t .  H u th  &  F r ie d r ic h s  (1974) c o n d u c te d  an  ex­
p e r im e n t in r a ts  to  s tu d y  th e  tu m o rig e n ic  effect o f  
f ib ro u s  a n d  g ra n u la r  d u s ts  in tro d u c e d  in to  th e  p e ri­
to n e a l c av ity  a s  a  su sp e n s io n  (25 m g /2  m l) in saline. 
T h e  in v e s tig a to rs  a llo w e d  th e  a n im a ls  to  live o u t  th e ir  
n o rm a l  lives o r  k illed  th em  w h en  th e y  w ere  m o r i­
b u n d . A ll tu m o u rs  w ere  s tu d ie d  h is to lo g ic a lly . U IC C  
s ta n d a rd  a sb e s to s  a s  w ell a s  p o ly g o rsc ite , n o rm a li te  
a n d  g la s s  in d u c e d  tu m o u rs  in 3 0 -6 7 %  o f  th e  ra ts , 
w h ile  sev e ra l n o n -f ib ro u s  d u s ts  c lo se ly  re la te d  to  
c h ry so tile  (such  a s  a c tin o lite , b io tite , p e c to lite  a n d  ta l­
cu m ) led to  tu m o u rs  in o n ly  a  few  cases. H is to lo g i­
cally  n e a r ly  all o f th e  tu m o u rs  w ere  s a rc o m a to u s  
m eso th e lio m a s .

H e n d e rso n , B lu n d e ll, R ic h a rd s . H e x t, V o lc an i &  
G riff ith s  (1975) s tu d ie d  th e  b e h a v io u r  o f  c u ltu re d  r a b ­
b it- lu n g  f ib ro b la s ts  w h en  c o n fro n te d  w ith  p a r tic le s  o f  
ta lc , by  a d d in g  a n  u n d isc lo se d  d o se  o f  ( I ta l ia n  00000) 
ta lc  to  100 fit o f  M e d iu m  199, 24 h o u rs  a f te r  su b c u l­
tu r in g . a n d  re m o v in g  sa m p le s  o f  th e  c u ltu re  a t  v a r io u s  
tim e s  fo r  e le c tro n  m ic ro sc o p y . T h e y  w ere  a b le  to  
sh o w  th a t  ta lc  p a r tic le s  u p  to  1 0 ^ m  c an  b e  p h a g o - 
c y to se d  by f ib ro b la s ts  a n d , like ch ry so tile . d o  n o t 
p e n e tra te  th e  n u c le a r  m e m b ra n e .

T h e  m o s t m ea n in g fu l s tu d y  re la tin g  to  th e  use  o f  
c o sm e tic  ta lc  w a s  c o n d u c te d  re ce n tly  by  W eh n e r,

Z w ick e r, C a n n o n , W a tso n  &  C a r lto n  (1977) S y ria n  
g o ld en  h a m s te r s  w ere  e x p o se d  in  a  sp e c ia lly  d e s ig n ed  
c h a m b e r  to  a  d u s t  c lo u d  o f  c o sm e tic  ta lc  fo r  v a ry in g  
p e r io d s  o f  tim e  b a se d  o n  th e  c a lc u la te d  m e d ia n  
h u m a n  ex p o su re . T h e  d o se  w a s  a r r iv e d  a t  by  s im u la t­
in g  th e  d u s tin g  o f  an  in fa n t a n d  c o lle c tin g  th e  d u s t  
c lo u d  a t  th e  level o f  th e  n a res. M e a n  d u s tin g  tim e s  
o f  in fa n ts  a lso  e n te re d  in to  th e  c a lc u la tio n . G ro u p s  
o f  a n im a ls  w ere  e x p o se d  to  an  a tm o s p h e re  o f  ta lc  
(9-8 ±  2-4 m g /m 3), c o n s is tin g  o n ly  o f  p a r tic le s  in th e  
re sp ira b le  ra n g e , fo r p e rio d s  o f  tim e  e q u iv a le n t to
1 2 -6 0 0 0  m g  h r /m 3. T h e  h a m s te rs  w ere  th e n  a llo w e d  
to  live o u t  th e ir  lives. E s tim a te s  b a se d  o n  in fan t d u s t ­
in g  e x p e r im e n ts  sh o w  th a t  th e  w eekly  h a m s te r  e x p o ­
su re  ex ceed ed  th e  a v e ra g e  w eek ly  in fan t e x p o su re  by 
30 to  1700 tim es. T w o  a d d it io n a l  g ro u p s  o f  h a m s te rs  
re p re se n te d  sh a m  c o n tro l  g ro u p s . T h e se  s tu d ie s  in d i­
c a te d  th a t  th e  e x p o su re  o f  h a m s te rs  to  a n  a e ro so l 
o f  c o sm e tic  ta lc  re su lte d  in th e  d e p o s itio n  o f 
n u m e ro u s  ta lc  p a r tic le s  in th e  lu n g s, a s  d e te rm in e d  
w ith  th e  lig h t m ic ro sc o p e  a n d  c o n f irm e d  in  a  su b ­
se q u e n t s tu d y  by th e  use  o f  n e u tro n -a c t iv a te d  ta lc  
(W eh n er, W ilk e rso n . C a n n o n , B u sc h b o m  &  T a n n e r .
1977). At th ese  levels o f  e x p o su re , th e re  w as n o  effect 
o n  b o d y  w eigh t, m o rb id ity , m o rta l ity  o r  ty p e  an d  
in c id e n ce  o f  h is to p a th o lo g ic a l  ch an g e .

A n o th e r  re c e n t p a p e r  d e a lin g  w ith  th e  b io lo g ic a l 
re sp o n se  to  ta lc  d e sc rib e s  a n  e x p e r im e n t c o n d u c te d  
to  a sse ss  th e  r isk s  o f  th e  n a rc o t ic  a d d ic t  to  p a re n te ra l  
in je c tio n s  o f  ta b le ts  c o n ta in in g  ta lc  a s  a  filler. D o g ra , 
Iyer, S h a n k e r  &  Z a id i  (1977) d e sc rib e d  th e  p a rtic le -  
size d is t r ib u t io n  a n d  c h em ica l c o m p o s it io n  o f a  ta lc  
o b ta in e d  fro m  Ja ip u r , In d ia , a n d  u sed  in th e ir  s tu d ies , 
in  w h ich  25 m g  ta lc  in  0 5  m l sa lin e  w a s  in je c te d  in tr a ­
v e n o u sly  in to  g u in e a -p ig s  th re e  tim e s  a t  w eek ly  in te r ­
vals. A sig n ific a n t n u m b e r  o f  a n im a ls  d ie d  im m e d i­
a te ly  a f te r  th e  se c o n d  o r  th ird  dose . T h e  in v e s tig a to rs  
d e sc rib e d  a  m ild  p ro life ra t io n  o f  th e  p u lm o n a ry  v as­
c u la r  e n d o th e liu m  w ith  a  m o d e ra te  lo c a liz a tio n  of 
ta lc  in th e  c a p illa r ie s  o f  th e  lu n g  a n d  liv er a n d  in 
th e  a b d o m in a l  ly m p h  n o d es. T h e  lo n g - te rm  effects 
(150 d ay s) in  g u in e a -p ig s  w ere  d e sc rib e d  a s  m o d e ra te  
th ic k e n in g  o f  th e  in te r-a lv e o la r  sep ta , in  c o n tr a s t  to  
th e  d e v e lo p m e n t o f  g ra n u lo m a s  a n d  a n g io th ro m b o tic  
le s io n s  seen  in th e  h u m a n  a d d ic t.

Conclusions
A lth o u g h  th e  ta lc s  u sed  in a  v a rie ty  o f  s tu d ie s  d e ­

sc rib ed  in th e  l i te ra tu re  h a v e  n o t  been  a d e q u a te ly  
c h a ra c te riz e d , it  is p o ss ib le  to  fo rm u la te  a  few g e n e ra l 
c o n c lu s io n s  o n  th e  b io lo g ic a l re sp o n se  to  th is  m in e ra l. 
I t h a s  b e en  sh o w n  th a t  th e  m in e ra l, in d ifferen t 
d eg rees  o f  p u r ity , is f ib ro g en ic  a n d  th a t  th e  f ib ro tic  
re sp o n se  is a  fu n c tio n  o f  th e  dose . I t h a s  a lso  been  
sh o w n  th a t  c e r ta in  levels o f  e x p o su re  a re  to le rab le . 
N e o p la s ia  h a s  n o t  b een  an  o b se rv e d  re sp o n se  to  talc .
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ROLE OF SULTONE CONTAMINANTS IN AN OUTBREAK OF 
ALLERGIC CONTACT DERMATITIS CAUSED BY ALKYL 

ETHOXYSULPHATES: A REVIEW
W . E. Lindup and P. T. Nowell

D epartm ent o f  P harm acology  and T herapeu tics . U n ivers ity  o f  L iverpool.
P.O. B o x  147. L iverpoo l L 6 9  3 B X . E ngland

(R ece ived  ti A ugust 1977)

Sum m ary—An outbreak of severe allergic contact dermatitis occurred in Norway in 1966 in women 
who had used a new dish-washing product containing an alkyl ethoxysulphate. The dermatitis was 
sometimes accompanied by adverse systemic effects. Subsequent investigations revealed the presence 
of unsaturated sultone and chlorosultone contaminants in the alkyl ethoxysulphate component of a 
particular batch of the detergent. Their presence was attributed to abnormal manufacturing conditions. 
These sultones were shown to be potent skin sensitizers and the allergic contact dermatitis was attri­
buted to them. The various clinical, toxicological and analytical aspects of this occurrence are reviewed 
and discussed here. The work represents a model study of this type of problem, in which an occasional 
contaminant in a commercial product gives rise to untoward skin reactions.

Introduction

A lkyl e th o x y s u lp h a te s  (a lky l e th e r  su lp h a te s ;  A E S) 
a re  a n io n ic  s u r fa c ta n ts  th a t  h a v e  b een  in  w id e sp re a d  
use fo r o v e r  20  y e a rs  in a  v a r ie ty  o f  d o m es tic  
p ro d u c ts , in c lu d in g  d ish -w a sh in g  liq u id s , sh a m p o o s , 
b u b b le -b a th  p re p a ra tio n s ,  c a r  c le a n e rs , c o sm e tic s  a n d  
s im ila r  p ro d u c ts ,  w i th o u t  a n y  r e p o r te d  ev id en ce  o f  
sk in -se n sitiz in g  a b il i ty  (W alk e r. A sh fo rth . D av ies . 
N e w m a n  &  R itz . 1973). In  1966, th e re  w a s  a n  o u t ­
b re a k  o f  severe  a lle rg ic  c o n ta c t  d e rm a ti t is  in N o rw a y  
(M a g n u sso n  &  G ilje . 1973) in  w o m e n  w h o  h a d  u sed  
a  n e w  d ish -w a sh in g  p ro d u c t  c o n ta in in g  A E S  a s  a  
m a jo r  c o n s titu e n t.  A p a r t  fro m  so d iu m  lau ry l e th e r  
su lp h a te  (21-7%), th e  p ro d u c t  c o n ta in e d  n o n y lp h e n o l 
e th o x y la te  (6-0%), te r t ia ry  a m in e  o x id e  (2-0°o). e thanol-, 
(6-5%), fo rm a ld e h y d e  (0-2%) a n d  c o lo u r  a n d  p e rfu m e  
(003% ).

S o m e  o f  th e se  c a se s  o f  d e rm a ti t is  w ere  a c c o m ­
p a n ie d  by  sy s tem ic  sy m p to m s  o f  h e ad a ch e , n a u se a , 
fever a n d  d e p re ss io n . T h e  d e rm a ti t is  w as a tt r ib u te d  
to  th e  A E S  c o m p o n e n t  o f  th e  d ish -w a sh in g  liqu id . 
T h is  w as su rp r is in g  b e ca u se  A E S  is g e n e ra lly  less ir r i ­
ta t in g  to  h u m a n  sk in  th a n  a re  o th e r  su rfa c ta n ts  
(S m een k , 1969; V a le r, 1969) a n d  p u re  lau ry l e th o x y ­
su lp h a te  (L E S ) e x h ib its  n o  se n sitiz in g  a c tio n  in  th e  
g u in e a -p ig  m a x im iz a tio n  te s t (G lo x h u b e r, P o to k a r ,  
B ra ig , v an  R a a y  &  S ch w arz , 1974). F u r th e rm o re ,  th e  
sys tem ic  sy m p to m s  w ere  c o m p le te ly  u n e x p ec te d . T w o  
o th e r  u n e x p la in e d  S c a n d in a v ia n  o u tb re a k s  o f  a lle rg ic  
c o n ta c t  d e rm a ti t is  w ith  p ro d u c ts  c o n ta in in g  L E S  w ere  
a lso  m e n tio n e d  by  M a g n u sso n  &  G ilje  (1973) 
to g e th e r  w ith  a n  o u tb re a k  in S w eden  in 1953-54  
a s so c ia te d  w ith  a  d e te rg e n t c o n ta in in g  so d iu m  lau ry l 
su lp h a te , w h ic h  u p  to  th a t  t im e  w as b e liev ed  to  be 
free fro m  su ch  e ffec ts; th is  seem ed  re le v a n t to  th e  
p ro b le m  since  L E S  a p p a re n tly  c o n ta in s  a b o u t  15% 
so d iu m  la u ry l su lp h a te .

T h e  a lk y l e th o x y s u lp h a te s  h a v e  th e  g e n e ra l fo rm u la

H - [ C H 2)„-[O C 2H 4] m- O S O j M + w h e re  n u su a lly  h a s  
v a lu e s  a ro u n d  12-16. m is u su a lly  a n  a v e ra g e  n u m b e r  
b e tw een  2 a n d  12. a n d  M + is a  so d iu m  o r  a m m o n iu m  
ion . In  th e  a lk y l e th o x y s u lp h a te  im p lic a te d  in th e  
N o rw e g ia n  c ases  o f d e rm a titis ,  v a lu e s  fo r n w ere  
p re d o m in a n tly  12 a n d  14 (C o n n o r . R itz . A m p u lsk i. 
K o w o llik . L im . T h o m a s  &  P a rk h u rs t .  1975). T h is  
m a te ria l w as re fe rre d  to  a s  lau ry l e th o x y s u lp h a te  
s ince  la u ry l a lc o h o l is th e  tr iv ia l n a m e  fo r 
C 12H 25O H .

T h e re  is n o w  ev id en ce  th a t  th e  N o rw e g ia n  o u t ­
b re a k  w as d u e  to  c h lo r in a te d  a n d /o r  u n s a tu r a te d  su l­
to n e  c o n ta m in a n ts  p re se n t in  o n e  p a r tic u la r  b a tc h  o f 
L E S  (C o n n o r  et al. 1975). T h is  a r tic le  rev iew s th e  
c lin ica l, to x ic o lo g ic a l a n d  a n a ly tic a l  a sp e c ts  o f  th e  
p ro b le m  a n d  so m e  g e n e ra l im p lic a tio n s  a re  d iscu ssed , 
b e ca u se  th e  w o rk  re p re se n ts  a m o d el s tu d y  o f  th e  
ty p e  o f  p ro b le m  in w h ich  o c c a s io n a lly  a  to x ic  c o n ­
ta m in a n t  is re sp o n s ib le  fo r u n to w a rd  to x ic  re a c tio n s  
e lic ited  by a  c o m m e rc ia l p ro d u c t.

Clinical observations
M a g n u ss o n  &  G ilje  (1973) d e sc rib e d  th e  N o rw e ­

g ian  o u tb re a k  o f  d e rm a ti t is  in  d e ta il. G e n e ra lly , a  
severe  d e rm a ti t is  a p p e a re d  a b o u t  2 w eek s a f te r  e x p o ­
su re  to  th e  d ish -w a sh in g  liq u id  a n d  th e  o n se t w as 
a lw ay s  a cu te . T h e  d e rm a ti t is  a p p e a re d  firs t o n  th e  
h a n d s , e sp ec ia lly  o n  th e  fin g ers  a n d  d o rsu m  o f the  
h a n d , a n d  th en  o ften  sp re a d  to  th e  fo re a rm s  a n d  face. 
S evere  itc h in g  o c c u 'r e d  a n d  th e re  w a s  a  m a rk e d  te n d ­
en cy  to  o e d e m a  w ith  sw elling  o f  th e  n eck  a n d  face 
a n d  a ro u n d  th e  eyes. S o m e  p a tie n ts  h a d  sys tem ic  
sy m p to m s , w h ich  in c lu d e d  a  h e a d a c h e  fo r  a  d a y  o r  
tw o . fever, n a u se a  a n d  a  p e c u lia r  w e ak n e ss  a n d  
a p a th y . It w as n o te d  th a t  th e  p ic tu re  so m e w h a t 
re se m b le d  th e  effects p ro d u c e d  by p o iso n  ivy (R hus). 
T h e  d e rm a ti t is  h e a led  slow ly  w ith in  3—4 w e ek s ; so m e 
c ases  re q u ire d  sy s tem ic  t r e a tm e n t w ith  c o r tic o s te ro id s
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in  h o sp ita l.  A c c o rd in g  to  M a g n u ss o n  &  G ilje  (1973). 
th e  to ta l  n u m b e r  o f  c ases  w a s  e s tim a te d  to  be  5 0 0 -  
1000 o u t  o f  an  e x p o se d  p o p u la tio n  o f  2 0 0 .0 0 0 -
500,000.

Sensitization testing
M a g n u ss o n  &  G ilje  (1973) p e rfo rm e d  p a tc h  te s ts  

o n  24 p a tie n ts  w h o  h a d  d e v e lo p e d  d e rm a ti t is  a f te r  
th e  use  o f  th e  d e te rg e n t in q u e s tio n  c o n ta in in g  L E S  
a n d  o n  a  fac to ry  w o rk e r  w h o  h a d  a lle rg ic  c o n ta c t  
d e rm a ti t is  a n d  w h o  h a d  been  h eav ily  e x p o se d  to  L ES . 
T h e y  a ls o  in v es tig a te d  th e  a lle rg e n ic ity  o f L E S  in 
g u in ea -p ig s . T h e  re su lts  o f  th ese  in v e s tig a tio n s  in d i­
c a te d  th a t  th e  c a u se  o f  th e  d e rm a ti t is  w a s  a  p a r tic u la r  
b a tc h  o f  L E S  (d e s ig n a ted  L E S  13-2035) w h ich  h a d  
been  m a n u fa c tu re d  in S w eden . In  o n e  o f  th e  p a tie n ts , 
th e  re la tiv e ly  sm all a m o u n t  o f  a lle rg e n  a p p lie d  in th e  
p a tc h  te s tin g  w as su ffic ien t to  p ro d u c e  th e  sys tem ic  
sy m p to m s  m en tio n ed .

L E S  13-2035  a n d  18 o th e r  sa m p le s  o f  L E S . in c lu d ­
in g  o n e  fro m  th e  sam e  fa c to ry  th a t  p ro d u c e d  L E S
13-2035 , w ere  su b je c te d  to  fu r th e r  e x ten siv e  tes tin g  
by  W a lk e r  et al. (1973). w h o  u se d  tw o  ty p es  o f g u in ea - 
p ig  se n s itiz a tio n  tes t. B o th  a  m o d if ic a tio n  o f  th e  
m e th o d  o f  M a g n u ss o n  &  K lig m a n  (1969) a n d  th e  
m e th o d  o f  B u e h le r  (1965) sh o w ed  th a t  th e  sen sitiz in g  
a b il i ty  o f  L E S  13-2035  w as n o t  sh a re d  by o th e r  
b a tc h e s  o f  A E S  o b ta in e d  fro m  S w eden . B rita in  o r  th e  
U SA . R e su lts  o b ta in e d  by th e  B u e h le r  tec h n iq u e , 
w h ich  in v o lv es  to p ic a l a p p lic a t io n  u n d e r  c lo sed  
p a tc h es , a p p e a re d  p a r tic u la r ly  re le v a n t to  th e  h u m a n  
s itu a tio n  a f te r  sk in  e x p o su re . T h e  se n sitiz in g  a g e n t 
w as n o t  L E S  itse lf  b u t c o u ld  be  s e p a ra te d  fro m  L E S
13-2035  by  p ro lo n g e d  e x tra c tio n  w ith  p e tro le u m  
e th e r  (G lo x h u b e r  et al. 1974 ; M a g n u ss o n  &  G ilje . 
1973; W a lk e r  et al. 1973). I t  a p p e a re d  to  be  re la tiv e ly  
n o n -p o la r  a n d  sta b le , b e ca u se  by  th e  tim e  th ese  ex­
p e r im e n ts  w ere  p e rfo rm e d  L E S  13-2035  w a s  severa l 
y e a rs  o ld  (G lo x h u b e r  et al. 1974; W a lk e r  et al. 1973).

Identification of the sensitizers
C o n n o r  et al. (1975) in v e s tig a te d  th e  n a tu re  o f  th e  

sen sitiz in g  a g e n ts  p re se n t in a  h e x a n e  e x tra c t  o f  L E S
13-2035  by  th in - la y e r  c h ro m a to g ra p h y  (T L C ), gas- 
c h ro m a to g ra p h y -m a s s  s p e c tro m e try  (G C -M S )  a n d  
n u c le a r  m a g n e tic  re so n a n c e  sp e c tro sc o p y  (N M R ). T h e  
a lle rg e n ic  ac tiv ity  o f  th e  f ra c tio n s  w as m o n ito re d  
d u r in g  se p a ra tio n  by  b io a s sa y  in g u in e a -p ig s  se n s i­
tized  to  a  h e x a n e  e x tra c t  o f  L E S  13-2035 . O n e  o f  
th e  sk in -se n s itiz in g  c o m p o n e n ts  w as id en tified  as
1- d o d e c e n e - l ,3 -s u lto n e  ( C , , )  a f te r  c o m p a r is o n  w ith  
a u th e n tic  m a te ria l, a n d  l - te t r a d e c e n e - l ,3 -s u l to n e  (C f4) 
w as c o n s id e re d  to  be  a n o th e r .  T w o  c h lo ro su lto n e s ,
2 - c h lo ro - l ,3 -d o d e c a n e su lto n e  (C 12C1) a n d  2 -c h lo ro -
1 ,3 -te tra d ec a n e  su lto n e  (C 14C1) w ere  a lso  te n ta tiv e ly  
id en tif ie d  a s  se n sitiz in g  a g e n ts  (C o n n e r  et al. 1975). 
T h e  fo rm u la e  o f  th ese  a n d  re la te d  c o m p o u n d s  a re  
sh o w n  in  F ig . 1. T h e  c o n c e n tra t io n  o f  Cj% in  sa m p le s  
o f  L E S  13-2035  ra n g e d  fro m  1-6 to  4-8 p p m , th e  v a r i­
a tio n  b e in g  a tt r ib u te d  to  th e  d iffe re n t s to ra g e  c o n d i­
tio n s . A lth o u g h  a p rec ise  e s t im a te  is  n o t  p o ss ib le , th e  
a c tiv ity  o f  L E S  1 3-2035  p ro b a b ly  d e c re a se d  by  
6 6 -9 0 %  d u r in g  th e  3 -y e a r  p e r io d  19 7 2 -7 4  (C o n n o r , 
K o w o llik  &  T h o m a s , 1976). I t  c an  be  c a lc u la te d , 
th e re fo re , th a t  L E S  1 3-2035  m ay  o rig in a lly  h a v e  Con­

C9Hf^S°2C H ^ 0 ^ ° 2  11 23 u

Cl

N]— I

C h V S ° 29 19 u

c û C12CI

11 23 0 C 7H ^ S ° 2 c13 27 u

V r  S b

Fig. I .  Structure of unsaturated sultones and chlorosul­
tones investigated by Ritz et al. (1975) for sensitizing ability 
in the guinea-pig. The two compounds marked* were posi­
tively identified as present in LES 13-2035; C 12Cl and 
C ,4Cl were tentatively identified in LES 13-2035 by Con-
nor et al. (1975).

ta in e d  su lto n e  c o n ta m in a n ts  (Cj% a n d  C j 4) to  a  level 
a p p ro a c h in g  100 ppm .

T h e  se n s itiz e rs  Cj%, C f 4. C ,  ,C1 a n d  re la te d  c o m ­
p o u n d s  c o n s is tin g  o f  2 -b ro m o -1 .3 - te tra d e c a n e su lto n e  
(C 14B r), l -d e c e n e - l ,3 -su lto n e  (C f 0) a n d  1 -hexade- 
c e n e - l,3 -su lto n e  (C f6) (see Fig. 1) w ere  te s te d  in 
g u in e a -p ig s  fo r se n sitiz in g  p o te n tia l  (R itz , C o n n o r  &  
S a u te r . 1975' u sin g  single  c h a llen g e  a n d  re -c h a lle n g e  
p ro c e d u re s . A ll th e  su lto n e s  w ere  fo u n d  to  b e  p o te n t  
se n sitiz e rs  a n d  e x ten siv e  c ro ss -re a c tiv ity  o c c u rre d , 
m o s t c o m p o u n d s  b e in g  m o re  p o te n t  th a n  1 -ch lo ro -
2,4 -d in itro b e n z e n e  (D N C B ), a  w e ll-k n o w n  sen sitize r 
in g u in e a -p ig s  a n d  m an . W ith  in d u c tio n  d o se s  o f  7.1 
n m o l. C 12 a n d  C 14 c o m p o u n d s  a p p e a re d  to  be  m o re  
p o te n t  th a n  C 10 a n d  C 16. w h e re a s  a t  lo w e r d o se s  th e  
o rd e r  o f  p o te n c y  w a s  C 16 >  C 14 >  C 12 >  C 10.

I t w as su g g ested  th a t  th e  a b o v e  f in d in g s  m ig h t n o t 
be  re le v a n t to  th e  h u m a n  s i tu a tio n  b e ca u se  se n s itiz a ­
tio n  w a s  in d u c e d  by  in je c tio n  o f  th e  u n s a tu r a te d  su l­
to n e s  in  F re u n d s  C o m p le te  A d ju v a n t (F C A ) ra th e r  
th a n  by  e p ic u ta n e o u s  a p p lic a tio n . H o w e v e r, severa l 
w o rk e rs  (M a g n u sso n  &  K lig m a n , 1970; M a g u ire , 
1973; M a g u ire  &  C h ase . 1967) c o n s id e r  th a t  F C A  is 
u n lik e ly  to  affect th e  ra n k in g  o f  se n sitiz in g  a b ility . 
A n o th e r  fa c to r  is  th a t  th e  in je c tio n  p ro c e d u re  u sed  
by  R itz  et al. (1975) m a y  h a v e  m ax im iz ed  th e  se n s itiz ­
in g  p o te n tia l  o f  th e  c o m p o u n d s , since  it w o u ld  te n d  
to  e lim in a te  v a r ia tio n  d u e  to  d ifferen ces in d e rm a l 
a b s o rp t io n .  N e v e rth e le ss , th e  p re v io u s  w o rk  o f 
W a lk e r  et al. (1973) sh o w e d  th a t  L E S  13-2035  c a u se d  
s e n s itiz a tio n  ;n  g u in e a -p ig s  a f te r  to p ic a l a p p lic a tio n . 
T h e  ev id e n ce  th e re fo re  seem s fa irly  c o n v in c in g  th a t  
u n s a tu r a te d  su lto n e  a n d  c h lo ro s u lto n e  c o n ta m in a n ts  
w ere  th e  c a u se  o f  th e  a lle rg ic  d e rm a ti t is  p ro d u c e d  by 
L E S  13-2035.

R itz  et al. (1975) o b se rv e d  th a t  C f 2 a n d  C , ,B r  h a d  
s im ila r  p o te n c y  w ith  re sp e c t to  p r im a ry  s e n s itiz a tio n  
in g u in ea -p ig s , w h e re a s  C 12C1 w as less p o te n t .  In  
re ch a lle n g e  e x p e rim e n ts , th e  a n im a ls  se n sitiz e d  to  C f 2 
a n d  C 12B r re a c te d  m o re  s tro n g ly  to  C , ,C1 th a n  th o se  
se n sitiz e d  to  C 12C1 itself. T h is  led  to  th e  in te re s t in g  
su g g e stio n  th a t  th e  sen sitiz in g  a b il i ty  o f  C 12B r m a y  
be  d u e  to  C f 2 a n d  th a t  C 12B r is p o ss ib ly  m o re  re a d ily  
d e h y d ro h a lo g e n a te d  th a n  C 12C1 to  C f ,  in th e  sk in . 
I t  w as p ro p o se d  th a t  th e  u n s a tu ra te d  su lto n e  ( C f 2)



S u l to n e s  a n d  a l le rg ic  c o n ta c t  d e rm a t i t i s 61

S03 or
(2 ) R-0(CH2CH20) 3H — ----- -  R-0(CH2CH20) 3s o 3h

C IS03H

(3) R-0(CH2CH20 ) 3S03H No0H---- ► R-0(CH X H ,0) ,SO,Na(NaCIOI 2 2 3 3

Fig. 2. Stages in the m anufacture o f lauryl ethoxysulphate.

o r  so m e  fu r th e r  p ro d u c t  th e n  c o m b in e s  w ith  sk in  p ro ­
teins to  in it ia te  th e  re sp o n se , th e  m a g n itu d e  o f  th e  
effect b e in g  d e te rm in e d  by  th e  sp e e d  o f  d e h y d ro h a lo -  
g e n a tio n  a n d  th e  a m o u n ts  o f  th e  specific  c o n ju g a te  
re q u ire d  fo r m ax im a l e lic ita tio n  o f  th e  re sp o n se .

Origin of sultone contaminants

T h e  m o s t like ly  o r ig in  o f  th e  su lto n e s  w as in th e  
m a n u fa c tu re  o f L E S  13-2035 . T h e  m a n u fa c tu re  o f 
L E S  is b a s ica lly  a  th re e -s te p  p ro c e ss  (F ig . 2): (1) e th - 
o x y la tio n  by  e th y le n e  o x id e  o f  fa tty  a lc o h o l p re p a re d  
e ith e r  f ro m  v e g e tab le  o il (‘n a tu r a l ’ fa tty  a lc o h o l)  o r  
fro m  p e tro le u m  h y d ro c a rb o n s  (‘sy n th e tic ’ fa tty  a lc o ­
h o l) ; (2) s u lp h a tio n  o f  th e  re su ltin g  e th o x y la te d  a lc o ­
h o l by  su lp h u r  tr io x id e  o r  c h lo ro s u lp h o n ic  a c id ;  (3) 
n e u tra liz a tio n  o f  th e  p ro d u c t  w ith  a lk a li  (M a g n u sso n  
&  G ilje . 1973; W a lk e r  et al. 1973). B o th  e th o x y la tio n  
a n d  su lp h a tio n  a r e  h ig h ly  e x o th e rm ic  re a c tio n s , a n d  
in a d e q u a te  d is s ip a tio n  o f  th e  h e a t  o f  th ese  re a c tio n s  
m ay  d isc o lo u r  th e  p ro d u c t,  w h ic h  th e n  h a s  to  be 
b lea ch e d  w ith  e ith e r  h y p o c h lo r i te  o r  p e ro x id e . It 
sh o u ld  b e  e m p h a s iz e d  th a t  u n d e r  p ro p e r ly  c o n tro lle d  
c o n d it io n s , d is c o lo ra tio n  d o e s  n o t  o c c u r  a n d  th e re fo re  
b le a c h in g  is u n n e ce ssa ry . T h e  L E S  p ro d u c t  u su a lly  
c o n ta in s  a  sm a ll a m o u n t  o f  u n s u lp h a te d  m a tte r , 
o w in g  to  in c o m p le te  su lp h a tio n , a n d  th is  m ay  be 
e x tra c te d  w ith  p e tro le u m  e th e r.

A c co rd in g  to  C o n n o r  et al. (1975), u n d e r  th e  u n ­
u su a l  c o n d it io n s  e n c o u n te re d  d u r in g  th e  p ro c ess in g  
o f  L E S  13-2035 , sm a ll q u a n ti t ie s  o f  d o d e c e n e  a n d  
te tra d e c e n e  p re se n t in th e  m a te r ia l  to  be  su lp h a te d  
d u r in g  s ta g e  (2) o f  th e  m a n u fa c tu r in g  p ro c e ss  c o u ld  
h a v e  b e co m e  s u lp h o n a te d  to  g ive  2 -d o d e c e n e - l-su l-  
p h o n ic  a c id  a n d  2 - te t r a d e c e n e - l- s u lp h o n ic  acid . T h ese  
c o m p o u n d s  c o u ld  h a v e  b een  c o n v e r te d  to  th e  c h lo ro -  
su lto n e s  by h y p o c h lo ro u s  a c id  g e n e ra te d  in th e  
b le a c h in g  s te p  th a t  m a y  b e  u se d  in  th e  m a n u fa c tu r in g  
p ro cess , if th e  p H  o f  th e  b lea ch  re a c tio n  d ro p p e d  
be lo w  9-5 (F ig . 3). a n d  c o u ld  h a v e  p e rs is te d  in  th e  
p a s te  o r  final p ro d u c t  if th e  c o n d it io n s  w ere  n o t  c o n -

( I ) R-OH + 3 h2c —  ch2 ----- R-0(CH2CH20) 3h
0

R-CH C H C H O H  ---------» R-CH-CH=CH
2 2 2 -H O  2 2

2

--------►R-CH=CH-CH-SO H2 3

NaQH 
-HCI

Fig. 3. P roposed  m echanism  for the form ation  of sensi­
tizing agents in the m anufacture o f lauryl ethoxysulphate.

d u c iv e  to  h y d ro ly s is  o f  th e  c h lo ro -  a n d /o r  u n sa tu ra te d  
su lto n es . P a r t ia l  d e h y d ro c h lo r in a t io n  o f  th e  c h lo ro -  
su lto n e s  w o u ld  h av e  y ie ld ed  th e  u n s a tu r a te d  su lto n es  
sh o w n  in  F ig. 1. w h ich  m u s t  p re su m a b ly  h a v e  p e r­
s is te d  th ro u g h  th e  s ta g e s  o f  n e u tra liz a tio n , fo rm u la ­
tio n  a n d  sto rag e .

C o n n o r  et al. (1975) d e m o n s tra te d  th a t  th e  
tre a tm e n t  o f  so d iu m  2 -d o d e c e n e - l - s u lp h o n a te  w ith  
h y p o c h lo r i te  a t  p H  7 p ro d u c e d  a  so lu tio n  th a t  w as 
a b le  to  e v o k e  s tro n g  sk in  re a c tio n s  in g u in e a -p ig s  
a lre a d y  se n sitiz e d  to  th e  h e x an e  e x tra c t  o f  L E S
13-2035 . W h e n  a  h e x a n e  e x tra c t  o f  th is  s o lu tio n  w as 
su b je c te d  to  T L C . a n d  th e  su lto n e  re g io n  w as 
re m o v e d  a n d  tre a te d  w ith  c o llid in e  u n d e r  d e h y d ro -  
h a lo g e n a tio n  c o n d itio n s , th e  p ro d u c t  w as id en tified  
as 1-d o d e c e n e -1 ,3 -su lto n e  (C 12) by N M R . T h is  p r o ­
v ides g o o d  ev id en ce  o f  th e  m a n n e r  in w h ic h  b o th  
ty p es  o f  su lto n e  c o n ta m in a n ts  c o u ld  h a v e  a rise n  
d u r in g  th e  m a n u fa c tu re  o f  L E S  13-2035.

Quantitative analysis of unsaturated sultones and 
chlorosultones

S u lto n e s  m a y  be  d e te rm in e d  q u a n ti ta t iv e ly  by  c o n ­
v e n tio n a l t i t r a t io n  c r  c o lo r im e try  a fte r  h y d ro ly s is  to  
th e  c o rre sp o n d in g  su lp h o n ic  a c id  (M a r tin s so n  &  
N ilsso n , 1974) b u t  th is  p ro c e d u re  suffers f ro m  a  lack  
o f  se n sitiv ity  a n d  specificity . A n  iso to p e -d ilu tio n  
m e th o d  h a s  re ce n tly  been  d e v e lo p e d  fo r  e s tim a tin g  
1 -a lk e n e -1 ,3 -su lto n e  (C o n n o r  et al. 1976) in  w h ic h  a  
k n o w n  w e ig h t o f  1 -[3 -13C ]d o d e c e n e -1 ,3 -su lto n e  is 
a d d e d  a s  a n  in te rn a l  s ta n d a rd  to  th e  sa m p le  o f  L E S  
b e in g  in v es tig a te d . T h e  m ix tu re  is e x tra c te d  w ith  
p e tro le u m  e th e r , a n d  th e  e x tra c t  is  d e h y d ro h a lo -  
g e n a te d  to  c o n v e r t  an y  c h lo ro s u lto n e s  p re se n t to  
u n s a tu r a te d  su lto n e . T L C  is u sed  to  c o n c e n tra te  th e  
su lto n e s . w h ich  a re  th e n  m e a su re d  by  G C -M S . 
T h is  m e th o d , u se d  to  d e te rm in e  su lto n e  levels in 
sa m p le s  o f  L E S  13-2035 , h as a  se n sitiv ity  o f  0 0 1  
p p m  a n d  is specific  fo r 1-d o d e c e n e -1 ,3 -su lto n e  ( C f 2) 
a n d  2 -c h lo ro d e c a n e -1 .3 -su lto n e  ( C 12C1). H o w ev er, th e  
g e n e ra l a p p lic a b ili ty  o f  th e  m e th o d  is l im ite d  by the  
n o n -a v a ila b ili ty  o f  o th e r  13C -lab e lle d  su lto n e s  a n d  
b e ca u se  it d o e s  n o :  p e rm it re co v e ry  o f  th e  sam p le  
fo r b io lo g ic a l tes ting .

A s im p lified  m e th o d  in v o lv in g  io n -ex c h an g e  
c h ro m a to g ra p h y . T L C  a n d  h ig h -p re s su re  liq u id  
c h ro m a to g ra p h y  h a s  b een  d e v e lo p ed  (M a c M illa n  &  
W rig h t, 1977). T h is  a llo w s  q u a li ta t iv e  a n d  q u a n t i t a ­
tive  d e te rm in a tio n  of su lto n e s  a t  a  level o f  0-2 p p m  
a n d  th e  r e q u ire d  f ra c tio n s  c an  b e  c o lle c te d  fo r fu r th e r  
c h em ica l a n a ly s is  o r  b io lo g ic a l tes tin g . It is less sen si­
tive  th a n  th e  G C - M S  m e th o d  b u t  is like ly  to  be very  
usefu l in q u a li ty  c o n tro l  w o rk .

General discussion

T h e  ex ten siv e  b io lo g ic a l a n d  c h em ica l in v es tig a tio n  
o f  L E S  1 3-2035  h a s  id en tified  severa l u n s a tu r a te d  su l­
to n e s  a n d  c h lo ro s u lto n e s  a s  p o te n t  sk in -se n sitiz in g  
ag en ts . T h e  w o rk  p ro v id e s  g o o d  ev id en ce  th a t  th e  
S c a n d in a v ia n  o u tb re a k  o f  a lle rg ic  c o n ta c t  d e rm a ti t is  
in  p a tie n ts  w h o  h a d  b een  e x p o se d  to  d e te rg e n ts  c o n ­
ta in in g  L E S  w as d u e  to  low  c o n c e n tra t io n s  o f  these 
su lto n e  c o n ta m in a n ts  p ro d u c e d  in o n e  p a r tic u la r  
b a tc h  o f  L E S  u n d e r  a b n o rm a l  m a n u fa c tu r in g  c o n d i­
tio n s .

A lth o u g h  th e  p ro b le m  o f  th is  p a r tic u la r  o u tb re a k
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o f a lle rg ic  c o n ta c t  d e rm a ti t is  a p p e a rs  la rg e ly  to  h ave  
b een  so lv ed , it w o u ld  be  in te re s tin g  to  k n o w  w h e th e r  
th e  su lto n e  c o n ta m in a n ts  o r  th e ir  m e ta b o lite s  w ere  
th e  a c tu a l  se n sitiz in g  ag en ts , p a r tic u la r ly  since  R itz  
et al. (1975) h av e  im p lic a te d  th e  p o ss ib le  d e h y d ro -  
h a lo g e n a tio n  o f  C I2B r a n d  C i 2C l to  Cj% by  th e  sk in  
in th e  sen sitiz in g  p rocess. U n fo r tu n a te ly , th e re  is little  
p u b lish ed  in fo rm a tio n  o n  th e  g e n e ra l p h a rm a c o lo g i­
c a l a n d  to x ic o lo g ic a l p ro p e r t ie s  o f  lo n g -c h a in  sul- 
tones . F u r th e r  in v e s tig a tio n  o f  u n s a tu ra te d  su lto n e s  
a n d  c h lo ro s u lto n e s  m ay  th ro w  lig h t o n  w h y  sy stem ic  
sy m p to m s  w ere  so m e tim e s  o b se rv e d  in c o n ju n c tio n  
w ith  th e  c o n ta c t  d e rm a titis ,  s ince  th e  lip o p h ilic ity  o f  
these  c o m p o u n d s  su g g ests  th a t  th ey  m ay  re ad ily  
p e n e tra te  th e  b lo o d -b ra in  b a rr ie r .  R e ce n t r e p o r ts  
(D o a k . S im p so n , H u n t  &  S te v en so n . 1976a,b) su g g est 
th a t  p ro p a n e su lto n e  is a  sk in  c a rc in o g e n  in m ice. 
H o w ev e r, th e re  is n o  ev id en ce  th a t  lo n g -c h a in  su l­
to n e s  h av e  th is  p ro p e rty .

T h e  w o rk  d e sc rib e d  re p re se n ts  a  m o d el s tu d y  o f  
th e  ty p e  o f p ro b le m  in w h ich  o c c a s io n a l to x ic  c o n ­
ta m in a n ts  g ive  rise  to  u n to w a rd  to x ic  re a c tio n s  to  
c o m m e rc ia l p ro d u c ts . T h e  se ries  o f  e v en ts  le a d in g  to  
th e  fo rm a tio n  o f  u n s a tu r a te d  su lto n e s  a n d  c h lo ro s u l­
to n e s  in L E S  13-2035  is so u n u su a l th a t  n o  s im ila r  
o c c u rre n c e  o f  su ch  u n to w a rd  h a p p e n in g s  h a s  ever 
b een  re co rd e d , d e sp ite  ex ten siv e  m o n ito r in g  o f  A E S  
p a s te  a n d  p ro d u c ts  c o n ta in in g  it. T h u s  it is p o ss ib le  
to  p re v en t a  fu r th e r  o c c u rre n c e  o f  th e  p ro b le m  in 
q u e s tio n  n o w  th a t  th e  o rig in  o f  th e  su lto n e  c o n ta m i­
n a n ts  is re a so n a b ly  w ell e s ta b lish e d  a n d  a p p ro p r ia te  
m e th o d o lo g y  is a v a ila b le  fo r a d e q u a te  q u a li ty  c o n tro l.  
T h e  p a r tic u la r  u n s a tu ra te d  su lto n e s  a n d  c h lo ro s u l­
to n e s  p re se n t in L E S  c an  be a d d e d  to  th e  lis t o f  h ig h ly  
to x ic  im p u ritie s  c ite d  by G o lb e rg  (1975) a s  h a v in g  
been  fo u n d  in  m a jo r  c o m m e rc ia l p ro d u c ts ,  in c lu d in g  
p -d io x in  in 2 .4 .5 - tr ic h lo ro p h e n o x y a c e tic  ac id , cyclo- 
h e x y la m in e  a n d  d ic y c lo h ex y lam in e  in c y c lam a te s . 
trans- a n d  c rs -d ic h lo ro h e x a f lu o ro b u te n e  in h a lo th a n e . 
a n d  o- a n d  p - to lu e n e s u lp h o n a m id e s  in sa c c h a rin . It 
re in fo rc es  G o lb e rg ’s p o in t  th a t  m u ch  to x ic o lo g ic a l 
e ffo rt m ay  be  n u llified  by fa ilu re  to  p a y  a t te n tio n  to  
su p p o se d ly  u n im p o r ta n t  tra c e  im p u r it ie s  in c o m m e r­
c ia l p ro d u c ts .
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REVIEWS OF RECENT PUBLICATIONS
Wholesomeness of Irradiated Food. R e p o r t  o f  a  J o in t  
F A O  IA E A  /W H O  E x p e r t C o m m itte e . Tech. Rep. Ser. 
Wld Hlth Org. 1977. 6 0 4 . pp . 44. Sw .fr. 6 .00  (a v a ila b le  
in U K  th ro u g h  H M S O ).

In  i ts  1970 re p o r t ,  th e  J o in t  F A O /IA E A /W H O  
E x p ert C o m m itte e  re c o m m e n d e d  te m p o ra ry  a c c e p t­
a n ce  o f  w h e a t a n d  w h e a t p ro d u c ts  i r r a d ia te d  u p  to  
75 k ra d  (0-75 k G y ) a n d  o f  w h ite  p o ta to e s  i r r a d ia te d  
u p  to  15 k ra d , b u t  n o t  o f  o n io n s  ir ra d ia te d  u p  to  
15 k ra d . T h e  la t te r  d e c is io n  w a s  d u e  to  th e  in a d e ­
q u a c y  o f  th e  a v a ila b le  to x ic o lo g ic a l d a ta .

T h e  p ro g re s s  th a t  h a s  since  b een  m a d e  in th e  safety  
e v a lu a tio n  o f  i r r a d ia te d  fo o d  in te n d e d  fo r h u m a n  c o n ­
su m p tio n  c an  be  a t t r ib u te d  m a in ly  to  th e  d ire c tio n  
o f  th e  In te rn a tio n a l  P ro je c t  in th e  F ie ld  o f  F o o d  I r ra ­
d ia t io n  a n d  is re flec ted  in  th e  1977 J o in t  E x p e rt C o m ­
m itte e 's  r e c o m m e n d a tio n s  fo r u n c o n d it io n a l  a c c e p t­
a n c e  o f  w h e a t a n d  g ro u n d  w h e a t p ro d u c ts  i r r a d ia te d  
u p  to  100 k ra d  a n d  o f  p o ta to e s  i r r a d ia te d  u p  to  15 
k ra d  a n d  fo r p ro v is io n a l a c c e p ta n c e  o f  o n io n s  i r r a ­
d ia te d  u p  to  15 k ra d . M o re o v e r , n e w ly -e v a lu a te d  i r r a ­
d ia te d  fo o d s  rece iv ed  fa v o u ra b le  sc ru tin y , u n c o n d i­
t io n a l a c c e p ta n c e  b e in g  g ra n te d  fo r c h ic k e n  (u p  to  
700 k ra d ). p a p a y a  (u p  to  100 k ra d )  a n d  s tra w b e rr ie s  
(u p  to  300 k ra d )  a n d  p ro v is io n a l a c c e p ta n c e  fo r c o d  
a n d  red fish  (u p  to  220  k ra d )  a n d  rice  (u p  to  100 k rad ). 
N o  d ec is io n  w a s  re a c h e d  o n  i r r a d ia te d  m u sh ro o m s , 
a g a in  b e ca u se  o f  in a d e q u a te  d a ta .

F o r  th e  w h o le so m e n e ss  o f  ir ra d ia te d  fo o d  to  be 
e s ta b lish e d , s ta n d a rd s  o f  m ic ro b io lo g ic a l, n u tr i t io n a l  
a n d  to x ic o lo g ic a l a c c e p ta b il i ty  m u s t b e  a t ta in e d . T h e  
to x ic o lo g is t’s b rie f  is to  d e m o n s tra te  th e  a b se n c e  o r  
o th e rw ise  o f  a n y  sig n ifican t a m o u n ts  o f  to x ic  p ro d u c ts  
fo rm ed  in th e  fo o d  a s  a  re su lt  o f  th e  i r r a d ia t io n  p ro ­
cess.

T h is  1977 re p o r t ,  like  its  p re d ec esso r, reco g n izes  
th a t  th e  p r in c ip le s  a c c e p te d  fo r te s tin g  fo o d  a d d itiv e s  
o r  c h e m ic a ls  in g e n e ra l a re  in a p p lic a b le  to  i r ra d ia te d  
fo od . In  th e  la t te r  c o n te x t, a  d is to r te d  p ic tu re  will 
e m erg e  if th e re  is  o v e r-e x a g g e ra tio n  o f  e ith e r  th e  ra d i­
a tio n  d o sa g e  o r  th e  level o f  th e  ir ra d ia te d  fo o d  in c o r ­
p o ra te d  in to  th e  a n im a l 's  d iet.

T h e  a d v e n t,  th e re fo re , o f  a  new  a p p ro a c h  to  th is  
p ro b le m  c o u ld  n o t  b e  m o re  tim ely , a n d  th e  r e p o r t  
d ra w s  a t te n tio n  to  th e  im p o r ta n t  c o n tr ib u t io n  o f  ra d i­
a tio n  c h e m is try  s tu d ie s  u n d e r ta k e n  o n  m a jo r  fo o d  
c o m p o n e n ts .  I t n o te s  th a t  ra d io ly tic  p ro d u c ts  fo rm ed  
in i r r a d ia te d  fo o d  a re  p re se n t o n ly  in  th e  p p m  ra n g e  
fo llow ing  i r r a d ia t io n  w ith  d o se s  u p  to  6 M ra d  a n d  
a s se r ts  th a t  th e  c o n c e n tra t io n s  o f  ra d io ly tic  p ro d u c ts  
a re  ev en  less s ig n ific a n t a t  lo w er ra d ia t io n  doses. It 
is  a ls o  a p p a re n t  th a t  th e  ra d io ly tic  p ro d u c ts  id en tified  
so  fa r  e ith e r  in w h o le  fo o d s  o r  in fo o d  c o m p o n e n ts  
p re se n t  n o  to x ic  h a z a rd  a t  th e  c o n c e n tra t io n s  fo u n d .

F o r  fo o d s  i r r a d ia te d  u p  to  1 M ra d , th e  r e p o r t  
a c c e p ts  th a t  to x ic ity  d a ta  m a y  be e x tra p o la te d  fro m  
o n e  m e m b e r  o f  a  fo o d  c la ss  to  a n o th e r  in  th e  sam e

class . T h is  d e c is io n  sh o u ld  m in im iz e  re q u ire m e n ts  fo r 
to x ic ity  tes tin g . T h e  re p o r t  s tr ik e s  a n  o p tim is t ic  n o te  
in  su g g e stin g  th a t  u n d e r c e r ta in  c irc u m s ta n c e s , a n d  
w h en  fu r th e r  e x p e rien c e  h a s  b een  g a in e d  fro m  c o n ­
t in u in g  ra d ia tio n -c h e m is try  s tu d ie s  a n d  to x ic o lo g ic a l 
e x p e r im e n ta tio n , a  p u re ly  c h em ica l a p p ro a c h  to  th e  
w h o le so m en e ss  e v a lu a tio n  o f  i r r a d ia te d  fo o d  m ay  be 
p o ss ib le . T h e  C o m m itte e  m a k e s  v a r io u s  r e c o m m e n d a ­
tio n s  fo r fu tu re  w o rk , n o t  o n ly  in  re sp e c t o f  fu r th e r  
s tu d ie s  o n  specific  i r r a d ia te d  fo o d s  b u t  a ls o  in  m o re  
g e n e ra l a re a s  o f  s tu d y . T h e  la t te r  in c lu d e  th e  fu r th e r  
id e n tif ic a tio n  o f  ra d io ly tic  p ro d u c ts  a n d . w h e re  re le ­
v a n t. a  d e te rm in a tio n  o f  th e ir  to x ic ity , c o m p a r is o n  
o f  th e  to x ic ity  o f  v o la tile  c o m p o n e n ts  o f  i r r a d ia te d  
a n d  n o n - ir r a d ia te d  fo o d s, a n d  s tu d ie s  o f  th e  n a tu re  
a n d  to x ic ity  o f  ra d io ly tic  p ro d u c ts  o f  lip id s  w ith  
sp ec ia l re fe ren ce  to  cis-trans iso m e riz a tio n .

T h e  J o in t  F A O /IA E A /W H O  E x p e r t C o m m itte e  
h a s  p u t i ts  w e ig h t b e h in d  th e  d e v e lo p m e n t o f  i r r a ­
d ia te d  fo o d , b u t it re m a in s  to  be  seen  w h e th e r  th is  
new  im p e tu s  w ill be  t r a n s la te d  in to  a  g re a te r  d e g ree  
o f  a c c e p ta b il i ty  by th e  re g u la to ry  a u th o r i t ie s  th ro u g h ­
o u t  th e  w o rld  o v e r th e  n ex t few years.

Seventeenth Progress Report of the Standing Technical 
Committee on Synthetic Detergents. D e p a r tm e n t  o f  
th e  E n v iro n m e n t. H M S O . L o n d o n . 1977. pp . v -F 25. 
£0.90.

T h is  la te s t r e p o r t  n o te s  th a t  U K  use  o f  a n io n ic  
a n d  c a tio n ic  su rfa c ta n ts , p a r tic u la r ly  th e  la t te r  in  a p ­
p lic a tio n s  su ch  a s  c lo th e s -w a sh in g  a n d  p o s t-w a sh  
fa b ric  so ften in g , h a s  c o n tin u e d  to  in c re a se  in re ce n t 
years. D e sp ite  th is , re m o v a l o f  a n io n ic  su rfa c ta n ts  a t 
t r e a tm e n t  p la n ts  c o n tin u e s  to  be in  th e  ra n g e  9 0 -9 5 % , 
a n d  th e re  h a s  been  v ir tu a lly  n o  c h a n g e  o v e ra ll in th e  
a v e ra g e  c o n c e n tra t io n s  in  th e  fin a l effluen t. R em o v a l 
o f  n o n io n ic  su rfa c ta n ts  h a s  n o w  re a c h e d  a  s im ila r  
level o f  efficiency. S u rfa c ta n t  levels in r iv e rs  u sed  fo r 
p u b lic  su p p ly  a re  o 'te n  a t  o r  b e lo w  th e  lim its  o f  d e te c ­
tio n , a n d  a re  g e n e ra lly  to o  low  to  p ro d u c e  s ig n ifican t 
fo am in g . T h e  lo n g -s ta n d in g  fo a m in g  p ro b le m s  in 
W est Y o rk sh ire  h a v e  la rg e ly  d is a p p e a re d , b u t  th is  is 
th o u g h t  to  be  d u e . a t  lea s t in  p a rt, to  re d u c e d  a c tiv ity  
in th e  lo ca l tex tile  in d u stry .

B o ro n  levels in a n  E ssex  river, m o n ito re d  since  
1970, h av e  re m a in e d  a t  1 m g /litre . B ecau se  th is  c o n ­
c e n tra t io n  c o u ld  a fiec t c e r ta in  sen sitiv e  c ro p s , p a r t ic u ­
la r ly  th o se  g ro w n  by  new  te c h n iq u e s  w h ich  use  a  very  
sm all q u a n ti ty  o f  soil b e tw ee n  p la s tic  shee ts , it is 
re c o m m e n d e d  th a t  w a te r  a u th o r i t ie s  sh o u ld  m o n ito r  
th e  b o ro n  c o n te n t  o f  r iv e r  w a te r  in te n d e d  fo r i r r ig a ­
tio n . T h e re  h a s  b e en  n o  ev id e n ce  o f  a n y  lo n g -te rm  
c h a n g e s  in p h o sp n a te  c o n c e n tra t io n s , a n d  re p la c e ­
m e n t o f  p o ly p h o sp h a te  b y  n itr i lo tr ia c e ta te  in  d e te r ­
g e n t p o w d e rs  is  re g a rd e d  a s  u n n e ce ssa ry . A g re e m e n t
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w a s  re a c h e d  o n  th e  las t p o in t w ith  th e  G e rm a n  D e te r ­
g e n t C o m m itte e  a t  tw o  m ee tin g s , h e ld  in  A p ril 1975 
a n d  M a y  1976. It w as a lso  a g re e d  th a t  th e re  w as n o  
n e ed  fo r a  s ta tu to ry  fish test fo r su rfa c ta n ts , a s  en v i­
sag ed  by  th e  E E C . a n d  th a t,  a lth o u g h  c o n tro l  o f  use 
o f  c a tio n ic  su rfa c ta n ts  w as u n n e c e ssa ry  a t  p re sen t, 
th e ir  in c re a s in g  use  m e a n t th a t  th e  s itu a tio n  sh o u ld  
be  k ep t u n d e r  su rve illance .

T h e  m ain  a c tiv ity  o f  th e  C o m m itte e  d u r in g  th e  y ear 
w as th e  n e g o tia tio n  w ith  th e  S o a p  a n d  D e te rg e n t In ­
d u s try  A sso c ia tio n  o f a  v o lu n ta ry  n o tif ic a tio n  sch em e

fo r new  su b s ta n c e s  o r  fo r in c re a se d  u se  o f  ex is tin g  
c o m p o n e n ts  in  d o m e s tic  d e te rg e n ts  a n d  re la te d  
p ro d u c ts  if th is  is  c o n s id e re d  like ly  to  h a v e  a  s ign ifi­
c a n t  e n v iro n m e n ta l  effect. G u id e lin e s  fo r te s t m e th o d s  
fo r a ssess in g  effects o n  sew age t r e a tm e n t  a n d  e n v iro n ­
m e n ta l im p a c t h a v e  been  p ro p o se d , a n d  d e ta i ls  will 
be spec ified  la te r  b y  th e  T ec h n ic a l S u b c o m m itte e . 
O n ly  d o m e s tic  d e te rg e n ts  h a v e  b een  c o n s id e re d  so  far. 
b u t it is h o p e d  th a t  th e  sch em e  m ay  be  e x te n d e d  to  
in d u s tr ia l  c le a n in g  c o m p o s itio n s .
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Environmental N-Nitroso Compounds—Analysis and 
Formation. P ro c e e d in g s  o f  a  W o rk in g  C o n fe ren c e  
h e ld  a t  th e  P o ly te c h n ic a l  In s t i tu te ,  T a ll in n , E s to n ia n  
SSR. 1 -3  O c to b e r  1975. E d ite d  by  E. A. W a lk e r . P . 
B o g o v sk i a n d  L. G ric iu te .  IA R C  Scien tific  P u b lic a ­
t io n s  no . 14. I n te rn a tio n a l  A g en cy  fo r R e se a rc h  on  
C a n ce r, L y o n , 1976. pp. xviii +  512. Sw .fr. 110.00.

T h is  v o lu m e  c o n ta in s  p a p e rs  p re se n te d  a t  a  w o rk ­
in g  c o n fe re n ce  o rg a n iz e d  by th e  IA R C  a t  T a llin n . 
E s to n ia , in  O c to b e r  1975. S ince  1965, th e  IA R C  h a s  
o rg a n iz e d  th ese  b ie n n ia l c o n fe re n c e s  o n  th e  a n a ly s is  
a n d  fo rm a tio n  o f  N -n i t ro s o  c o m p o u n d s , a n d  th e  
g ro w in g  im p o r ta n c e  a tta c h e d  to  th is  p ro b le m  in th e  
c o n te x t  o f  e n v iro n m e n ta l  c o n ta m in a tio n  a n d  h u m a n  
e x p o su re  is re fle c te d  in  th e  c u r re n t  l is tin g  o f  n e a rly  
80 p a r tic ip a n ts  a n d  52 c o m m u n ic a tio n s .

T h e  p a p e rs  a re  d iv id e d  in to  fo u r  se c tio n s , th e  first 
o f  w h ic h  d e a ls  w ith  th e  a n a ly s is  o f  N -n i t ro s o  c o m ­
p o u n d s . A n in tro d u c t io n  to  th is  sec tio n , b y  P. 
B o g o v sk i. p re se n ts  in te r im  d a ta  o n  a n  a t te m p t  to  c o r ­
re la te  e n v iro n m e n ta l  levels o f  c e r ta in  v o la tile  n itro s a -  
m in e s  in  p a r ts  o f  I ra n  w ith  a  h ig h  in c id e n ce  o f  o e so ­
p h a g e a l c an c e r . T h e  ev id e n ce  o b ta in e d  so  fa r is  e q u i­
v ocal a n d  th e  ro le  o f  /V -n itro so  c o m p o u n d s  in o e so ­
p h a g e a l c a n c e r  is  fa r  fro m  c lear, b u t  fu r th e r  in v e s tig a ­
tio n s  still in p ro g re s s  m ay  rev ea l th e  id e n ti ty  o f  the  
c a u sa tiv e  ag en t. T h e  a n a ly tic a l  p a p e rs  d eal w ith  th e  
m a ss  sp e c tro m e try  o f  v o la tile  n i tro s a m in e s  a n d  su it­
a b le  d e riv a tiv e s  o f  n i tro s o a m in o  ac id s, a n d  d e sc rib e  
th e  iso la tio n  a n d  d e te rm in a tio n  o f  n o n -v o la ti le  n i t r o ­
sa m in e s  by  th e  new  te c h n iq u e  o f  h ig h -p e rfo rm a n c e  
liq u id  c h ro m a to g ra p h y  w ith  n o v e l d e te c tio n  system s, 
in c lu d in g  th e  th e rm a l e n erg y  a n a ly se r . T h e  a n a ly s is  
o f v o la tile  n i tro s a m in e s  in  fo o d s  a n d  th e  a tm o sp h e re  
is d e sc rib e d  in six c o n tr ib u tio n s .

T h e  se c o n d  se c tio n , c o n c e rn e d  w ith  th e  fo rm a tio n  
o f  N -n itro so  c o m p o u n d s , is  su b d iv id e d  in to  g ro u p s  
d ea lin g  w ith  specific  a sp e c ts  o f  th e  p ro b lem . T h e  first 
g ro u p  o f  six p a p e rs  d iscu sses th e  c a ta ly tic  effects on  
n itro s a m in e  fo rm a tio n  e x e rted  b y  a  n u m b e r  o f  d iverse  
fa c to rs  ra n g in g  f ro m  fo rm a ld e h y d e  a n d  o th e r  c a r ­
b o n y l c o m p o u n d s  to  s u r fa c ta n ts  a n d  m e ta l c o m ­
plexes. T h e  fo rm a tio n  o f  n itro s a m in e s  fro m  n a tu ra lly  
o c c u rr in g  a m in e s  a n d  fro m  d ru g s  o c c u p ie s  a  fu r th e r  
13 c o n tr ib u tio n s . T h e  th ird  se c tio n  d e a ls  w ith  th e  
o c cu rre n ce  o f  N -n i t ro s o  c o m p o u n d s  in fo o d s  a n d  
to b a c c o  sm o k e , a n d  th e  fin a l se c tio n , o n  “ m isce l­
la n e o u s  s tu d ie s" , r e p o r ts  v a r io u s  b io lo g ic a l a n d  b io ­
c h em ica l s tu d ie s , in v e s tig a tio n s  in to  th e  d e g ra d a tio n  
o f n itro sa m in e s . a n d  so m e  s tu d ie s  o n  th e  c a rc in o g e n i­
c ity  te s tin g  o f  n i tro s o  d e r iv a tiv e s  a n d  o n  th e  effect 
o f  o th e r  c o m p u n d s . su c h  a s  a s c o rb a te  a n d  v ita m in  
A, o n  th e ir  c a rc in o g e n ic  a c tiv ity . F in a lly  a n  e x ce llen t 
re p o r t  o n  th e  s ta te  o f  th e  a n a ly tic a l  m e th o d o lo g y  a n d  
of w o rk  o n  th e  fo rm a tio n  a n d  o c c u rre n c e  o f

N -n i t ro s o  c o m p o u n d s  is in c lu d e d  in th is  b o o k , 
to g e th e r  w ith  re c o m m e n d a tio n s  fo r fu tu re  w o rk  p re ­
p a re d  b y  th re e  su b -c o m m itte e s  se t u p  a t  th e  c o n fe r­
ence.

T h e  rev iew er c a n  o n ly  re s ta te  th e  se lf-ev id en t fac t 
th a t  th is  c o lle c tio n  o f  p a p e rs  w ill be  in v a lu a b le  to  
c h e m is ts  a n d  b io lo g is ts  in v o lv e d  in s tu d ie s  re la tin g  
to  th e  p ro b le m  o f  n itro s a m in e s  in  th e  h u m a n  e n v iro n ­
m ent.

Radiation Chemistry of Major Food Components. Its 
Relevance to the Assessment of the Wholesomeness of
Irradiated Foods. E d ite d  by  P . S. E lia s  a n d  A. J. 
C o h e n . E ls e v ie r /N o r th -H o lla n d  B io m e d ica l P re ss . 
A m ste rd a m . 1977. pp . xii +  220. S 25 .75 ; D fl. 63.00.

T h e  n e e d e d  in c re ase  in th e  w o r ld 's  fo o d  su p p ly  
c o u ld  be  p ro v id e d  by  ra is in g  th e  levels o f  b o th  fo o d  
p ro d u c tio n  a n d  fo o d  p re se rv a tio n . T h e  p o te n t ia l  o f  
i r r a d ia t io n  a s  a  m ea n s  o f  fo o d  p re se rv a tio n  h a s  n o t  
so  fa r b e en  e x p lo ited , p a r tly  b e ca u se  o f  th e  e x tre m e  
c a u t io n  o f  th e  r e g u la to ry  a u th o r i t ie s  in  a c c e p tin g  
ex is tin g  sa fe ty -e v a lu a tio n  d a ta  a n d  p a r tly  b e ca u se  
p u b lic  c o n c e rn  o v e r th e  h a z a rd s  o f  r a d ia t io n  g e n e ra lly  
m a y  b e  re flec ted  in a  d is tru s t  o f  i r r a d ia te d  foods.

I t is n o w  g e n e ra lly  a cc e p te d  th a t  th e  p rin c ip le s  fo l­
lo w ed  in fo o d -a d d itiv e  te s tin g  c a n n o t  b e  a p p lie d  to  
th e  te s tin g  o f  i r r a d ia te d  fo o d , since  in  th e  la t te r  case, 
a t te m p ts  to  u n m a sk  a n y  to x ic  p o te n tia l  by  e x a g g e ra t­
ing  te s t c o n d it io n s  (by  in fla tin g  th e  ra d ia t io n  d o sa g e  
o r  th e  level o f  i r r a d ia te d  fo o d  in th e  a n im a l’s d ie t)  
is lik e ly  to  y ield  m is le a d in g  re su lts . C lea rly , an  u n d e r ­
s ta n d in g  o f  th e  c h em ica l c h a n g e s  in d u c e d  in fo o d  by 
i r r a d ia t io n  w o u ld  a ss is t  th e  a sse ssm e n t o f  th e  safety  
o f  i r r a d ia te d  fo o d s  o r  a n im a l feeds. T h e  In te rn a tio n a l  
P ro je c t  in  th e  F ie ld  o f  F o o d  I r ra d ia t io n  th e re fo re  
c o m m iss io n e d  severa l e x p e r ts  to  p ro v id e  c ritica l 
rev iew s o f  th e  r a d ia tio n  s ta b ility  a n d  c h e m is try  o f  
m a jo r  fo o d  c o m p o n e n ts  a n d  these  rev iew s h a v e  b een  
b ro u g h t  to g e th e r  in  th e  b o o k  n a m e d  a b o v e .

In  a  g e n e ra l in tro d u c t io n ,  th e  P ro je c t  D ire c to r .  D r. 
P. S. E lias, e x p la in s  th e  n e ed  fo r a  new  a p p ro a c h  
to  re p la c e  th e  c o n v e n tio n a l ,  la b o r io u s , c o s tly  a n d  n o t  
a lto g e th e r  sa tis fa c to ry  a n im a l feed in g  s tu d ie s  o n  
w h ich , u n til  n o w , th e  a s se ssm e n t o f  th e  w h o le so m e ­
n e ss  o f  i r r a d ia te d  fo o d s  fo r  h u m a n  c o n s u m p tio n  h a s  
re lied . In  th e  in d iv id u a l c h a p te r s  o n  th e  ra d ia tio n  
c h e m is try  o f  lip id s, p ro te in s , c a rb o h y d ra te s  a n d  v ita ­
m ins . p a r t ic u la r  a t te n tio n  is p a id  to  th e  ra d ia tio n -  
in d u c e d  c h a n g e s  in th e  c o n te n t  o f  th e  fo o d  c o m ­
p o n e n t  in  q u e s tio n  a n d  to  th e  n a tu r e  a n d  c o n c e n ­
tra t io n  o f  th e  ra d io ly tic  p ro d u c ts  fo rm ed . A s fa r  a s  
p o ss ib le , e ach  a u th o r  h a s  c o m p a re d  th e  re sp o n se  o f  
th e  p a r t ic u la r  fo o d  c o m p o n e n t to  ra d ia tio n  in  th e  d ry
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so lid  s ta te , in a q u e o u s  so lu tio n , in m o d el sy s tem s o r  
c o m p le x  m ix tu re s  a n d  in th e  w h o le  fo o d  p ro d u c t.

I t  is a p p a re n t  th a t  th e  m a jo r  fo o d  c o m p o n e n ts  re ­
sp o n d  to  i r r a d ia t io n  in u n ifo rm  w ay s a n d  th a t  th e  
ra d io ly tic  p ro d u c ts  d e te c te d  so  fa r in  i r r a d ia te d  foods, 
in c lu d in g  m a n y  fo u n d  a ls o  in n o n - ir r a d ia te d  fo o d s, 
a re  n o t  p re se n t in to x ic o lo g ic a lly -s ig n if ic an t c o n c e n ­
tra tio n s . F u r th e r  c h em ica l a n a ly se s  o f  ra d io ly tic  
p ro d u c ts , c o u p le d  in  so m e  in s ta n c e s  w ith  to x ic ity  tes ts  
o n  th e  c o m p o u n d s  id en tified , w ill fa c ili ta te  g re a tly  th e  
e v a lu a tio n  o f  ir ra d ia te d  food.

T h is  b o o k  w ill be  v a lu a b le  to  ch em ists , to  b io ­
ch em ists . to  fo o d  sc ien tis ts  a n d  te c h n o lo g is ts  a n d  to  
to x ic o lo g is ts  w o rk in g  in  th e  field  o f  fo o d  i r r a d ia t io n , 
a s  w ell a s  to  sc ien tis ts  e n g a g e d  in  g o v e rn m e n t d e p a r t ­
m en ts  a n d  in te rn a t io n a l  ag en c ie s  c o n c e rn e d  w ith  th e  
c o n tro l  o f fo o d  p re se rv a tio n . A b o v e  a ll. it sh o u ld  
s tim u la te  in te re s t in th e  a p p lic a tio n  o f  ra d ia tio n -  
c h e m is try  s tu d ie s  to  th e  e v a lu a tio n  o f  th e  w h o le so m e ­
n e ss  o f  ir ra d ia te d  fo o d s  a n d  p ro m o te  a n  a p p re c ia t io n  
o f  th e  p o te n tia l  v a lu e  o f  th is  a p p ro a c h .

Pesticide Manual. Basic Information on the Chemicals 
used as Active Components of Pesticides. 5 th  Ed.
E d ite d  by  H . M a r t in  a n d  C. R. W o rth in g . Issu ed  by  
th e  B ritish  C ro p  P ro te c t io n  C o u n c il, 1977. pp. 
vii +  593. £15.00.

T h e  ra te  o f  p ro d u c tio n  o f  n o v e l p e s tic id a l fo rm u la ­
tio n s  a n d  in fo rm a tio n  a b o u t  th e m  is su ch  th a t  useful 
c o v e ra g e  o f  th is  v ast su b je c t c an  o n ly  be  p ro v id e d  
by  fre q u e n tly  rev ised  e d itio n s . T h is  new  fifth  e d itio n  
o f  th e  “P e s tic id e  M a n u a l"  h a s  m ad e  its  a p p e a ra n c e  
little  m o re  th a n  2 y e ars  a f te r  p u b lic a tio n  o f  th e  fo u rth .

In  a n  a t te m p t  to  k eep  u p  w ith  p es tic id e  d e v e lo p ­
m en ts . th e  m a n u a l in c lu d e s  c o m p o u n d s  th a t  h a d  
re a c h e d  o n ly  th e  s tag e  o f su b m iss io n  to  o u ts id e  a u th ­
o r itie s  fo r field  s tu d ies . In  c o n tra s t ,  th o se  c o m p o u n d s  
th a t  w ere  fo rm erly  m a rk e te d  o r  w id e ly  r e p o r te d  b u t 
h av e  n o w  fa llen  o u t  o f  fa v o u r a re  lis ted  in  th e  a p p e n ­
dix.

T h e  e d ito rs  h a v e  c o lla te d  d e ta i ls  o n  n o m e n c la tu re , 
h is to ry , m a n u fa c tu re , p h y sica l, c h em ica l a n d  b io lo g i­
c a l p ro p e rtie s , fo rm u la tio n s  a n d  a n a ly s is . A lth o u g h  
a p p ro p r ia te  re fe ren ces a re  in c lu d e d  in a lm o s t  a ll o th e r  
a rea s , re fe ren ces fo r th e  to x ic ity  d a ta  a re  sp a rse , p re ­
c lu d in g  a n y  a t te m p t  to  e v a lu a te  th e  o r ig in a l so u rc e  
o r  ch ec k  th e  a c c u ra c y  o f  th e  d a ta . F o r  e x am p le , th e  
m a n u a l p ro v id e s  a n  o ra l  L D 50 fo r a m in o tr ia z o le  o f 
1100-2500  m g /k g  in ra ts . In  c o n tra s t ,  th e  F A O /W H O  
p u b lic a tio n  “ P e s tic id e  R e sid u es  in  F o o d ” (1974) in d i­
c a te s  a n  L D 50 fo r th e  r a t  o f  25.000 m g /k g  by th e  sam e 
ro u te . W ith o u t  th e  o r ig in a l so u rc e  o n e  c a n n o t  be  c e r­
ta in  th a t  th e  m a n u a l’s f ig u res a re  re liab le .

D e sp ite  th ese  l im ita t io n s  th e  m a n u a l c a n  be  very  
useful. N o t  o n ly  is th e  C h e m ic a l A b s tra c ts  R eg is try  
N u m b e r  p ro v id e d  fo r  e ac h  c o m p o u n d , b u t  th e  in d ex  
in c lu d e s  c o m m o n , c h em ica l a n d  tra d e  n a m e s  a s  well 
a s  c o d e  n u m b ers . In  th is  re sp ec t, th e  p u b lic a tio n  is 
a  ‘m u s t’ fo r c o n s u l ta t io n  b e fo re  a n y  l ite ra tu re  sea rch  
o n  a  p e s tic id a l c o m p o u n d  is u n d e r ta k e n .

F o r  th e  m a jo r i ty  o f  th e  p estic id es , th e  s tru c tu re s  
a n d  m o le c u la r  fo rm u la e  a re  sh o w n , to g e th e r  w ith  
th e ir  W isw esser L in e  F o rm u la  N o ta t io n s  (W L N ).

T h e se  n o ta tio n s , w h ich  a re  b e c o m in g  in c re as in g ly  
p o p u la r  in  c h em ica l d o c u m e n ta tio n , a re  s tr in g s  o f 
sy m b o ls  c o n s tru c te d  by  s tr ic t ru le s  to  p ro v id e  a  c o m ­
p ac t, u n iq u e  a n d  u n a m b ig u o u s  d e sc rip tio n  o f  th e  
m o le c u la r  s tru c tu re  in lin e a r  fo rm . A lth o u g h  th e  p r in ­
c ip le s  o f  e n c o d in g  s t ru c tu re s  in to  W L N  re q u ire  so m e  
w eek s o f  tra in in g , th e  m a n u a l’s tw o -p a g e  ‘d o - i t-y o u r ­
self W L N ’ p ro v id e s  a n  in te re s tin g  in s ig h t in to  th e  
schem e.

T h e  m a n u a l d e sc rib e s  its  a p p ro a c h  a s  ‘b a s ic ’. I t is 
in d e e d  a  b as ic  n e cessity  w h en  in fo rm a tio n  o n  p e s ti­
c id e s  is re q u ire d .

Perinatal Pharmacology and Therapeutics. E d ite d  by 
B. L. M irk in . A cad em ic  P re ss  Inc. (L o n d o n )  L td .,
1976. pp . x +  455. £13.75.

I t  h a s  b e co m e  a lm o s t a x io m a tic  in  sc ience  th a t  in ­
c rea s in g  a d v a n c e m e n t c au ses  e s ta b lish e d  d isc ip lin es  
to  b e co m e  fra g m e n te d  in to  a  n u m b e r  o f  se p a ra te  sp e ­
c ia liz a tio n s . w h ich  in tu rn  e x p a n d  o n ly  to  be  fu r th e r  
su b d iv id ed . In  th e  c ase  o f  p h a rm a c o lo g y , th is  p ro c e ss  
h a s  led  to  a  p le th o ra  o f new  n am es, such  a s  sy s te m a tic  
p h a rm a c o lo g y , a u to p h a rm a c o lo g y , p h a rm a c o k in e tic s ,  
p h a rm a c o d y n a m ic s  a n d  p h a rm a c o - th e ra p e u tic s .  
A lth o u g h  so m e  o f  th ese  d iv is io n s  a re  ju s tif ie d , o th e rs  
m u s t be  su sp ec ted  o f  se rv in g  o n ly  to  p la c a te  m a n ’s 
ego. T h is  v o lu m e  o n  p e r in a ta l p h a rm a c o lo g y  a n d  
th e ra p e u tic s , h o w ev er, m u s t d isp e l a n y  c r itic ism  th a t  
m a y  a r is e  fro m  th e  a p p e a ra n c e  o f ye t a n o th e r  su b d iv i­
s io n  a n d  h e lp s  to  e s ta b lish  its  su b je c t a s  a  v iab le  d isc i­
p lin e  in  its  c w n  righ t.

T h e  b o o k  d e a ls  w ith  th e  effects a n d  in te ra c tio n s  
o f  d ru g s  a n d  o th e r  c h em ica ls  in  b o th  th e  fo e tu s  a n d  
n e o n a te . T h e  first th re e  c h a p te r s  deal w ith  p re n a ta l  
p h a rm a c o lo g y  a n d  th e  fifth  w ith  p o s tn a ta l  p h a rm a ­
co lo g y , w h ils t  th e  fo u r th  sp a n s  b o th  p e r io d s  o f  d ev e l­
o p m e n t. F o llo w in g  th e  p a tte rn  o f  m a n y  su ccessfu l a n d  
a u th o r i ta t iv e  b o o k s , e ach  c h a p te r  h a s  b e en  w ritte n  
b y  p e o p le  p re -e m in e n t in  th a t  p a r t ic u la r  field. T h e  
firs t c h a p te r  c o n s id e rs  th e  tra n s fe r  o f  p h a rm a c o lo g i­
ca lly  a c tiv e  m o le c u le s  a c ro ss  th e  p la c e n ta , w h ils t  th e  
se c o n d  d isc u sse s  th e  c a p a c ity  o f  h u m a n  a n d  o th e r  p la ­
c e n ta l tis su e s  to  m e ta b o liz e  b o th  e n d o g e n o u s  a n d  
e x o g e n o u s  c o m p o u n d s  by  th e  c lass ic  b io tra n s fo rm a ­
tio n  re a c tio n s  o f  o x id a tio n , re d u c tio n , h y d ro ly s is  a n d  
c o n ju g a tio n . T h e  d is tr ib u tio n  a n d  m e ta b o lism  o f 
d ru g s  in  th e  fo e tu s  fo rm s th e  m ain  to p ic  o f  c h a p te r  
3, th u s  c o m p le tin g  th e  p re n a ta l  se c tio n  o f  th e  b o o k . 
T h is  is fo llo w ed  by a  lo n g  a n d  d e ta ile d  c o n s id e ra tio n  
o f  th e  w ay s in w h ich  d ru g s , a d m in is te re d  d u r in g  th e  
p re -, p e ri-  o r p o s tn a ta l  p e r io d s , c a n  affect n e u ro n a l  
d e v e lo p m e n t a n d  su b se q u e n t p a tte rn s  o f  b e h a v io u r  
in y o u n g  a n im a ls  a n d  in th e  h u m a n  ch ild . T h e  fifth  
a n d  final c h a p te r  c o n c e n tra te s  o n  th e  c lin ica l im p lic a ­
t io n s  o f  n e o n a ta l  p h a rm a c o lo g y , in c lu d in g  th e  in te r ­
p la y  o f  fa c to rs  in v o lv e d  in  th e  m a n ife s ta tio n  o f  te r a to ­
g en ic  effects, fo e ta l p h a rm a c o lo g y  a n d  th e  t r e a tm e n t  
o f  fo e ta l d isease  in utero a n d  th e  t ra n s fe r  o f  d ru g s  
a n d  o th e r  c h em ica ls  fro m  th e  la c ta t in g  m o th e r  to  the  
n e o n a te  in th e  m ilk.

A lth o u g h  th e  p rim e  in te re s t o f  th is  b o o k  lies w ith  
m an . p a r tic u la r ly  in th e  la s t c h a p te r ,  a  g re a t  d e a l o f  
in fo rm a tio n  d e riv e d  fro m  a n im a l s tu d ie s  is  m e n tio n e d
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a n d  d iscussed . T h e  p ro v is io n , w h e re  a p p ro p r ia te ,  o f  
a n a to m ic a l ,  h is to lo g ic a l a n d  p h y sio lo g ic a l b a c k ­
g ro u n d  to  th e  v a r io u s  sy s te m s  c o n s id e re d  a llo w s  th e  
c h a p te r s  to  be  re a d  w ith o u t re fe re n ce  to  o th e r  texts. 
A lto g e th e r, th e  b o o k  sh o u ld  p ro v e  a n  a s se t to  a n y o n e  
c o n c e rn e d  w ith  th e  effec ts o f  c h e m ic a ls  o n  th e  d ev e l­
o p in g  e m b ry o  a n d  n e o n a te , a n d  it is  n o t .  by  c u r re n t  
s ta n d a rd s , u n re a s o n a b ly  p riced .

Hepatocellular Carcinoma. E d ite d  by  K. O k u d a  a n d
R. L. P e te rs . J o h n  W iley  &  S ons . N e w  Y o rk . 1976. 
pp. x +  499. £27.60.

T u m o u rs  o f  th e  liv e r m a y  a rise  e ith e r  in th e  a b se n ce  
o f a n y  p re v io u s  h e p a tic  d ise ase  o r  in a s so c ia tio n  w ith  
c h ro n ic  h e p a tic  d iso rd e rs . B o th  ty p es  p re se n t a  c h a l­
lenge to  th e  d ia g n o s tic ia n  a n d  p a th o lo g is t.

P r im a ry  h e p a tic  tu m o u r s  in m a n  a re  re la tiv e ly  ra re  
in te m p e ra te  c lim a te s  b u t  o c c u r  q u i te  f re q u e n tly  in 
tro p ic a l  c o u n tr ie s . T h is  is  p a r tic u la r ly  th e  c ase  w ith  
tu m o u rs  th a t  a r is e  f ro m  liv er cells. T u m o u rs  a r is in g  
fro m  th e  b ile  d u c ts  a re  u n iv e rsa lly  in fre q u e n t a n d  
c a n c e rs  o f  o th e r  c o n s t i tu e n ts  o f  th e  liver, su ch  a s  th e  
b lo o d  vessels o r  c o n n e c tiv e  tissu e , a r e  e x tre m e ly  ra re  
in a ll  c lim es.

S ince  liver-ce ll tu m o u r s  a s so c ia te d  w ith  liv e r d is ­
e ase  a re  fa irly  c o m m o n  in m an . th e  p a th o lo g ic a l  
les io n s  a s so c ia te d  w ith  liv e r c a n c e r  a re  c a re fu lly  c o n ­
s id e red  in th is  b o o k . C irrh o s is ,  p a r tic u la r ly  th e  
m a c ro n o d u la r  type  w ith  w id e  b a n d s  o f  fib ro sis , is 
m o re  o ften  a s so c ia te d  w ith  c a rc in o m a  th a n  is a n y  
o th e r  h e p a tic  les ion , in f la m m a to ry  o r  reac tiv e . O th e r  
ty p es  o f  c ir rh o s is  a re  less lia b le  to  be  a s so c ia te d  w ith  
c a n c e r , th e  lea s t lia b le  b e in g  th e  fine m ic ro n o d u la r  
ty p e  o f  c irrh o s is . T h is  a n d  o th e r  a sp e c ts  o f  th e  p h y sio -  
p a th o lo g v  o f  liv e r c a n c e r  a r e  w ell c o v e re d  a n d  p a r ­
t ic u la r  a tte n tio n  h a s  b e en  p a id  to  th e  c lin ica l m an ife s­
ta t io n s  o f  th e  d isease  a n d  to  th e  m ea n s  a v a ila b le  fo r 
its  d ia g n o s is  a n d  fo r  m o n ito r in g  its  p ro g ress.

E ac h  o f  th e  21 c h a p te r s  h a s  a  s e p a ra te  a u th o r  a n d  
th e  b o o k  is d iv id e d  in to  fo u r  p a r ts ,  d e a lin g  in  tu rn  
w ith  p a th o g e n es is , a e tio lo g y , p a th o lo g y  a n d  c lin ica l 
fea tu res . A p a r t  fro m  th e  firs t c h a p te r ,  th e  w h o le  b o o k  
is c o n c e rn e d  w ith  th e  d isease  in m an . T h e  firs t c h a p te r  
is  a  g o o d  a n d  c o n c ise  a c c o u n t o f  th e  m o d e  o f  in d u c ­
t io n  a n d  p ro g re s s io n  o f  e x p e r im e n ta lly  in d u c e d  c a r ­
c in o m a . U n fo r tu n a te ly  it  k e ep s  to o  m u ch  to  th e  ’c en ­
tra l d o g m a ' o f  c h e m ic a l c a rc in o g e n e s is , im p ly in g  th a t  
a ll c h em ica lly  in d u c e d  c a n c e rs  a re  th e  re su lt  o f 
d a m a g e  to  D N A . T h e  v a lid ity  o f  th is  m e c h a n ism  in 
m a n y  c h em ica lly  in d u c e d  tu m o u r s  is  u n q u e s tio n a b le  
b u t  o th e r  m e c h a n ism s  in v o lv in g  c h ro n ic  re p e a te d  
in ju ry  c a n n o t  be d is re g a rd e d , p a r t ic u la r ly  in  th e  lig h t 
o f  th e  s tro n g  ev id e n ce  th a t  in m a n  c ir rh o s is  p re d is ­
p o se s  to  c a rc in o m a . F irs t  c h a p te r s  a re  u su a lly  
re se rv e d  fo r  to p ic s  c o n s id e re d  to  b e  p a r tic u la r ly  in te r ­
e s tin g . a n d  th e  p ro m in e n c e  g iv en  in th is  c a se  to  the  
p a th o g e n e s is  o f  e x p e r im e n ta lly  in d u c e d  tu m o u r s  lead s  
th e  r e a d e r  to  e x p ec t m o re  o n  th e  sa m e  top ic . U n fo r tu ­
n a te ly  th is  e x p e c ta t io n  is u n fu lfilled  a n d  th e  v ast 
a m o u n t  o f  m a te ria l  o n  th e  m e c h a n ism s  o f  in d u c tio n  
o f  h e p a to c e llu la r  c a rc in o m a  in e x p e r im e n ta l a n im a ls  
re m a in s  v ir tu a lly  u n c o n s id e re d . F u r th e rm o re , in th e  
v a r io u s  c h a p te r s  o n  th e  d ise ase  in m an . lit t le  e ffo rt

is  m a d e  to  in c lu d e  e x p e r im e n ta l m a te ria l  w h ic h  m an y  
w o u ld  re g a rd  a s  h ig h ly  re le v a n t to  th e  h u m a n  s itu ­
a tio n .

T h ese  o m is s io n s  leav e  im p o r ta n t  g a p s  in w h a t 
w o u ld  o th e rw ise  h a v e  b een  a  g o o d  a n d  u p - to -d a te  
rev iew  o f  liv e r c an c e r . P e rh a p s  th e  tit le  sh o u ld  h ave  
s tre sse d  th a t  th e  b o o k  is h eav ily  b ia se d  to w a rd s  h e p a ­
to c e llu la r  c a rc in o m a  in m an .

Glutathione: Metabolism and Function. K ro c  F o u n d a ­
t io n  Series. Vol. 6 E d ite d  by  I. M . A ria s  a n d  W.
B. Ja k o b y . R aver. P re ss . N e w  Y o rk . 1976. pp. 
xiii +  382. $28.50.

T h is  v o lu m e  c o n ta in s  25 p a p e rs  w h ich  w ere  p re s ­
e n te d  a t  a  w o rk s h o p  sp o n s o re d  b y  th e  K ro c  F o u n d a ­
t io n  a n d  th e  L iver R e se a rc h  C e n te r  o f  A lb e r t E in s te in  
C o lle g e  o f  M e d ic in e  a n d  h e ld  in  J u n e  1975. T h e  a im  
o f  th e  w o rk s h o p  w as to  d isc u ss  a n d  e v a lu a te  th e  
re c e n t a d v a n c e s  m a d e  in e lu c id a tin g  th e  u n iq u e  ro le  
o f  th is  t r ip e p tid e  in su ch  a p p a re n tly  d iv e rse  a r e a s  a s  
t r a n s p o r t  m e c h a n ism s  a n d  th e  m e ta b o lism , d isp o s i­
tio n  a n d  d e to x ic a tio n  o f  fo re ig n  c o m p o u n d s , in c lu d ­
in g  c a rc in o g e n s . T h e  im p o r ta n c e  o f  th e  su b je c t 
a t t r a c te d  a  n u m b e r  o f  e m in e n t sc ien tis ts , a n d  d is se r­
ta t io n s  o f  e x e m p la ry  s ta n d a rd  b y  th e  46  c o n tr ib u to r s  
a n d  th e  h ig h  q u a li ty  o f  th e  e n su in g  d isc u ss io n s  a p p a r ­
e n tly  m a d e  th e  m ee tin g  a n  o u ts ta n d in g  success.

T h is  is  c le a rly  re flec ted  in th e  b o o k , w h ic h  is 
d iv id e d  in to  fo u r se c tio n s, th e  firs t o f  w h ic h  c o n s is ts  
o f  seven  p a p e rs  d e a lin g  w ith  th e  g e n e ra l a sp e c ts  o f  
g lu ta th io n e  m e ta b o lism . T h e se  ra n g e  f ro m  th e  c h e m i­
c a l p ro p e r t ie s  o f  g lu ta th io n e  a n d  th e  e n zy m ic  p r o ­
cesses m e d ia te d  b y  it to  a  rev iew  o f  c o n ju g a tio n  re a c ­
t io n s  a n d  m e rc a p tu r ic  a c id  e x c re tio n . T h e  se c o n d  sec­
tio n  e x a m in e s  th e  re g u la to ry  m e c h a n ism s  g o v e rn in g  
th e  o x id a tio n /re d u e t io n  s ta te s  o f  g lu ta th io n e ,  a n d  the  
th ird  d e a ls  w ith  th e  s tru c tu re , re g u la tio n  a n d  fu n c tio n  
o f  g lu ta th io n e  S -tra n sfe ra se s  a n d  lig a n d in . T h e  im p o r ­
ta n c e  a t ta c h e d  to  th is  fam ily  o f  c a ta ly tic  b in d in g  p r o ­
teins, re p re se n tin g  a n  e x tra o rd in a r i ly  a d e p t  sy s tem  fo r 
d e to x ic a tio n , is re flec ted  in th e  fac t th a t  th is  a sp e c t 
o f  th e  su b je c t o c c u p ie s  a lm o s t  h a lf  o f  th e  b o o k . T h e  
fin a l sec tio n  is c o n c e rn e d  w ith  th e  ro le  o f  g lu ta th io n e  
in c h em ica lly  in d u c e d  in ju ry  a n d  c a rc in o g e n e s is . In 
e ach  o f  th e  se c tio n s, c r itica l d isc u ss io n s  o f  th e  p a p e rs  
c o n s t i tu te  a  v a lu a b le  a d ju n c t  to  th e  text.

T h e  d iv erse  a n d  e sse n tia l fu n c tio n s  o f  g lu ta th io n e  
in re g u la to ry  m e c h a n ism s  o f  th e  b o d y  a re  b e in g  in ­
c re a s in g ly  re co g n ize d  a n d  th is  b o o k  p re se n ts  in fo rm a ­
tio n  o f  c o n s id e ra b le  im p o r ta n c e  o n  th e  sub jec t.

Biochemical Toxicology of Environmental Agents. B>
A. D e  B ru in . E ls e v ie r ‘N o r th -H o lla n d  B io m ed ica l 
P re ss , A m ste rd a m . 1976. pp . x +  1544. Dfl. 320.00.

T h e  g ro w in g  a w a re n e ss  o f  to x ic  h a z a rd s  in m a n 's  
c h em ica l e n v iro n m e n t h a s  led  to  a n  in c re a s in g  
e m p h a s is  o n  th e  s tu d y  o f  th e  to x ic ity  o f  fo o d  a d d i ­
tives. d ru g s , p e s tic id es  a n d  in d u s tr ia l  c h em ica ls . A d d i­
tio n a lly . p a r t ic u la r  a tte n tio n  is b e in g  p a id  to  th e  b io ­
c h em ica l p ro c esses  u n d e r ly in g  th e  o n se t  o f  o v e r t to x ic
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Book reviews

effects and to the role of defence mechanisms in 
altering or averting chemically-induced injury to 
organisms. An inevitable consequence of this wide­
spread research effort has been a literature explosion 
which is placing a considerable, and continuing, 
burden on scientists trying to keep up with the sub­
ject.

Dr. De Bruin has attempted to ameliorate this situ­
ation by collecting and collating relevant information, 
and the end-product is a massive tome of some 1500 
pages. These are divided into 42 chapters on subjects 
ranging from general features governing the biodyna­
mics of xenobiotic compounds and the metabolism 
of environmental chemicals, pesticides, carcinogens 
and nutrients to immunological and acquired-toler­
ance mechanisms. The amount of information pro­
vided is enormous and over 13,000 references are 
cited.

This book should provide an invaluable work of 
reference despite the inevitable obsolescence of some 
of the material it contains. It should be noted, how­
ever, that this is not a critical treatise but rather a 
compendium of information. Nevertheless, the author 
deserves to be congratulated on accomplishing an 
extremely arduous task.
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ARTICLES OF GENERAL INTEREST

NITROSO COMPOUNDS AND CARCINOGENESIS

I n t r o d u c t i o n

Many nitrosamines are potent carcinogens, and 
their possible synthesis by the reaction of amines 
naturally present in food with nitrite added to foods 
in curing processes has prompted a great deal of 
research into the conditions under which nitrosation 
could possibly take place in the human gut ( C i t e d  

in  F . C . T .  1971. 9. 739; Lane & Bailey, F d  C o s m e t .  

T o x i c o l .  1973, 11, 851; C i t e d  in  F . C . T .  1974, 12, 156 
& 1977, 15, 655).

Mirvish ( T o x i c ,  a p p l .  P h a r m a c .  1975, 31, 325) has 
reviewed the possibilities for nitrosation not only of 
amines but of other environmental chemicals that are 
reactive with nitrite by virtue of an N-C linkage. 
Nitrosamines are formed from dialkyl, alkaryl. diaryl 
or cyclic secondary amines; nitrosamides are formed 
from /V-alkylureas, /V-alkylcarbamates and simple 
N-alkylamides. In addition, nitroso derivatives may 
be derived from cyanamides. guanidines, amidines, 
hydroxylamines. hydrazines, hydrazones and hydra- 
zides. The scope for i n  v i v o  nitrosation is therefore 
wide. The conditions under which nitrite can react 
with such compounds are also varied. Most carcino­
genic nitroso compounds result from acid-catalysed 
reactions, but nitrosamines may be formed at pH 
values close to neutral under the influence of heat 
or of bacterial activity, which reduces nitrate to nitrite 
in the presence of the amines. This synthesis is known 
to occur in the large intestine, the infected urinary. 
bladder or the infected vagina as well as in the 
stomach. Thiocyanate, bromide and chloride ions 
catalyse the nitrosation of amines, so it is possible 
that the additional thiocyanate found in the saliva 
of smokers may affect the degree of intragastric nitro­
sation.

The formation of nitroso compounds can be mini­
mized. Ascorbic acid reacts rapidly with nitrite in acid 
substrates to yield nitric oxide and dehydroascorbic 
acid, and might therefore be used as a competitive 
inhibitor against nitrosation of amines and amides 
in the stomach. This inhibition has been demon­
strated in guinea-pigs (Akin & Wasserman, F d  C o s -  

m e t .  T o x i c o l .  1975. 13, 239). Other practicable block­
ing agents include erythorbic acid, gallic acid, tannic 
acid, sulphite and cysteine (Mirvish. lo c .  c i r .) .

Weisburger & Raineri ( T o x i c ,  a p p l .  P h a r m a c .  1975. 
31, 369) have pointed out that there is at present very 
little evidence that exposure to nitrosamines produces 
cancer in man as it does in animals. However the 
biochemical evidence suggests that man is susceptible 
and it seems likely, therefore, that stomach and per­
haps oesophageal and liver cancers can result from 
the endogenous nitrosation of absorbed amines and

amides by nitrite derived from microbiological reduc­
tion of nitrate in foods kept at room temperature. 
If this is so, low temperature storage or the addition 
of inhibitors such as ascorbic acid may serve to 
reduce the incidence of such cancers in the future.

R o l e  o f  d r u g s

Drugs belonging to the chemical classes discussed 
above are just as likely to undergo nitrosation when 
exposed to nitrite under the right conditions as are 
normal food constituents. Consequently, the incor­
poration of appropriate amounts of ascorbic acid, or 
some other suitable blocking agent, has been recom­
mended for formulations containing potentially nitro- 
satable drugs (Mirvish. lo c .  c i r . ) . and the likelihood 
of nitrosamine formation may also be reduced by ad­
ministering such drugs parenterally.

LaBar & Sander ( Z .  K r e b s f o r s c h .  1975. 84. 299) 
reported that 30-50% of a single dose of 100 mg 
aminopyrine given in 1 0 0  ml water to fasting volun­
teers remained in tne gastric juice after 1 minute, and 
that its concentration fell to about one quarter after 
10 minutes. When sodium nitrite in broth made from 
lOOg cured ham was given under similar conditions, 
its concentration in the gastric juice was halved dur­
ing the first 2  minutes and fell to one quarter after 
10 minutes. When boiled ham itself was consumed 
instead of the derived broth, retention of nitrite in 
the stomach was prolonged. I n  v i t r o  experiments with 
broth from cured ham, pork and spinach incubated 
with aminopyrine showed that significant quantities 
of dimethylnitrosamine (DMN) were formed at nitrite 
levels as low as 4 mg. both from acid spinach broth 
and alkaline ham broth. There is thus a possibility 
that taking aminopyrine in conjunction with a meal 
containing nitrite might result in nitrosation and car­
cinogenesis. LaBar & Sander ( l o c .  c i t . )  suggested that 
aminopyrine might well be withdrawn from the open 
market in countries where it was still included in 
over-the-counter analgesic formulations, and recom­
mended that when used under medical supervision 
it should be taken with plenty of fluid, not in conjunc­
tion with meals, and combined with an adequate in­
hibitory dose of ascorbic acid. The same investigators 
( i d e m .  A r z n e i m i t t e l - F o r s c h .  1976. 26, 1340) found that 
rats given 2 mg DMN/kg by mouth excreted 0-003% 
of the dose unchanged in the urine, but that when 
the dose was increased to 15 mg/kg excretion in the 
urine was 008%. However, they found a wide vari­
ation between individual animals. From the mean 
quantity of DMN excreted after an oral dose of 10 
mg aminopyrine/rat followed immediately by 1 0  mg 
sodium nitrite/rat, they estimated that the nitrosation
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rate of aminopyrine was about 30%. The method 
proved too insensitive to be applied to human studies, 
however.

Lijinsky & Greenblatt (Nature New Biology 1972. 
236, 177) administered by gavage 35 mg aminopyrine/ 
rat. 40 mg sodium nitrite/rat or both compounds 
together, and examined the animals 6 8  hours later. 
Livers from those given both compounds showed 
severe centrilobular necrosis, typical of the observed 
effect of DMN (at doses of 3-7 mg/rat), while in 
neither of the other groups did such changes occur. 
Treatment of rats with the same doses of these com­
pounds on three consecutive days killed all the ani­
mals exposed to the combination and their livers 
showed severe necrosis. When graded doses of nitrite 
were used, a significant yield of DMN apparently 
resulted with doses as low as 10 mg. Another study 
by Lijinsky et al. (Nature, Lond. 1973, 244, 176) 
entailed giving groups of rats drinking-water contain­
ing either heptamethyleneimine hydrochloride and 
sodium nitrite, each in concentrations of 0 2 %, or 
aminopyrine and sodium nitrite, each at 0 T% or at 
0 025% on 5 days/week. for 28, 30 and 50 weeks, re­
spectively. The animals were observed for their life­
time. In the high-dose aminopyrine trial, all animals 
died within 1 year and 29/30 showed haemagioen- 
dothelial liver sarcomas with frequent lung meta- 
stases. In the low-dose aminopyrine trial, 14/30 died 
within 1 year, 1 2  with liver tumours, one with a paro­
tid tumour and one with a large mammary tumour; 
in six of these rats, lung metastases appeared. In the 
heptamethyleneimine trial. 23/30 died within a year 
and 2 0  developed primary tumours, mostly oeso­
phageal papillomas and squamous-cell carcinomas of 
the lung.

The doses used in these studies did not greatly 
exceed those that could be encountered by man, so 
the interaction of these and similar compounds can­
not be ignored as a possible factor in human cancer. 
On the other hand, in 30 rats given comparable doses 
(0 T% in the drinking-water) of oxytetracycline and 
sodium nitrite for 60 weeks (Taylor & Lijinsky, Int. 
J. Cancer 1975, 16, 211), only four liver tumours (one 
cholangioma and three of hepatocellular origin) were 
found. Even in the absence of any tumours in rats 
given nitrite or oxytetracycline alone, the significance 
of this finding must be considered doubtful.

The appetite suppressant phenmetrazine would be 
expected to undergo nitrosative dealkylation to 3- 
methyl-2 -phenyl-N-nitrosomorpholine (nitrosophen- 
metrazine; NPM). Greenblatt et al. (Nature New Bio­
logy 1972, 236, 25) introduced 1 mmol (177 mg) phen­
metrazine suspended in water containing sodium 
nitrite (in a molar proportion of 1 :4) into the ligated 
stomachs of two rabbits and after 5 hours found 
NPM yields equivalent to 13 and 18% of the theoreti­
cal (26-5 and 37-5 mg respectively) in the stomach 
contents. In a parallel experiment with the related 
phendimetrazine, no NPM was detected. Serial sam­
pling of the stomach contents after phenmetrazine/ 
nitrite administration showed that nitrosation was 
quite rapid at pH 3-5, with a decline in both phenme­
trazine and nitrite concentrations after the first hour. 
With an increase in nitrite from 1 to 4 mmol/mmol 
drug, the yield of nitrosamine rose proportionately. 
Intragastric injection of phenmetrazine and sodium

nitrate into rats produced no more than a trace of 
nitroso compound within 5 hours, and elimination 
of nitrate from the stomach was much slower than 
that of nitrite. The status of NPM as a carcinogen 
is unknown, but these findings suggest that phenme­
trazine may pose a hazard if taken together with food 
containing nitrite.

Alkylurea derivatives
The possible hazard of urea derivatives as nitrosa­

tion substrates has been studied by Mirvish et al. (J. 
natn. Cancer Inst. 1972, 48, 1311). Mice given drink­
ing-water containing 0 1 % sodium nitrite in conjunc­
tion with feed containing 0-54% methylurea or 0-64% 
ethylurea for 6  months developed more than four 
lung adenomas per mouse and showed a small in­
crease in malignant lymphomas. The production of 
multiple lung adenomas by the administration of 
nitrosoureas is well-documented. When the alkylureas 
were fed alone there was no increase in tumour inci­
dence over control levels. The medical use of urea 
derivatives such as tolubutamide, tolazamide, sul- 
phanilylurea, neohydrin-203Hg and nitrofurazone, 
and the use of phenylureas such as monuron and 
diuron as herbicides, makes the possible nitrosation 
of these compounds by dietary nitrite a significant 
possibility.

Mirvish & Chu (ibid 1973, 50, 745) gave fasting 
rats 21-5 mg methylurea or 25-5 mg ethylurea by 
stomach tube, together with 1 0  mg sodium nitrite. 
After 45-80 minutes the stomach contents showed a 
mean yield o:' 27% of the theoretical for methylnitro- 
sourea (MNU) and 8-7% for ethylnitrosourea (ENU), 
calculated on the nitrite content. When enough 
sodium bicarbonate to neutralize the gastric acid was 
given before the methylurea and nitrite, no nitroso 
derivative was found in the stomach contents, indicat­
ing that an acid-catalysed reaction was involved. 
When incubated with gastric juice, MNU was stable 
for at least 1 hour at 37°C. Intubation of 5 mg MNU 
or ENU into the rat stomach led to recovery of only 
27 and 29%, respectively, after 45-60 minutes, so the 
actual yields of these nitrosoureas from their precur­
sors in the rat stomach were probably considerably 
higher than the demonstrated 27 and 8-7%. Rustia 
(Cancer Res. 1974, 34, 3232) found that concurrent 
daily intragastric administration to hamsters of 1 0 0  

mg ethylurea/kg and 50 mg sodium nitrite/kg for 40 
doses produced multiple types of tumours. More than 
three different types of tumour per affected animal 
were seen in 85% of these hamsters, whereas only 
single tumours appeared in the other groups, affecting 
1 1 % of those given ethylurea alone and 16% of un­
treated controls. Vascular tumours of the spleen and 
liver, papillomas of the forestomach and vagina, ovar­
ian tumours and tumours of nervous tissue originat­
ing in the peripheral nervous system were included 
among the results of the ethylurea/nitrite treatment, 
a more extensive range of tumours than that seen 
in hamsters exposed to these precursors transplacen- 
tally.

Rats given drinking-water containing 0 04 M-n- 
propyl-, isopropyl- or n-butylurea together with food 
containing 0-28% sodium nitrite developed malignant 
abdominal reticuloses within 6  months (Schneider et 
al. Arch. Geschwulstforsch. 1974. 44, 126). The unifor­



Articles of general interest 71

mity of tumour type within these groups of animals 
indicated that the tumours resulted from endogenous 
nitrosation of the alkylureas.

A m i n o  a c i d s  a n d  h e t e r o c y c l i c  c o m p o u n d s

Braunberg & Dailey ( P r o c .  S o c .  e x p .  B i o l .  M e d .  

1973, 142, 993) have pointed out that L-proline and 
hydroxy-L-proline are the secondary amines to which 
human populations are most exposed through inges­
tion of food. Proline offers the greater hazard of the 
two amino acids, since it may be nitrosated to 
(V-nitrosoproline (NP), which then undergoes decar­
boxylation to form nitrosopyrrolidine (NPR). In an 
experiment with young fasting rats intubated with test 
doses of 1 4 C-labelled L-proline and nitrite, the 
amount of NP in the stomach 15 minutes after treat­
ment was found to be directly related to the doses 
of the reactants used (Braunberg & Dailey lo c .  c i t . ) .  

Greenblatt & Lijinsky (J . n a t n .  C a n c e r  I n s t .  1972. 48, 
1389) reported that mice given drinking-water con­
taining 01% sodium nitrite and 0-5% proline, hy- 
droxyproline or arginine for 38 weeks failed to show 
any increase in the incidence of lung adenomas. The 
addition of NP directly to the drinking-water at a 
level of 0 05 or 01% also failed to induce a significant 
number of lung tumours, but direct feeding of nitroso- 
piperidine in a total dose of 65 mg/mouse increased 
lung adenomas tenfold. NPR in a total dose of 15 
mg/mouse also increased the incidence of lung 
adenomas, and at the same time proved severely 
hepatotoxic, with the production of nodular hyper­
plasia and paracentral necrosis.

Another study (Garcia & Lijinsky, Z .  K r e b s f o r s c h .  

1973, 79, 141), involving administration of the nitrosa- 
mino acids, nitrosohydroxyproline. NP and nitrosopi- 
pecolic acid, to rats at levels of 0  015% in their drink­
ing-water for 75 weeks, indicated that at such a con­
centration none was carcinogenic. Other rats given 
005% sodium nitrite with 0025% pyrrolidine, piperi­
dine, piperazine, morpholine or heptamethyleneimine

for 75 weeks also failed to develop tumours. Piperi­
dine given at 0 1 % with 0 -2 % sodium nitrite was not 
tumorigenic. It appears that strongly basic amines do 
not readily form nitrosamines in dilute solution in 
sufficient quantities to induce tumours (Garcia & 
Lijinsky. lo c .  c i t . ) .  A similar conclusion was drawn 
from a study in hamsters (Sen e t  a l .  F d  C o s m e t .  T o x i ­

c o l .  1975. 13, 423). the strong base in that case being 
diethylamine.

The biosynthesis of NPR has been demonstrated 
by Mysliwy e t  a l .  ( 3 r .  J .  C a n c e r  1974. 30, 279), who 
gave dogs with a gastric fistula 50 ml of 0T% sodium 
nitrite and 002% pyrrolidine unbuffered at pH 11-2. 
The pH of the stomach contents fell over 30 minutes, 
while the concentration of nitrite fell to 1 0 % of its 
initial value during the same period. From 1 minute 
after the introduction of the solution. NPR was de­
tectable. and its concentration rose to 0-96 ppm after
2-5 minutes in one dog and to 0-12 ppm after 7 min­
utes in another. Thereafter it declined rapidly, prob­
ably as a result of absorption. Since the production 
of NPR was negligible when the reagents were main­
tained at 37°C and oH 3 in  v i t r o ,  it appears that some 
additional factor is involved in promoting the syn­
thesis of NPR in the dog’s stomach.

The real significance of these demonstrations of 
tumour induction following administration of nitrosa- 
mine or nitrosamide precursors to rats and other ex­
perimental animals can still not be assessed adequa­
tely in terms of the likely course of events in man. 
However, these studies do suggest ways in which the 
formation of nitroso compounds in the gastro-intes­
tinal tract may be discouraged and some of these are 
clearly relevant to the human situation. Until man’s 
susceptibility or resistance to nitrosamine carcino­
genesis can be more clearly established, it seems 
advisable to take any possible steps to reduce his 
exposure to this class of compound.

[P. Cooper—BIBRA]

IRRADIATED DIETS EXAMINED

We last took a broad look at the problems of irra­
diated foodstuffs in 1969 (C i t e d  in  F . C . T .  1969. 7. 171). 
Since then, additional investigations of the effects of 
feeding irradiated products to animals for long 
periods have been undertaken, many with the support 
of the International Project in the Field of Food Irra­
diation, and limited approval for specific types of irra­
diated food has been granted by some authorities.

A n i m a l  f e e d s t u f f s

Chauhan e t  a l .  ( F d  C o s m e t .  T o x i c o l .  1975. 1. 433), 
mated untreated female Swiss mice over a 4-week 
period with males that had been fed for 8  week on 
diet irradiated with 2-5 Mrad and who found at mid­
pregnancy no differences in implantation rates and 
dead implantations between these females and a simi­
lar group mated with males fed non-irradiated diet. 
The same investigators ( i d e m .  I n t .  J .  R a d i a t .  B i o l .

1975. 28. 215) mated 14- and 15-week-old male Wistar 
rats, of a third generation fed with ration irradiated 
at 0-2 or 2-5 Mrad. with females aged 9-11 weeks 
and again found no evidence of dominant lethal 
mutations, there being no significant differences 
between these two test groups and the controls in 
respect of pregnancy rates and pseudopregnancies, 
total implantations (live foetuses plus dead implan­
tations). dead implantations and overall mean cor- 
pora-lutea counts.

A host-mediated assay in Swiss mice fed food irra­
diated at 0-75. 1-5 or 3-0 Mrad and injected ip with 
S a l m o n e l l a  t y p h i m u r i u m  TA 1530 was carried out by 
Johnston-Arthur e t  a l .  ( S t u d ,  b i o p h y s .  1975. 50, 137). 
No difference from controls was seen in Salmonella 
implanted in animals fed 0-75 Mrad-irradiated ration, 
a slight difference was associated with the 1-5 Mrad 
irradiation and a significant increase in mutation fre­
quency occurred with 3 Mrad. The increase in
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mutation frequency seen with food given the highest 
irradiation dose was not accompanied by any obvious 
lethal effect on the test bacterium. Another host- 
mediated assay using the same bacterial strain and 
Swiss mice fed a diet irradiated with 3 Mrad failed 
to show any increase in mutation frequency (Miinzner 
& Renner. Z e n t h l .  V e t M e d .  1976. 23B, 117). An in  

v i t r o  test, in which an aqueous extract of the irra­
diated food was incubated with an agar culture of 
the Salmonella, also gave no indication of increased 
mutation.

M i l k  p o w d e r

Following a study in which rats or mice fed for 
8  weeks on a diet with a relatively high level of free 
radicals, derived from its content of 35% whole-milk 
powder irradiated with 4-5 Mrad. had shown no 
mutagenic or other adverse effects on reproductive 
capacity ( C i t e d  i n  F .C .T .  1974. 12 427), Renner & Rei- 
chelt (Z e n t h l . V e t M e d .  1973. 20B, 648) fed a similar 
ration to six generations of rats over a 3-year period. 
Although succeeding generations were killed after 1 
year, the parent generation was kept on test for just 
over 2 years. At the end of the first year, animals 
taking the irradiated diet weighed significantly less 
than the controls, probably because of their low vita­
min intake, but this differer.ee was eliminated during 
the second year. There was no evidence in the treated 
animals of any toxicity in the form of blood abnor­
malities or changes in serum-enzyme activities, organ 
weights or histology, no increase in tumour incidence 
was detected and fertility was unaffected.

W h e a t  a n d  p o t a t o e s

George e t  a l .  ( F d  C o s i n e : .  T o x i c o l .  1976. 14. 289) 
reported that when Wistar rats were fed a diet con­
taining 70% irradiated wheat (75 krad) for 1-6 weeks, 
their bone-marrow picture showed no greater fre­
quency of polyploid cells than was found in others 
fed 70% non-irradiated wheat. Even when the wheat 
was fed within 24 hours of irradiation it had no 
observable effect on the bone-marrow picture. No 
adverse effect on the sexual physiology of female 
rhesus monkeys fed a diet containing both similarly 
irradiated wheat flour (75 krad) and potatoes irra­
diated with 1 0  krad. a dose of the order of that used 
to inhibit sprouting, was observed by Sialy e t  a l . (I n t . 

J .  R a d i a t .  B i o l .  1976. 29. 555). Monkeys fed this diet 
for 3 months showed no external changes in repro­
ductive organs and no alteration in the menstrual 
cycle, vaginal cytology or oestrogen and pregnanediol 
production. The histology of the reproductive organs 
remained normal.

Levinsky & Wilson ( F d  C o s m e t .  T o x i c o l .  1975. 13. 
243) described a negative dominant lethal study in 
which an alcoholic extract of potatoes irradiated with 
about 1 2  krad was given by gavage twice daily to 
male Swiss mice, in a daily dose equivalent to 3 g 
potato, for 7 days, immediately after which sequential 
mating was started. Females were examined on days
11-17 of gestation. Pregnancy rates, total numbers 
of implantation sites and numbers of foetal deaths 
did not differ in the treated mice and controls.

The effect of malnutrition as a factor in the possible 
toxicity of irradiated foods was investigated by 
Vijayalaxmi & Rao ( I n t .  J .  R a d i a t .  B i o l .  1976. 29. 93).

Groups of 16 male Wistar rats were fed either an 
18%- or a 5%-protein diet for 8  weeks, after which 
four from each group were mated over a 4-week 
period while the rest were fed either non-irradiated 
or irradiated wheat (75 krad) in a diet containing 9% 
protein for another 12 weeks before mating. The 
mutagenic index (percentage of dead embryos among 
total implantations) in females mated with rats taking 
the 18°;,-protein diet was consistently lower than that 
associated with the 9%-protein diet. The rats fed only 
the 5 %-protein diet were probably not sexually 
mature, since none of the females became pregnant 
by them. The mutagenic index associated with in­
itially good nourishment did not differ significantly 
from that of initially malnourished rats subsequently 
fed non-irradiated wheat, but in both groups inges­
tion of irradiated wheat increased the mutagenic in­
dex. The irradiated feed also reduced the number of 
germ cells in the testes of malnourished although not 
of well-nourished animals. In view of the evidence 
for an increase in dominant lethality and the decrease 
in germ cells in the testes following feeding of this 
irradiated diet, particularly to malnourished rats, it 
should be noted that the wheat was fed to the rats 
within 2 0  days of its irradiation.

Of particular interest is a paper by Bhaskaram & 
Sadasivan ( A m .  J .  d i n .  N u t r .  1975. 28, 130) describing 
nutritional studies in small groups of children. Three 
groups each of five children suffering from severe pro­
tein and calorie malnutrition were fed diets contain­
ing non-irradiated. freshly irradiated (75 krad) or irra­
diated and subsequently stored wheat in amounts 
equivalent to 20 g/'kg body weight for 6  weeks. All 
groups showed similar clinical and biochemical re­
sponses to the feeding. In four children who received 
freshly irradiated wheat, polyploid cells were first 
detected 4 weeks from the start of the test feeding 
and their incidence rose from 0 8  to T8 % at 6  weeks. 
Other abnormal cells with split centromeres and 
widely separated chromatids also appeared. Totals of 
abnormal cells at 4 and 6  weeks accounted for 1-2 
and 3-8%, respectively, but their incidence had de­
creased substantially in two children re-examined 
after 16 weeks, and none were apparent at 24 weeks. 
Children given stored irradiated wheat showed an in­
cidence of 0-6% polyploid cells at 6  weeks. No abnor­
mal cells appeared in children fed non-irradiated 
wheat. The numbers involved and the type of examin­
ations performed limit the value of this study. Evi­
dence from numerous other studies suggests a 0 - 2 % 
range in the incidence of polyploidy in normal human 
populations, and a recent extensive study carried out 
for the International Project for Food Irradiation 
showed no effect on polyploidy incidence in rats fed 
freshly irradiated wheat (P. S. Elias, personal com­
munication. 1977).

Irradiation has been shown to be a very effective 
means of prolonging the storage life of certain food­
stuffs. by controlling insect infestation of stored 
grains, for example, and discouraging the sprouting 
of potatoes and onions. Priyadarshini & Tulpule ( F d  

C o s m e t  T o x i c o l .  1976. 14, 293). however, reported that 
irradiation markedly increased aflatoxin production 
in cereals, onions and potatoes heavily inoculated 
with A s p e r g i l l u s  p a r a s i t i c u s  and suggested that irra­
diation induced in the substrate biochemical changes
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that favoured aflatoxin production. On the other 
hand, the Joint FAO/IAEA/WHO Expert Committee 
( T e c h .  R e p .  S e r .  W l d  H l t h  O r g .  1977, 604. 17 & 18)

found no evidence that, in practice, contamination of 
grain with aflatoxin-producing fungi or levels of toxin 
production were enhanced by irradiation.

[P. Cooper—BIBRA]

SOYA PROTEIN AND CHOLESTEROL

Although the connection is not universally 
accepted, it is now widely agreed that high serum- 
cholesterol levels predispose to coronary heart dis­
ease. In addition to genetic factors, the cholesterol 
level in the blood is influenced by diet—particularly 
the ratio of saturated to polyunsaturated fats (Keys 
e t  a l .  M e t a b o l i s m  1965, 14, 747). The suggestion has 
also been made that the amount and source of protein 
in the diet influence serum-cholesterol levels (Olson 
& Vester, P h y s i o l .  R e v .  1960, 40, 677; Hodges e t  a l .  

A m .  J .  c l i n .  N u t r .  1967, 20, 198). This suggestion is 
supported by the lower serum-cholesterol levels of 
vegetarians compared with non-vegetarians (West & 
Hayes, i b i d  1968, 21, 853; Sacks e t  a l .  N e w  E n g l .  J .  

M e d .  1975, 292, 1148) and by the hypocholesteraemic 
effect produced in rabbits by vegetable protein but 
not by animal protein (Carroll & Hamilton. J .  F d  

S c i .  1975, 40, 18).
Sirtori e t  a l .  (L a n c e t  1977, I, 275) have carried out 

a study in which a soya-bean textured protein totally 
replaced animal proteins in the diets of 2 2  people 
with type II hyperlipoproteinaemia. In each of these 
patients, the effects of a soya-protein diet were com­
pared with those of a standard low-lipid, low-choles­
terol diet. All the patients had been on a low-lipid, 
low-cholesterol diet for at least 3 months before the 
study. After adaptation to the hospital environment, 
each patient was given either a low-lipid diet followed 
by the soya-protein diet or v i c e  v e r s a , each dietary 
period lasting for 3 weeks. Both diets contained a 
high ratio of polyunsaturated to saturated fats and 
a low cholesterol level; the fibre content of the two 
regimes was the same. Plasma-cholesterol and trigly­
ceride levels of the patients were determined three 
times each week after a 1 2 -hour overnight fast and 
plasma lipoproteins were determined once a week. 
The study was completed by ten males and ten 
females aged from 22 to 6 8  years. The soya-protein 
diet, whether given before or after the low-lipid diet, 
significantly reduced cholesterol levels in the plasma 
(by an average of 21% in 3 weeks), whereas the low- 
lipid diet had very little effect. The extent of the 
reduction in plasma cholesterol was significantly 
related to the pretreatment plasma-cholesterol level. 
Plasma triglycerides were slightly decreased by both 
diets during the first treatment period but tended to 
stabilize during administration of the second diet

In a second study by Sirtori e t  a l .  ( l o c .  c i t ), eight 
more patients were given a diet in which the animal 
protein was replaced with textured soya protein for 
two successive 3-week dietary periods, with half of 
the subjects receiving 500 mg cholesterol daily for the 
first 3 weeks while the remainder were given the cho­
lesterol supplement only for the last 3 weeks. The

added cholesterol influenced neither the rate of de­
crease of plasma cholesterol during the first feeding 
period nor the stability of plasma cholesterol during 
the second. These authors state that this hypocholes­
teraemic effect is far in excess of that to be expected 
from the small difference between the two diets in 
the ratios of polyunsaturated to saturated lipids and 
may help to explain the variations in lipid levels 
found in populations with differing vegetable intakes. 
Knowledge of this effect may assist the formulation 
of diets for the treatment of hyperlipidaemia.

The underlying mechanism has not been estab­
lished but it has been suggested (L a n c e t  1977, I, 291) 
that it might be related to the low-methionine content 
of soya protein compared with meat protein. How­
ever, Gatti & Sirtori ( i b i d  1977, I, 805) produced ex­
perimental evidence to refute this suggestion. They 
found that addition of methionine to the soya-protein 
diet of five patients did not appear to hinder the 
hypocholesteraemic effect.

Helms ( i b i d  1977, I, 805) put forward a number 
of objections to the conclusions of Sirtori e t  a l .  ( l o c .  

c i t . ) . His first point was that this theory contrasted 
with the fact that Eskimos on very high animal- 
protein diets hac low plasma-lipid concentrations. 
Then, criticizing the lack of detailed diet specifications 
in the report of the studies, he estimated that the 
daily carbohydrate intake from the textured soya-pro­
tein source alone was probably 23 g. and that about
15—20 g of this was indigestible, non-cellulose polysac­
charide. Since the'e is considerable evidence that such 
polysaccharides have some capacity for lowering 
blood cholesterol. Helms suggested that the effects of 
the textured soya protein on blood lipids could be 
ascribed to the carbohydrate rather than the protein 
fraction.

Responding to this suggestion. Gatti & Sirtori ( lo c .  

c i t . )  agreed that the textured soya protein did indeed 
contain about 8  g more non-digestible, non-cellulose 
carbohydrate than the control diet, but pointed out 
that this amount of indigestible fibre was unlikely to 
produce a significant hypocholesteraemic effect. In 
support of this claim they cited the findings of Durr- 
ington e t  a l .  ( i b i d  1976. n, 394) and Jenkins e t  a l .  

( i b i d  1976, ii, 1351). who showed that even 15 g of 
daily pectin or guar gum decreased cholesterol levels 
by only 7-9%, far less than the decreases produced 
by soya protein. Whilst the activity of the indigestible 
fibres cannot be ruled out, it seems that the effect 
on blood lipids is more likely to be due to the protein 
fraction of the soya bean.

The lack of effect of the cholesterol supplement in 
the second study of Sirtori e t  a l .  ( l o c .  c i t . )  could have 
been caused by the low dietary lipid content and high
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ratio of polyunsaturated to saturated lipid according 
to Hermus e t  a l .  ( i b i d  1977, I, 905), who pointed out 
that Sirtori e t  a l .  ( l o c .  c i t .) did not state whether a 
daily cholesterol supplement affected plasma-lipid 
levels in patients on the control low-lipid diet.

Hermus e t  a l .  ( l o c .  c i t . )  also viewed the extrapola­
tion of the effect of soya protein to other vegetable 
proteins as unwarranted. They demonstrated that 
hypercholesteraemia in casein-fed rabbits could be 
largely prevented by replacing part of the casein by 
other animal proteins such as gelatin and fish protein

and tentatively attributed this to differences in the 
amino-acid composition of the proteins.

Although the mechanism involved is far from clear, 
the demonstration of the hypocholesteraemic effect of 
textured soya-bean protein has important implica­
tions in the fight against coronary heart disease. Poss­
ible therapeutic benefits of soya protein in this con­
text would add to its already considerable value as 
a source of low-cost protein.

[M. A. Thompson—BIBRA]

PBB AND THE LIVER

The aftermath of the accidental contamination of 
Michigan cattle with a polybrominated biphenyl 
(PBB) in 1973/4 exposed wide gaps in our knowledge 
of the hazards of this group of compounds. Following 
this notorious incident, deaths, stillbirths and high 
rates of abortion were observed in animals exposed 
to high levels of a hexabrominated biphenyl ( F o o d  

C h e m i c a l  N e w s ,  1974, 16 (10). 34). In man. neurologi­
cal, muscular and gastro-intestinal disorders were 
later linked with PBB ingestion ( F o o d  C h e m i c a l  N e w s .

1977. 18 (43). 32).
The effects of PBBs seem to be particularly marked 

in the liver. Residues accumulated mainly in the fat 
and liver of a cow and a sheep fed a diet containing 
50 ppm PBB for 15 and 30 days, respectively ( C i t e d  

in  F .C .T .  1977 15, 157) and marked glandular hyper­
plasia was produced in the intrahepatic bile ducts of 
the cow and the gall bladder of the sheep. Mice given 
a diet containing 1000 ppm PBB for 11 days had 
enlarged livers and increased levels of cytochrome 
P-450, as well as swollen hepatocytes and focal areas 
of coagulative necrosis ( C i t e d  in  F .C .T .  1977 15, 257).

More evidence of the action of PBBs in the liver 
has recently accumulated. In a number of studies in 
which rats were given a mixture of PBBs at dietary 
levels from 1 to 1 0 0 0  ppm, liver- to body-weight 
ratios were increased significantly (Dent e t  a l .  R e s .  

C o m m u n .  c h e m .  P a t h .  P h a r m a c .  1976. 13, 75; i d e m .  

T o x i c ,  a p p l .  P h a r m a c .  1976, 38, 237; Lee e t  a l .  i b i d

1975, 34, 115; Sleight & Sanger. J .  A m .  v e t .  <ned. Ass.
1976. 169, 1231). The mixture used in all these studies 
except that of Lee e t  a l .  ( l o c .  c i t . )  was Firemaster BP6 . 
the contaminant in the Michigan disaster. In guinea- 
pigs fed PBBs in the diet. Sleight & Sanger ( l o c .  c i t . )  

found no significant increase in liver weight at the 
1- or 10-ppm levels but at 100 and 500 ppm the 
liver-to body-weight ratios were increased, although 
loss of body weight accounted for a considerable part 
of this.

Lee e t  a l .  ( l o c .  c i t . )  found that after 2 weeks on 
a diet containing 100 or 1000 ppm PBBs, rats had 
accumulated similar and very high levels of bromine 
in both fat and liver, and much lower levels in muscle. 
However, after 4 weeks on the 100-ppm diet, the bro­
mine level in fat was twice that in the liver. Two 
weeks after withdrawal of PBB from these diets, bro­
mine levels in the liver had decreased markedly but 
those in the fat had not. while 6  weeks after with­

drawal, bromine was gradually decreasing in the liver 
and muscle but was still building up in the fat of 
the 1000-ppm group. However, even 18 weeks after 
withdrawal, all three of these tissues in treated ani­
mals retained amounts of bromine considerably 
higher than those in controls.

Microscopic lesions, predominantly extensive swell­
ing and vacuolation of cells, were found by Sleight 
& Sanger ( l o c .  c i t . )  in the livers of rats fed 10-500 
ppm PBB for 30 days. Most of the vacuoles were 
small except in a few areas; they were shown by stain­
ing to contain fat. Areas of inflammation and necrosis 
were rare, the extent of cell damage being dose- 
related. Lee e t  a l .  ( l o c .  c i t . )  gave a more detailed 
account of the hepatic cell damage produced by feed­
ing rats with 100 or 1000 ppm PBB for 2 weeks. The 
hepatocytes were hypertrophied, with basophilic cyto­
plasm clumped around the cell membranes, and the 
pale, foamy and granular or vesicular perinuclear 
cytoplasm contained cytoplasmic inclusions, the cap­
sules of which were shown by staining to be phospho­
lipids. It was demonstrated that the inclusions varied 
in size, shape and structure, were formed within the 
hepatocytes and tended to cluster to form giant inclu­
sions. The larger inclusions had thicker laminated 
capsules and the number and size of these structures 
were related to dosage and duration of treatment and 
to the degree of hepatocellular change. During the 
recovery period, the inclusions decreased in number 
and size in parallel with regressing hepatocellular 
changes.

Electron microscopy revealed proliferation of the 
smooth endoplasmic reticulum (SER) in both the 
studies mentioned above. Lee e t  a l .  ( l o c .  c i t . )  described 
the structure of the fully developed inclusions as a 
thick concentrically laminated capsule of paired 
arrays of smooth membrane containing several lipid 
droplets. Hepatocytes with marked proliferation of 
SER showed considerable depletion of glycogen and 
moderately increased lipid droplets in the form of 
cytoplasmic globules which were not always related 
to the cytoplasmic inclusions. There was a propor­
tional depletion of glycogen as the SER proliferated. 
Sleight & Sanger ( l o c .  c i t . )  also observed this prolifer­
ation of the SER. In addition they reported a signifi­
cant increase in the size of the mitochondria in rats 
fed 1 or 10 ppm PPB. but this increase was less dis­
tinct at the higher levels and contrasted with the
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generally normal mitochondria found by Lee e t  a l .  

( l o c .  c i t . ) .

The latter goup maintain that myelin figures and 
the pathological changes in the hepatocytes produced 
by their sample of octabromobiphenyl are similar to 
those produced by DDT, thiohydantoin compound, 
phenobarbitone and toxic fat. They suggest that the 
myelin figures develop to enhance the surface area 
of the membrane for maximum contact of the toxin 
with detoxifying enzymes. In the light of the cumula­
tive build-up of bromine in the fat, the toxic materials 
could well be located in the membrane-bound lipid 
bodies in which drug-metabolizing enzymes would 
have easy access to the fat-soluble material, but this 
is speculation.

An increase in the activity of hepatic microsomal 
enzymes at all feeding levels (1-500 ppm) was 
recorded by Sleight & Sanger ( lo c .  c i t . ) ,  and in the 
two papers cited earlier, Dent e t  a l . describe the 
effects on liver-enzyme activities of administering 
PBBs either in the diet or as a single ip injection. 
The liver-enzyme activities of rats given 4-69, 18-75, 
75 and 300 ppm PBBs in the diet showed a dose-res­
ponse relationship between exposure and induction, 
and several enzymes were highly sensitive to PBB 
(Dent e t  a l .  R e s .  C o m m u n .  c h e m .  P a t h .  P h a r m a c .  1976, 
13, 75). At 300 ppm all the enzymes measured were 
significantly induced and at 75 ppm cytochromes 
P-450 and h s , epoxide hydratase, aniline hydroxylase, 
ethylmorphine-N-demethylase, ethoxycoumarin-O- 
deethylase and benzo[a]pyrene hydroxylase were in­
duced by NADPH-cytochrome c  reductase was not. 
At 18-75 ppm all the enzymes except cytochrome b 5 

and aniline hydroxylase were significantly induced, 
while at 4-69 ppm only epoxide hydratase was in­
duced. The inducing properties of PBB appeared to 
be similar in some respects to those of both pheno­

barbitone and 3-methylcholanthrene, which classi­
cally represent two distinct types of inducer. Because 
of the persistence of PBBs, particularly in adipose tis­
sue, enzyme induction would be expected to be a 
long-lasting effect.

In their second study. Dent e t  a l .  ( T o x i c ,  a p p l .  P h a r ­

m a c .  1976, 38, 237) gave rats a single ip injection of 
25 or 150 mg PBB/kg. Significant induction of cyto­
chrome P-450, epoxide hydratase, ethoxycoumarin-O- 
deethylase, ethylmorphine-N-demethylase, aniline hy­
droxylase and arylhydrocarbon hydroxylase took 
place in all cases from 48 hours through until 336 
hours at the 150-mg/kg level, whereas at the 25-mg/kg 
level the induction of ethylmorphine-/V-demethylase 
was not significant until 336 hours and induction of 
epoxide hydratase never reached a significant level. 
When the pattern of induction by the PBBs was again 
compared with those of phenobarbitone and 3-meth­
ylcholanthrene, the PBB mixture was implicated once 
more as a mixed inducer. Separate components of 
the Firemaster BP6  mixture could be responsible for 
the different inducing effects, although a single com­
ponent may be involved in both actions. It is sug­
gested that the enzyme-inducing properties of the 
mixture might even be due to a minor contaminant; 
chlorinated dibenzofurans, which are amongst the 
most potent enzyme inducers known, have been iden­
tified in polychlorinated biphenyl mixtures and simi­
lar compounds could be present in Firemaster BP6 .

While it is not clear which components of Firemas­
ter BP6  are responsible for the different parts of its 
mixed enzyme-inducing ability, it is certain that the 
mixture has significant effects on the liver and there 
is clearly a possibility that with such enzyme-inducing 
capacity the mixture could influence the toxicity of 
other compounds.

[M. A. Thompson—BIBRA]
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COLOURING MATTERS

3237. How pigs deal with Orange RN

Larsen, J. C. & Tarding, F. (1976). Studies on the 
metabolism of Orange RN in the pig. A c t a  p h a r m a c .  

to .x . 39, 525.
For the azo dyes widely used for colouring food­

stuffs, the main route of metabolism involves reduc­
tive cleavage of the azo link by the gut flora with 
the consequent formation of primary amines. The ani­
line produced in this way by Orange RN (mono­
sodium l-phenylazo-2 -naphthol-6 -sulphonate). for 
example, has given rise to anaemia and Heinz-body 
formation in various species of laboratory animal ( F d  

C o s m e t  T o x i c o l .  1971, 9, 619) but in addition, a 
Danish study carried out a few years ago revealed 
a lesion in the livers of pigs fed Orange RN (Olsen 
e t  a l .  T o x i c o l o g y , 1973, 1, 249). This unexpected find­
ing prompted further metabolic studies in this species.

After Orange RN had been given iv or by stomach 
tube to female pigs, 24-hr urine specimens were exam­
ined for metabolites. Following an iv dose of 7-8 
mg/kg, the urine contained unchanged dye (31% of 
the theoretical yield), l-(4-hydroxyphenylazoF2-naph-

thol-6 -sulphonic acid (3%), p-aminophenol, the prod­
uct of aniline hydroxylation (34%) and o-aminophenol 
(4%): l-amino-2-naphthol-6-sulphonic acid was pre­
sent but was not measured. The remainder of the 
phenylazo moiety appeared as p-aminophenol when 
the collection of urine was continued up to 72 hr. The 
excretion pattern suggested that Orange RN was 
partly excreted from the circulation into the bile, 
thereafter undergoing azo reduction in the gut. After 
administration of a dose of 78 mg/kg by mouth, 
the urine contained Orange RN and 1-(4-hydroxy- 
phenylazo)-2 -naphthol-6 -sulphonic acid, the two com­
pounds together representing only 0-4% of the theor­
etical yield, p-aminophenol (52%), o-aminophenol 
(6 %) and aniline (0-3%), again with a small quantity 
of l-amino-2-naphthol-6-sulphonic acid. These results 
confirm that Orange RN undergoes considerable 
reduction at the azo link after oral administration 
to pigs. It appears, however, that compared with 
earlier findings in the rabbit (Daniel. T o x i c ,  a p p l .  

P h a r m a c .  1962, 4, 572), l-amino-2-naphthol-6-sul- 
phonic acid is a relatively unimportant urinary meta­
bolite.

FLAVOURINGS

3238. Sensitizing sebacate

Berlin, A. R. & Miller, F. (1976). Allergic contact der­
matitis from ethyl sebacate in haloprogin cream. 
A r c h s  D e r m .  112, 1563.

A 13-yr-old girl who developed contact dermatitis 
affecting the dorsal aspect of her feet and toes was 
found to be sensitized to a haloprogin cream which 
she had applied to relieve the irritation associated 
with the wearing of gym shoes. She had previously 
used this preparation for a short time a few months 
before. When the later use of the cream was discon­
tinued the rash faded, and the girl was then patch- 
tested with the ingredients of the cream. Ethyl seba­
cate, which was included as a solubilizer, was found 
to be the culprit.

Ethyl sebacate is widely used as a flavouring agent 
in certain foods, and is also included in some cosmetic 
creams as a solubilizer. The authors discuss the theor­
etical possibility that people already contact-sensit­
ized to this ester might suffer allergic reactions when 
they subsequently ingest it. and speculate that the 
lack of reports of this type of response may be due 
to complete metabolism of the compound in the gas­
tro-intestinal tract. They also suggest that the extreme 
rarity of cases of sensitization to ethyl sebacate in

cosmetic preparations may be an example of inhibi­
tion of contact dermal sensitization by prior ingestion 
of the additive in foods, an effect known as the Sulz- 
berger-Chase phenomenon.

3239. Aspartame and phenylketonuria

Koch, R„ Schaeffler, G. & Shaw, K. N. F. (1976). 
Results of loading doses of aspartame by two phenyl- 
ketonuric (PKU) children compared with two normal 
children. J .  T o x i c o l ,  e n v i r .  H l t h  2, 459.

Aspartame (L-aspartyl-L-phenylalanine methyl ester) 
was cleared by the FDA for use as a sweetening agent 
in July 1974 ( F e d e r a l  R e g i s t e r  1974, 39 (145), 27319). 
However, because of questions raised as to the vali­
dity of the research data submitted by G. D. Searle 
& Co., the effectiveness of the regulation was stayed 
before any aspartame had been marketed (F o o d  

C h e m i c a l  N e w s  1975, 17(45), 22). Aspartame is hydro­
lysed in the gut to methanol, phenylalanine (PA) and 
aspartate ( C i t e d  in  F . C . T .  1977, 12, 778), and the 
authors cited above point out that its use as a sweet­
ener could provide as much as 340 mg PA daily. This 
could represent a significant amount for phenyl- 
ketonurics, who lack the enzyme responsible for con­
verting PA to tyrosine and must therefore be given

77
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special diets with a low PA content. In the study cited 
above, the effect of single loading doses of aspartame 
and PA in normal and phenylketonuric subjects was 
investigated.

Two phenylketonuric and two norma, adolescents 
were each given a single dose of 34 mg aspartame/kg, 
followed 2  wk later by the molecular equivalent 
amount of l-PA (19 mg/kg). The two phenylketonuric 
subjects were concurrently receiving diets providing 
PA at dose levels of 17 and 70 mg/kg/day, respect­
ively, and in the former case the experimental dose 
of 1072 mg PA exceeded the dietary intake of 965 
mg. Analysis of urine, collected for three 8 -hr periods 
before and after each dose and then at 48 and 72 
hr afterwards, in no case revealed a significant change 
in the output either of PA or of its metabolites o-hyd- 
roxyphenylacetic acid, phenylpyruvic acid or phenyl- 
acetylglutamine. The phenylketonuric patient on the 
more restricted diet did not excrete phenylpyruvic 
acid after either aspartame or PA. and although he 
showed slight increases in urinary PA and phenylace- 
tylglutamine these had no clinical meaning. In the 
serum, sampled before each dose and at intervals up 
to 72 hr afterwards, PA levels increased by 4-6 
mg/ 1 0 0  ml in the two phenylketonurics after both the 
aspartame and PA doses, but in the normal subjects 
serum PA was not significantly changed by the treat­
ment. In no cases were serum tyrosine levels markedly 
altered, and no methanol was found in any serum 
or urine samples.

This limited study indicated that aspartame, at in­
take levels higher than those to be anticipated from 
its use as a sweetener, was well tolerated by the 
phenylketonuric adolescents. However, in younger 
phenylketonurics its contribution to the total permiss­
ible PA intake would be correspondingly higher, and 
the authors consider that the amount of aspartame 
ingested by such subjects may need to be controlled.

3230. No mutations from ingested cyclohexylamine

Machemer, L. & Lorke, D. (1976). Evaluation of the 
mutagenic potential of cyclohexylamine on spermato­
gonia of the Chinese hamster. Mutation Res. 40, 243.

Cyclohexylamine (CHA) is used as a boiler-water 
additive and is also well known as a metabolic 
product of cyclamates. Mutagenicity studies on CHA 
have given somewhat conflicting results, but is note­
worthy that there has been no evidence of mutagenic 
effects after its oral administration (Cited in F.C.T. 
1977, 15, 69). Further negative findings after adminis­
tration by this route are now presented.

Male Chinese hamsters were given an aqueous 
solution of CHA sulphate by oral intubation at a dose 
level of 150 mg/kg/day for 5 days. Colchicin (4 mg/kg) 
was injected 18-5 hr after the last dose to inhibit 
mitosis, and the animals were killed after a further
5-5 hr. One hundred spermatogonial metaphases from 
each animal were then compared with similar 
numbers from positive and negative controls given, 
respectively, 100 mg cyclophosphamide/kg/day for 5 
days and water alone. In the CHA group, only 0-87% 
of the metaphases displayed aberrations (gaps and 
breaks), or 0-37°/, when gaps were excluded, and no 
translocations were found. These results did not differ 
significantly from the L24% incidence of gaps and 
breaks (0-25% breaks) in the negative controls. In con­
trast, in the cyclophosphamide group the incidence 
of aberrations was 3-41%, or 1-99% when gaps were 
excluded, and 0-71% also displayed translocations. 
Although the incidence in this positive group was 
relatively low. suggesting that some damaged cells 
might have been eliminated during the treatment 
period, the differences from the negative control 
group were statistically significant. The study thus 
provided further evidence of the safety of CHA in 
this connexion.

AGRICULTURAL CHEMICALS

3231. Zinc depletion and dithiocarbamate terato- 
genesis

Larsson, K. S., Arnander. C., Cekanova. E. & Kjell- 
berg, M. (1976). Studies of teratogenic effects of the 
dithiocarbamates maneb, mancozeb. and propineb. 
Teratology 14, 171.

The teratogenic powers of the dithiocarbamate 
fungicides maneb, mancozeb and propineb are com­
pared in the work cited above. Preliminary work by 
these authors had indicated that these compounds 
act by depleting body zinc. The three formu­
lations (manganese ethylenebis(dithiocarbamate), a 
zinc-maneb complex containing 2 0 % manganese and
2-5% zinc, and a polymer of zinc propylenebis(dithio- 
carbamate). respectively) all of technical grade, were 
given by gavage to mice on days 9 or 13 and to rats 
on day 11 of gestation. Mice received 400, 770 or 
1420 mg maneb/kg or 380, 730 or 1320 mg manco- 
zeb/kg, while rats received similar doses of these two 
compounds or 400, 760 or 2300 mg propineb/kg. No

adverse effects appeared in maternal or foetal mice. 
In rats the frequency of resorptions rose after treat­
ment with 770 or 1420 mg maneb/kg to 56 and 40% 
respectively, compared with a control figure of 3%. 
All surviving foetuses showed malformations (severe 
limb and craniofacial defects) after exposure to the 
two highest doses of maneb, and malformations were 
seen also in 25% of surviving foetuses exposed to 
mancozeb at the 1420 mg/kg level. The frequency of 
resorptions increased to 34% in rats given 2300 mg 
propineb/kg, and at this dose level foetal malforma­
tions were almost universal; at lower propineb levels 
there were no more malformations than in controls. 
Adverse reactions, including paralysis of the rear 
extremities and loss of weight, were observed in all 
three groups of pregnant rats 3-4 days after treatment 
with propineb; recovery generally occurred within 4 
days. The addition of zinc to maneb at 15 mg zinc 
acetate/kg did not alter the 1 0 0 % frequency of foetal 
malformations associated with the 750 mg/kg dose, 
but addition of 30 or 60 mg/kg reduced the malforma­
tion rate for this dose to 64 and 11%. respectively.
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However with 1380 mg maneb/kg, even 108 mg zinc 
acetate/kg did not reduce the frequency of malforma­
tions.

It seems likely that the teratogenic effect of maneb 
is closely related to the degree of zinc depletion, sug­
gesting that the zinc-chelating potency of the dithio- 
carbamates may determine their teratogenicity. 
According to Hurley & Mutch (J . N u t r .  1973, 103, 
649), the zinc plasma concentration is higher in rats 
than in any other species and accumulation of zinc 
begins i n  u t e r o  ; this could explain, at least partially, 
the species difference in the effect of the dithiocarba- 
mates. Alternatively there may be differences in the 
gastro-intestinal absorption of these compounds by 
the two species. Although the doses used in these 
studies were far greater than the amounts likely to 
be involved in the ingestion of food-spray residues 
by pregnant women, the authors consider it prudent 
to favour the zinc-containing dithiocarbamates as 
pesticides.

3232. The metabolism of ethylene thiourea

Kato, Y., Odanaka, Y., Teramoto, S. & Matano, O.
(1976). Metabolic fate of ethylenethiourea in pregnant 
rats. B u l l .  e n v .  c o n t a m .  &  T o x i c o l .  (U.S.) 16, 546.

Thyroid tumours are the predominant morphologi­
cal effect of ethylene thiourea (ETU) administered for 
a prolonged period to the rat, although in the hamster 
the liver is the chief target organ (C i t e d  in  F . C . T .  1977, 
15, 5 ). The concentration of ETU attained in the 
thyroid after oral administration to rats and guinea- 
pigs was far greater than that in other organs, and 
unchanged ETU was rapidly excreted in the urine, 
with only about 1 % appearing in the faeces within 
48 hr ( i b i d  1975, 13, 584). ETU is also a teratogen 
in the rat (i b i d  1977, 15, 157), and evidence for its 
transplacental passage into the foetus has been 
reported (i b i d  1977, 15, 80). The latter study also

showed that, in pregnant rats given a teratogenic dose 
of [4 ,5-1 4 C]ETU, radioactivity was evenly dispersed 
between the red blood cells and plasma, and reached 
fairly uniform levels :n maternal liver, kidney, muscle 
and placenta. As much as 84% of the I4C was elimin­
ated in the urine within 48 hr, mostly as unchanged 
ETU, although traces of ethyleneurea and two un­
identified metabolites were also found.

Further evidence of the metabolic transformation 
of ETU has now been obtained in pregnant rats given 
a teratogenic dose (100 mg/kg) of ETU, labelled with 
I4C in either the 2- or 4,5-positions, on day 12 of 
gestation. Significant levels of radioactivity appeared 
in the blood within 5 min, and reached a maximum 
(0-48 /rmol expressed as [2-I4 C]ETU/g blood) within 
2 hr. Somewhat lower maximum levels were similarly 
attained within 2  hr in the foetus and most maternal 
tissues, and these had decreased by more than 90% 
after a further 22 hr. The only exception was the thy­
roid, in which levels increased from 0-35 jmiol/g at 
2 hr to 0-65 /tmol/g at 24 hr. Some 12% of the dose 
appeared in the urine within 3 hr, and this had risen 
to 80-2% by 24 hr and 82-5% by 48 hr. In contrast, 
only 0-53% was detected in the faeces over 48 hr. 
Expired carbon dioxide accounted for significant 
amounts (up to 7 nmol/2 min) of the [4,5-1 4 C]ETU, 
but for only traces of [2-1 4 C]ETU, a finding indica­
tive of fragmentation of the imidazolidine ring and 
decarboxylation in the 4- and/or 5-positions. Radio­
activity from [4,5-I4 C]ETU became incorporated to 
a large extent in the maternal serum proteins and 
in the crude protein fraction of the foetal cells, 
whereas [2-1 4 C]ETU was found chiefly in the eth­
anol-water fraction and to a lesser extent in the 
chloroform fraction of the foetal homogenate, Thin- 
layer chromatography of foetal tissue revealed eight 
radioactive metabolites in addition to unchanged 
ETU from [2-1 4 C]ETU. The thyroxine level in 
treated rats did not differ significantly from that in 
controls, suggesting that the teratogenic effects of 
ETU were not due :o a primary action on the thyroid.

PROCESSING AND PACKAGING CONTAMINANTS
3233. The cosmetic side of PVC bottles

Tester, D. A. (1976). The extraction of vinyl chloride 
from PVC containers. J .  S o c .  c o s m e t .  C h e m .  49, 459.

Vinyl chloride (VC) monomer presents a consider­
able biological hazard (C i t e d  in  F . C . T .  1976, 14, 347 
& 498). and the possibility and extent of its migration 
into food, drinks and drugs when its polymers are 
used in containers has been the subject of concern.

The use of thermoplastics, and particularly of poly­
vinyl chloride (PVC), for packaging toiletries and cos­
metics has increased rapidly. Residues of monomeric 
VC in PVC containers are minimal and their extrac­
tion by most solvents is slight. Maximum extraction 
levels for all the foodstuffs tested in the present study 
indicated a partition between the containers and their 
contents, the concentration of VC being much higher 
in the container. This effect overshadowed that of the 
weight ratio of the contents to the container. The rate

of extraction increased with increasing temperature 
for all the systems studied and, under given condi­
tions, the level of VC extracted was directly propor­
tional to the initial level in the container. Studies of 
monomer extraction by corn (maize) oil, orange 
squash, water, 3% aqueous acetic acid, and 15 and 
50% aqueous ethanol indicated a similar pattern for 
all the extractants except 50% ethanol. It may there­
fore be expected that other solvent systems, including 
reasonably dilute ethanolic solutions, will behave 
comparably. PVC containers holding 5 ppm or less 
of VC residue might be expected to yield 0 001-001 
ppm of VC to the contained liquid after prolonged 
storage. Under normal conditions of cosmetic use. 
any contribution of VC to the human system from 
cosmetic products is likely to be introduced through 
the skin and to be of less toxicological significance 
than the contributions from ingestion of food and 
drinks, although there is as yet little information on 
the percutaneous absorption of VC from very dilute 
aqueous or oily solutions.
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3234. Beryllium hypersensitivity tests

Price. C. D.. Jones Williams. W.. Pugh. A. & Joynson. 
D. H. (1977). Role of in vitro and in vivo tests of 
hypersensitivity in beryllium workers. J. din. Path- 
30. 24.

The likelihood that chronic beryllium disease is at 
least in part a manifestation of delayed hypersensiti­
vity has prompted the search for tests that may be 
used both for diagnosis of the disease and for the 
long-term monitoring of potentially exposed beryl­
lium workers. Studies have indicated that lymphocyte 
function tests are of great value in the detection of 
delayed hypersensitivity and preliminary work using 
the beryllium-induced macrophage-migration inhibi­
tion test (Be MIF) has proved promising. A sub­
sequent investigation (cited above) compared the 
results of Be MIF testing in patients with chronic 
beryllium disease, in industrial workers potentially 
exposed to beryllium but showing no evidence of the 
disease, and in control subjects, who included both 
patients with sarcoidosis and normal healthy indivi­
duals.

White blood cells were separated from heparinized 
blood and adjusted to give final concentrations of 2  5 
and 5 0 x 10'1 cells/ml prior to culturing with three 
( 1 0 “ 7. 1 0 ~ 8 and 1 0  9 m )  concentrations of beryllium 
sulphate (BeS04). Peritoneal macrophages were 
obtained from paraffin-oiled guinea-pigs. Each culture 
supernatant was used in three wells of a migration 
plate. The areas of migration, measured by plani­
metry. were read at both 18 and 24 hr and a migra­
tion index was calculated by dividing the area of 
migration with antigen by the area of migration with­
out antigen. Twelve readings for each subject were 
averaged to provide a mean MIF index.

Results revealed a positive inhibition in diseased 
patients, although steroid treatment, which the major­
ity of patients were undergoing at the time, tended 
to increase the MIF index. Seven of the 50 beryllium- 
metal workers had MIF indices below 0-87. 16 below 
0-93, 28 below 0-99 and 22 above 0-98. The only par­
ameter possibly associated with sensitization was air­
borne exposure, to which 42-8% of the sensitized sub­
jects but only 32-5°0 of the non-sensitized workers 
had been subjected. None of the control subjects 
appeared to be sensitized. The investigation, which 
also examined tuberculin reactivity (Mantoux test) 
revealed a trend towards tuberculin negativity in 
potentially exposed beryllium workers. Both this 
characteristic and the use of the Be MIF test in the 
long-term monitoring of potentially exposed workers 
should aid in the clarification of the important ques­
tion of whether beryllium-sensitized individuals are 
more liable to develop chronic beryllium disease.

3235. Into the heart of lead poisoning

Khan. M. Y., Buse. M. & Louria. D. B. (1977). Lead 
cardiomyopathy in mice. A correlative ultrastructural 
and blood level study. Archs Path. 101, 89.

The clinical problems commonly associated with 
lead intake in man and experimental animals are 
mainly gastro-intestinal, haemopoietic and central 
nervous system disorders. Few descriptions are avail­
able on the effects of lead on the cardiovascular sys­
tem of experimental animals, although Asokan (J. 
Lab. din. Med. 1974, 84, 20) reported structural 
changes in the heart muscle of rats given 1% lead 
acetate as drinking-fluid over a period of 6  wk. The 
study cited above sets out to examine the ultrastruc­
tural effects of acute lead toxicity on the myocardium 
of mice and to relate any changes to blood-lead levels.

Three groups of 12 male mice were force-fed a lead 
acetate solution in distilled water on 5 days/wk for 
2  wk. at doses of 2 0 , 1 0 0  and 2 0 0  mg/kg body weight. 
The animals were killed and their hearts were excised 
7 days after the last treatment. Small strips of myocar­
dium were removed and prepared for electron micro­
scopy. Blood-lead levels were determined by atomic 
absorption spectrophotometry.

At death no gross abnormalities were seen in any 
of the organs. Blood-lead levels in each group of mice 
varied, with a generally higher range in the animals 
that received higher doses of lead. To correlate the 
blood-lead levels with the observed myocardial struc­
tural changes, the data were organized into three 
groups with blood-lead levels of 4-16, 20-56 and 
60-124 itg/100 ml, respectively.

Significant ultrastructural changes were observed 
only in animals with blood-lead levels over 
20 pig/100 ml. Nuclear changes were substantial and 
their severity appeared to be related to lead levels. 
Peripheral and membranous condensation of nuclear 
chromatin was apparent and the nucleolus showed 
disorganization. Changes in mitochondria and the en­
doplasmic reticula were observed at blood-lead levels 
above 40 ng/ 100 ml, the frequency and severity of 
these again being related to the lead level. Character­
istic features of the mitochondria were mild to moder­
ate enlargement, disorientation of cristae, vacuolation 
and an increase in the intramitochondrial matrix. The 
endoplasmic reticulum showed mild to moderate dila­
tion. Myofilamentous changes were restricted to ani­
mals with blood-levels above 60 /rg/ 1 0 0  ml and sever­
ity was related to blood-lead level; they may have 
resulted from a specific metabolic disturbance or from 
a violent contraction of myofibrils. Of the organelles 
examined, the myofibrils appeared to be the most re­
sistant to lead toxicity. Interstitial cell changes were 
restricted to mice with blood-lead levels above 
40/rg/100 ml, and were characterized by an increase 
in cytoplasmic organelles, particularly polyribosomes 
and endoplasmic reticulum.

The nuclear and nucleolar changes seen in the 
study were perhaps related to disturbances of cellular 
RNA metabolism, and although some other com­
pounds. such as ethionine. proflavine and aflatoxin. 
are known to complex with DNA to inactivate 
chromatin and produce clumping, it remains unclear 
whether the observed nuclear and nucleolar changes 
resulted from lead-DNA complexing or from some 
nonspecific cellular damage.

The applicability of these findings to lead intoxica­
tion in man requires further clarification. Although
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the present study suggests a good correlation between 
myocardial effects and blood-lead levels, there is often 
a dichotomy between tissue and blood levels and 
between blood levels and tissue effects.

3236. A lead to the lead effect on globin synthesis

Ali. M. A. M. & Quinlan. A. (1977). Effect of lead 
on globin synthesis in vitro. Am. J. din. Path. 67, 77.

A disturbance in haem biosynthesis is one impor­
tant aspect of lead toxicity as evidenced by anaemia 
and increased urinary excretion of coproporphyrin 
and (5-aminolaevulinic acid (Goldberg. Br. J. Haemat.
1972. 23, 521). These changes have been attributed 
to the inhibition of several enzymes involved in haem 
synthesis or to interference with the transport of iron, 
as well as to changes in the erythrocyte membrane 
(idem. Sem. Heimt. 1968. 5, 424). The present study 
examines the effects of lead, at various concentrations, 
on globin chain synthesis and the influence of haem 
on these effects, in an attempt to clarify the nature 
of the defect in haemoglobin synthesis associated with 
lead poisoning.

Reticulocyte-rich peripheral blood samples were in­
cubated with lead acetate at concentrations of 1 0 -6. 
1 0 " 5 and 1 0 _4m (equivalent to 2 0 . 2 0 0  and 
2 0 0 0  pgj 1 0 0  ml respectively) and the incorporation of 
tritiated leucine into globin was determined. To 
examine the effect of haem on the inhibition of globin 
synthesis, reticulocyte-enriched blood was incubated 
with lead in a concentration of 1 0 “ 5 m ( 2 0 0  ¿rg/ 1 0 0  ml) 
in the presence of haem at a concentration of 1 0 “ 3 m 
or in its absence.

The depression of tritiated-leucine incorporation 
into globin chains was proportional to the concen­
tration of lead acetate, leucine incorporation being 
reduced to about 85% of the control value with 
10” 6 m. 48% with 10" 5 m and 15% with 10~4 M-lead 
acetate.

In the second study, lead alone depressed the incor­
poration of tritiated leucine to 45% of the control 
value, whilst globin synthesis with haem alone was 
109% of the control. In the presence of both haem 
and lead, the mean incorporation of leucine into glo­
bin was 69% of the control value. However, the in­
crease was not significantly different from that 
obtained with lead alone, confirming the previous 
observation of direct inhibition of globin synthesis as 
well as the haem-synthesis defect (Kassenaar et al. 
J. hiol. Chem. 1957, 229, 423). The mechanism of inhi­
bition of globin synthesis by lead thus differs from 
its inhibition by ethanol, since the latter can be com­
pletely reversed by haem.

Lead is known to affect mitochondrial metabolism 
profoundly, both by disturbing ATP synthesis and by 
combining with sulphydryl-containing mitochondrial 
enzymes involved in cytochrome synthesis, and it may 
be that a similar effect accounts for the direct inhibi­
tion of globin synthesis by lead.

The authors remark on the inhibition of globin syn­
thesis at a level of lead considered to be well below 
the accepted safe upper limit (70-80 ¿(g/lOOml) for 
the blood concentration of persons exposed indus­
trially. They suggest that even slight exposure to lead

may be more dangerous to health than has previously 
been suspected and that further studies would aid in 
the clarification of subclinical lead poisoning.

3237. Injected EDTA and the kidney

Braide. V. B. (1976). Renal ultrastructural changes in­
duced by calcium EDTA in rats. Res. vet. Sci. 20, 
295.

The injection of calcium disodium ethylenediamine- 
tetraacetate (CaNa2 EDTA). which has been used to 
treat lead poisoning in man and domestic animals, 
has produced hydropic degeneration of the proximal 
convoluted tubules of the kidneys both under experi­
mental conditions (Cited in F.C.T. 1967. 5, 576) and 
as a side-effect of its therapeutic use (Holland et al. 
Proc. Soc. exp. Biol. Med. 1953. 84. 359). Vacuolation 
of the tubular cells was shown to be associated with 
the uptake of , 4 C-labelled CaNa2EDTA by the lyso­
somal fraction of the renal cortex, suggesting that 
vacuole formation involved pinocytosis and sub­
sequent lysosomal activation (Cited in F.C.T. 1972, 
10, 698). Injected CaNa2EDTA has also produced 
haemorrhage and necrosis of the intestine, and the 
major ultrastructural changes in the duodenal epithe­
lium of the ra: have been shown to be mitochondrial 
swelling and dilatation of the endoplasmic reticulum 
(Braide & Aronson, Toxic, appl. Pharmac. 1974. 30, 
52). The ultrastructural changes produced in the kid­
ney have now undergone a similar study.

Rats were infused iv for 24 hr with 01 m- 
CaNa2EDTA at a rate of 6  mmol/kg/24 hr, and the 
kidney tissue was then compared with that from 
saline-infused rats. CaNa2EDTA did not affect the 
renal mitochondria, except to the extent that they 
appeared to be reduced in number in the proximal 
tubular cells. These cells contained many large 
vacuoles filled with flocculations of electron-dense 
material, and showed evidence of increased lysosomal 
activity. The electron density of the glomerular base­
ment membrane was decreased, and the space 
between it and the capillary endothelium was 
enlarged.

As infused CaNa2EDTA promotes collagen degra­
dation in the rat (Aronson & Rogerson. ihid 1972. 
21, 440i. it seems probable that the effects on the 
basement membrane were due to the degradation of 
the collagen of which it is largely composed. The con­
sequent increased leakage of plasma albumin into the 
proximal tubular fluid, and/or the increase in collagen 
breakdown products, could then have been respon­
sible for the increased number of pinocytotic vesicles 
in the proximal tubular epithelium.

3238. Expiry of expired methyl methacrylate

Derks. C. M. & d’Hollander. A. A. (1977). Some 
aspects of pulmonary excretion of methylmethacrylate 
monomer (MMM) in dogs. J. surg. Res. 22, 9.

The effects of the iv administration of methyl meth­
acrylate (MMA) have been studied extensively, largely 
as a result of speculation on the potential hazards
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of MM A absorbed from the self-curing acrylic cement 
used in orthopaedic surgery. Homsy e t  a l .  ( C l i n .  

O r t h o p .  r e l .  R e s .  1972. no 83. p. 317) considered that 
the major route of excretion, following an iv injection 
of MMA to dogs, was through the lungs. However, 
thinking that the evidence for pulmonary excretion 
was unconvincing, the authors of the study cited 
above attempted to clarify the matter.

MMA was given to anaesthetized dogs by infusion 
through a vein in the paw. The total dose of 005 
ml/kg. administered during a 4-min infusion period, 
was such that the cardiopulmonary function of the 
animals was only very slightly affected. MMA levels 
in the expired air were maximal within 2-4 min of 
the start of the infusion and, of the quantity of 
monomer excreted through the lungs. 50% was elim­
inated within 2-5 min and 93% was eliminated by 
the end of the perfusion period. Nevertheless, the total 
amount of pulmonary excretion was small, account­
ing for a maximum of 3% of the injected dose. Free 
MMA levels in arterial blood samples taken from the 
femoral artery 4 min after the beginning of the infu­
sion were similar to those in the expired air, but after 
a further 5 min no free MMA could be detected. I n  

v i t r o  studies showed that equilibrium between MMA 
vapour and the blood, plasma or red cells was not 
established during a 165-min observation period, a 
finding due. it was suggested, to uptake of the 
monomer by the blood constituents.

Commenting on earlier work, these authors noted 
that from the expired air of a patient undergoing sur­
gery. Homsy e t  a l .  ( l o c .  c i t . )  recovered only some 0-5% 
of the MMA detected in the central venous circula­
tion during the first 6  min after implantation of the 
cement. Furthermore, in contrast to the rapidity of 
the pulmonary excretion of MMA and of the fah in 
free MMA levels of the blood now reported, previous 
experiments in the dog using labelled MMA had 
detected radioactivity in the blood for comparatively 
long periods, suggesting the retention of polymers or 
metabolites. It is concluded that MMA is excreted 
in the expired air only to a very minor extent, the 
other metabolic pathways that must operate being 
aided by the high solubility of MMA in the blood.

3239. A potentiated breath of carbon tetrachloride

Folland. D. S., Schafiner, W„ Ginn. H. E., Crofford.
O. B. & McMurray. D. R. (1976). Carbon tetra­
chloride toxicity potentiated by isopropyl alcohol: In­
vestigation of an industrial outbreak. J .  A m .  m e d .  A s s .  

236, 1853.

Carbon tetrachloride is acknowledged to be one 
of the most toxic solvents in common use. and it is 
well known that its hepatotoxicity is enhanced by the 
consumption of alcohol (Cited in  F . C . T .  1963. 1. 282; 
i b i d  1968, 6 , 808). The incident related here illustrates 
the potential hazard of its unauthorized use in a fac­
tory.

Eight of 43 workers packing isopropanol from bulk 
were exposed to the vapour of carbon tetrachloride, 
which was used on one occasion as a cleaning agent 
in place of the usual acetone. They became ill within 
1 2  hr and a further six workers developed signs of

toxicity within 48 hr. The signs included nausea (in 
93%), vomiting (in 8 6 %), headache (in 79%), weakness 
(in 8 6 %) and abdominal pain (in 71%). Some workers 
also complained of dizziness, diarrhoea and blurred 
vision. The average duration of the illness was 7 days 
(range 2-21 days). Attack rates were highest among 
workers towards the north end of the plant, where 
the isopropanol-packaging line was only 12-15 m 
from open buckets containing 15 litres of carbon 
tetrachloride. Of the four who were taken to hospital, 
two had both renal damage and mild liver dysfunc­
tion. three required treatment for renal failure and 
one needed haemodialysis. Some 2 months after the 
incident, the isopropanol concentration in the air at 
the northern end of the plant was 410 ppm, compared 
with 140 ppm in the middle. Alveolar samples from 
the workers most heavily exposed to isopropanol con­
tained a mean concentration of 1 0 0  ppm isopropanol 
with up to 19 ppm acetone, its metabolite, although 
no acetone could be detected in the ambient air. It 
seems probable that the relatively high acetone con­
tent of the workers’ blood potentiated the toxicity 
of carbon tetrachloride, and the authors propose that 
stricter limits than the currently accepted 1 0  ppm 
should be set for the latter solvent in situations where 
concurrent exposure to isopropanol or acetone 
occurs.

3240. Ca DTPA strikes the foetus

Fisher. D. R.. Calder, S. E.. Mays. C. W. & Taylor.
G. N. (1976). Ca-DTPA-induced fetal death and mal­
formation in mice. T e r a t o l o g y  14. 123.

Calcium trisodium diethylenetriaminepentaacetate 
(Ca DTPA) has been shown to chelate plutonium, 
yttrium and lanthanum and promote their excretion 
from the body (C i t e d  in  F .C .T .  1964. 2, 93). However, 
the authors of the paper cited above reported earlier 
that Ca DTPA possessed considerable toxicity for the 
mouse foetus ( C i t e d  in  F .C .T .  1977. 15, 363), and they 
have now extended their original studies.

Female mice given five daily injections each of 
720-2880 /<mol Ca DTPA/kg on days 2-6. 7-11 or
12-16 of gestation were killed and examined on day
18. Foetal deaths showed an increase over the control 
level, particularly when Ca DTPA had been injected 
during early or mid-gestation, and resorption sites in 
the dams were commoner than dead foetuses. The 
frequency of gross malformations, which included 
exencephaly, ablepharia. spina bifida aperta, cleft 
palate and polydactyly, increased with dose, with the 
highest incidence of exencephaly and ablepharia 
appearing when Ca DTPA was given during early 
or mid-gestation and the highest incidence of poly­
dactyly when it was given in late gestation. The inci­
dence of polydactyly did not necessarily reflect the 
e.Tect of Ca DTPA, however, since this condition 
tends to be spontaneous in the C57BL strain of ani­
mal used (but no polydactyly was observed in con­
trols). In alizarin-stained specimens of foetuses, 
slightly retarded ossification of the skull-cap and an 
abnormally wide mid-line cranial fissure were com­
mon. The doses of Ca DTPA given produced no 
deaths among the dams, but haemorrhages in the
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uterine walls and placenta were seen in some animals 
after the higher doses.

This further evidence supports the group’s previous 
recommendation (i b i d  1977, 15, 363) that for the 
emergency removal of plutonium and other actinide 
elements from the human body, Ca DTPA should 
be replaced with the much safer zinc trisodium salt, 
which does not cause substantial depletion of body 
levels of zinc and manganese.

3241. Pectin lowers blood cholesterol

Kay, R. M. & Truswell, A. S. (1977). Effect of citrus 
pectin on blood lipids and fecal steroid excretion in 
man. A m .  J .  c l i n .  N u t r .  30, 171.

Several recent studies have shown that dietary fibre 
can protect against the toxic effects of certain food 
additives (amaranth. Tween 60 and sodium cycla- 
mate), a finding attributed to its physico-chemical 
properties (C i t e d  in  F . C . T .  1975, 13, 581; i b i d  1976, 
14, 365 & 1977. 15, 358) also appears that lack of 
fibre in the diet of affluent western man may contrib­
ute to the high incidence of colonic cancer, and poss­
ibly to other conditions such as cardiovascular dis­
ease. One of the many types of dietary fibre is pectin, 
which has been shown to increase the faecal excretion 
of lipids, cholesterol and bile acids in rats (Lin e t  

a l .  A m .  J .  P h y s i o l .  1957, 188, 6 6 ) and, in gram quanti­
ties, to lower plasma cholesterol in man (Keys e t  a l .  

P r o c .  S o c .  e x p .  B i o l .  M e d .  1961, 106, 555; Palmer & 
Dixon, A m .  J .  c l i n .  N u t r .  1966, 18, 437; Jenkins e t  

a l .  L a n c e t  1975, I, 1116). Further evidence that pectin 
may have a beneficial effect on blood-cholesterol 
levels in man is now available.

Four men and five women were fed for 3 wk on 
metabolically controlled diets and each day were 
given 15 g citrus pectin, mixed with fruit, sugar and 
orange juice to form a gel, in divided doses with 
meals. Except for some flatulence and abdominal dis­
tension, the pectin was well tolerated. During the
3-wk period, plasma cholesterol fell on average by 
13% (range 5-26%), and in all but one case it rose 
again when pectin was discontinued. Plasma triglycer­
ides, however, were unaffected. Mean intestinal transit 
time was unchanged, but there was a slight increase 
in the dry weight of the faeces and in the frequency 
of defaecation, accompanied by a decrease in faecal 
water content. When measured during the third week 
of pectin consumption, the faecal excretion of fat and 
neutral steroids (cholesterol and coprosterol) showed 
highly significant increases, of 44 and 17% on average 
respectively, and total bile acid excretion was also 
increased by a mean of 33%.

The effects on plasma cholesterol were greater than 
those reported by previous workers, perhaps because 
pectin was administered this time as a gel rather than 
in biscuit of capsule form. As pectin is largely 
degraded by colonic bacteria, it seemed probable that 
the effects observed were attributable to its physical 
properties in the upper intestine, and the authors sug­
gest that it may interfere with the equilibrium 
between the micellar phase and the molecular phase 
which passes into the unstirred layer on the brush 
border.

3242. Aflatoxin rides again

Arseculteratne, S. N„ Samarajeewa, U. & Welianga. 
L. V. (1976). Inhibition of aflatoxin accumulation in 
smoked substrates. J .  a p p l .  B a c t .  41, 223.
Flannigan, B. & Hui, S. C. (1976). The occurrence 
of aflatoxin-producing strains of A s p e r g i l l u s  f l a v u s  in 
the mould floras of ground spices. J .  a p p l .  B a c t .  41, 
411.

Aflatoxin (AF) has produced acute liver damage, 
liver degeneration, liver tumours and teratogenic 
effects, and is possibly associated with Reye’s syn­
drome (C i t e d  in  F . C . T .  1976. 14, 151). Reports of its 
occurrence in vegetable foods and spices and attempts 
to prevent its production by various moulds continue.

The first paper cited here describes a study of the 
possible use of a smoking process to control mould 
growth and AF production in food materials. Both 
the growth of A s p e rg i i l l u s  p a r a s i t i c u s  NRRL 2999 in 
grated coconut and in potato-dextrose broth and the 
production of AF in these cultures were inhibited to 
some degree by exposure of the substrate to coconut­
shell smoke in a metal smoking chamber. On both 
substrates, AF production was significantly and some­
times totally inhibited, while mycelial growth was in­
hibited to a less marked degree. Treatment of the 
broth with liquid smoke again significantly reduced 
AF accumulation, but mycelial growth was not 
reduced. A strain of P é n i c i l l i u m  r u b r u m  isolated from 
mouldy copra was less susceptible than A .  p a r a s i t i c u s  

to growth inhibition by direct smoking.
In view of suggestions that drying in electrical 

ovens might provide an alternative means of counter­
acting A F contamination of coconut kernels, it is of 
interest that in unsmoked coconut, moisture levels as 
low as 15% permitted significant toxin accumulation, 
while toxin production was totally inhibited in 
smoked substrates at moisture levels up to about 
40%. The latter level is close to that of the fresh ker­
nels (about 45%) and is unlikely to be reached during 
storage under all but the most adverse conditions. 
Pointing out the technical and economic advantages 
of smoking in this context, the authors claim that 
the main disadvantage of the process—the possible 
transmission of carcinogens in the smoke—may be 
counteracted by careful control of combustion tem­
peratures or the use of liquid smoke. They recom­
mend that studies on smoking processes should be 
extended to the industrial level and to other food 
crops, such as groundnuts, susceptible to AF con­
tamination.

The second paper cited above describes an examin­
ation of the microflora of 2 0  samples of ground food 
spices and three samples of mixed-spice powder. 
Moulds were not detected in cloves, but in other 
spices propagules ranging in numbers from 
0-5 x 102/g in turmeric to 6-4 x 105/g in black pep­
per were counted. Aspergillus species were the main 
contributors except in curry powder, fenugreek and 
gharum masala, ir, which Penicillia predominated. A .  

g l a u c u s  and A .  n i g s r  occurred in 19 of the 23 samples, 
and there were low counts of A .  f l a v u s  in 14 samples. 
Of 24 strains of A .  f l a v u s  incubated in  v i t r o , seven 
produced AF. These were isolated from whole ginger 
or from Jamaica red or white peppers.

F.C.T. 1 61  — F
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3243. Is coffee a thiamine antagonist?

Somogyi, J. C. & Nageli, U. (1976). Antithiamine 
effect of coffee (preliminary communication). Int. Z. 
VitamForsch. 46, 149.

Roasted coffee contains 12 -14°u dry weight of 
chlorogenic acid, and smaller quantities of caffeic acid 
and other o-diphenols. a class of compounds known 
to have a pronounced antithiamine effect in vitro 
(Somogyi & Bonicke, Int. Z. VitamForscn. 1969, 39, 
65). The possible antithiamine effect of these constitu­
ents in man was studied in 25 subjects who were given 
1 litre of coffee containing 0 -2 % chlorogenic acid in 
seven portions within 3 hr. Eight days later the same 
subjects received water as a control. In each experi­
ment the urinary excretion of thiamine was measured.

and in seven subjects blood concentrations of thia­
mine were also measured.

The decrease in thiamine excretion in urine was 
more rapid and considerably greater after coffee than 
after water. In 13 of 15 subjects, total urinary thia­
mine excretion was lower during the 8 - 1 0  hr after 
coffee consumption than after water consumption, 
with a mean difference of 45-5%. In a further experi­
ment involving nine subjects studied 2  hr after the 
last portion of coffee or water was consumed, urinary 
excretion of thiamine was reduced in those imbibing 
coffee by a mean value of 35-8%. The thiamine con­
tent of blood, determined in some of the subjects in 
the first test, showed a small decrease in response 
to coffee consumption, but there were too few data 
for this result to be considered conclusive. However, 
the findings of this study are interpreted as an indica­
tion that the o-diphenols present in coffee do exert 
an antithiamine effect in man.

COSMETICS. TOILETRIES AND HOUSEHOLD PRODUCTS

3244. The price of a hair bleach

Fisher, A. A. & Dooms-Goossens, A. (1976). 
Persulfate hair bleach reactions: cutaneous and 
respiratory manifestations. Archs Derm. 112, 1407.

Typical generalized urticarial skin reactions to 
ammonium persulphate (AP) have been described in 
hairdressers and their clients (Cited in F C.T. 1964. 
2, 334). There have also been reports of allergic 
contact dermatitis from persulphates among bakers 
exposed to the chemical in "flour correctors’, an 
allergic sensitivity that has been shown to persist in 
some cases for at least 13 years without further 
exposures.

It has now been reported that the varied reactions 
to AP used as a booster for peroxide hair bleaches 
may include contact dermatitis, urticaria, rhinitis, 
asthma and syncope. The authors cited above present 
case histories of four women who were exposed to 
AP hair bleaches. One complained of a tingling and 
burning of the scalp, followed by reddening and 
oedema of the face, generalized urticaria and syncope. 
Patch tests with 2 and 5° 0 AP in water provoked 
no reaction, but 5% AP solution rubbed into the skin 
of her forearm produced an urticarial wheal within 
7 min. In another woman, rhinitis and asthma were 
troublesome only during the hours she worked as a 
hairdresser. A scratch test with 1% AP solution 
produced a local wheal immediately and a mild 
attack of asthma. A third woman who complained 
of burning of the scalp when a bleach was applied 
showed reddening and scaling of scalp and forehead 
skin next day. Patch testing with AP gave no reaction, 
however, and in this instance a primary skin irritation 
was thought to have resulted from too concentrated 
a solution of AP. The fourth woman, who worked 
as a hairdresser, suffered from acute eczematous 
dermatitis of both hands when she handlec AP hair 
bleach. She gave a strong positive patch-test reaction 
to 2% AP solution.

3245. Nitrosamines from dentifrices?

Rao. G. S. & Osborn. J. C. (1977). Reaction of sodium 
nitrate with amino constituents of dentifrices: On 
formation of carcinogenic N-nitrososarcosine. J. dent. 
Res.. 56, 95.

Carcinogenic nitrosamines may be formed in vivo 
as a result of reaction between nitrites and secondary 
amines present in food and drugs (Cited in F.C.T. 
1976, 14, 205). The possibility has now been 
investigated that sodium N-lauroyl sarcosinate (LS), 
used as a detergent and antienzyme agent in 
dentifrices, could give rise to IV-nitroso sarcosine (NS), 
which has previously been shown in induce liver 
carcinomas in mice (ibid 1976, 14, 363) and
oesophageal tumours in rats (Druckrey. Z.
Krebsforsch. 1967, 69, 103).

When 50 mg LS was incubated at 37°C for 1 hr 
with 10 ml 1% sodium nitrite solution at pH 2-3. 
the yield of NS was in the range 2-5—4-2%. LS was 
then given to rats by stomach tube, alone or in 
combination with sodium nitrite (each at dose levels 
of 1 0 0  mg/kg in the form of 1 % aqueous solutions) 
and the rats were killed 1 hr later. However, analysis 
of the stomach contents revealed no detectable NS. 
In contrast, incubation of sarcosine with nitrite in 
vitro yielded 43-7-61-4% NS, and in rats 10-5% of a 
sarcosine dose was converted to NS within 1 hr of 
co-administration with nitrite.

3246. Aftermath of alcalase exposure

Musk. A. W. & Gandevia, B. (1976). Loss of 
pulmonary elastic recoil in workers formerly exposed 
to proteolytic enzyme (alcalase) in the detergent 
industry. Br. J. ind. Med. 33, 158.

Impaired pulmonary function has been described 
in men who had been occupationally exposed to
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relatively high atmospheric levels of a proteolytic 
enzyme during the manufacture of enzyme detergents 
and who had developed signs of toxicity (C i t e d  in

F .  C .T . 1976, 14, 62). The follow-up paper cited above 
indicates that recovery may occur, at least partially, 
after termination of exposure to the enzyme, an 
alcalase derived from B a c i l l u s  s u b t i l i s .

Routine clinical and lung-function tests on 67 
workers whose exposure to alcalase had ceased 3 yr 
before showed that 13 who had been heavily exposed 
still suffered significant loss of pulmonary elastic 
recoil, while 42 who had received only light to 
moderate exposure had no measurable residual 
disability. In the heavily exposed subjects, increased 
lung volume and increased pulmonary compliance 
were detected but no other parameters of lung 
function, including airways resistance, distinguished 
them from the mildly exposed subjects. Symptoms 
reported at the time of exposure had been similar 
in both groups, and both showed similar exercise 
tolerance, skin reactivity to alcalase, and 
trypsin-inhibitor capacity when re-examined after 3 
yr. Complaints of breathlessness were associated with 
measurable airways obstruction but not with 
alterations in elastic recoil. Some subjects appeared 
to have recovered at least partially from the 
impairment of elastic recoil shown at the time of 
exposure.

3247. Odd alkyl sulphate metabolism

Burke, B., Olavesen, A. H., Curtis, C. G. & Powell,
G. M. (1976). The biodegradation of the surfactant 
undecyl sulphate. X e n o b i o t i c a  6 , 667.

The alkyl sulphates used as detergents comprise a 
mixture of compounds of differing chain length. While 
the metabolism of those with an even number of 
carbons in the alkyl chain has been shown to proceed 
by a sequence of w- and /l-oxidation, the metabolism 
of analogous odd-numbered carbon-chain com­
pounds has not been fully investigated, although 
preliminary studies indicated that a>- and /1-oxidation 
were probably again involved ( C i t e d  i n  F . C . T .  1973. 
11, 346). The study cited above provides further 
evidence for this metabolic pathway.

Potassium undecyl [ 3 5 S]sulphate (UDS) was 
administered iv, ip or orally to rats in a dose of 5 
mg/kg. Irrespective of the route of administration, 
most of the radioactivity was excreted in the urine, 
mainly as the ester sulphate (80% of the dose) and 
as inorganic sulphate (1 2 %), indicating that the 
compound was readily absorbed from the 
gastro-intestinal tract.

In male rats with cannulated bile ducts and ureters,

only a small amount (about 12-5%) of the 
iv-administered UDS (5 mg/kg) was detected in the 
bile, whereas in similarly treated females 14-9% of the 
dose was excreted by this route, a finding in 
agreement with previous work ( i b i d  1973, 11, 346). 
On the evidence of electrophoresis, the biliary 
radioactivity was present mainly as unchanged UDS. 
together with minor amounts of inorganic sulphate. 
Less than 50% of the dose was recovered in the urine 
and bile within 6  hr. and at this time 17% was still 
associated with the liver. Confirmation that the 
administered sulphate accumulated in the liver was 
obtained from whole-body autoradiography of rats 
receiving 1 mg UDS per animal ip. Radioactivity 
levels in the liver were highest after 15 min and the 
kidney was the only other organ in which levels of 
radioactivity were higher than in the serum. Previous 
studies in the rat had indicated the importance of 
the liver in the metabolism of the even-numbered- 
carbon alkyl sulphates, but had demonstrated no 
biliary excretion of the ‘even-carbon’ compounds in 
either male or female rats. There was also a more 
rapid rate of excretion of the urinary metabolites than 
was found in the present experiment.

Thin-layer chromatography or electrophoresis 
demonstrated four radioactive metabolites in the 
urine of both free-ranging and cannulated animals 
receiving UDS. One fraction was identified as 
inorganic [ 3 5 S]sulphate and, although the other three 
fractions could not be totally separated, their relative 
proportions were observed to change radically with 
time. The major component, and the last of the three 
to appear in detectable amounts in the urine, was 
identified as propionic acid 3-[3 5 S]sulphate. When 
re-injected iv into the rat, this compound was mainly 
excreted unchanged in the urine, with 1 -6 % being 
converted to the inorganic sulphate. Of the other two 
metabolites, that appearing first in the urine was 
tentatively identified as pentanoic acid 5-[3 5 S]- 
sulphate. It was suggested that this acid could readily 
undergo lactonization with subsequent loss of 
inorganic [ 3 5 S]sulphate.

The observed metabolites indicated that the UDS 
was converted by co-oxidation to a carboxylic acid, 
which then underwent sequential /I-oxidation. The 
presence of the sulphate group did not appear to 
affect the catabolic breakdown of the fatty acid, 
except in the final stage, where chain-shortening was 
limited to the 3-carbon fragment, propionic acid
3-sulphate. While the earlier work on the 
‘even-carbon’ alky! sulphates demonstrated butyric 
acid 4-sulphate as the final metabolite in the rat, steric 
hindrance is possibly less important in other species, 
as glycollic acid 2 -sulphate has been identified in the 
dog and man as a metabolite of hexadecy! sulphate 
(Merits, B i o c h e m .  J .  1975. 148, 219).

METHOD FOR ASSESSING TOXICITY

3248. Eyewash in the rabbit irritancy test

Davies, R. E., Kynoch, S. R. & Liggett. M. P. (1976). 
Eye irritation tests—an assessment of the maximum 
delay time for remedial irrigation. J .  S o c .  c o s m e t .  

C h e m .  27, 301.

It has been suggested that irrigation of the rabbit 
eye after instillation of an irritant might give a result 
more applicable to the human situation and reduce 
the exaggerated response characteristic of this test 
organ. This possibility was investigated in a series of 
tests in which instillation of 0T ml of a 10% aqueous
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solution of sodium iauryl sulphate into the rabbit eye 
was followed after a period varying between 4 and 
1 2 0  sec by irrigation of the treated eye with cither 
20 or 100 ml water at 37 C The eyes were examined 
1 and 4 hr after the instillation and again at intervals 
between 1 and 35 days or until no further reaction 
was visible.

A delay of 20 sec or longer in irrigation resulted 
in corneal opacity or dulling of corneal lustre. A 
similar result was seen when irrigation was delayed 
for up to 2 min. Less severe and less persistent effects 
occurred when the time of exposure to the surfactant 
was less than 20 sec. Exposure for only 4 sec elicited 
no corneal opacity but resulted in dulling of lustre 
in four of 11 eyes. The critical exposure ime before 
corneal damage is elicited by 1 0 % sodium Iauryl 
sulphate can therefore be taken as 4-10 sec. Although 
considerable conjunctival redness was caused by 
expsoure even for only 4 sec. recovery in this respect 
was quicker when the exposure to surfactant was 
shorter. There was no evident advantage in irrigating 
the eye with 1 0 0  ml water instead of 2 0  ml. but in 
relatively untrained hands adequate rinsing may be 
more easily effected by the use of the larger volume 
of water.

3249. Fishing for carcinogens

Stich. H F. & Acton. A. B. (1976). The possible use 
of fish tumors in monitoring for carcinogens in the 
marine environment. Prog. exp. Tumor Res. 20. 44.

High frequencies of skin papillomas nave been 
reported in several fish species. These tumours could 
give an indication of the aquatic systems that are 
most seriously contaminated by carcinogens. The 
authors named above consicer the potential value of 
easily detected skin tumours in bottom-feeding fish 
as a monitoring device for carcinogens. If developed, 
this could present a much simpler method than the 
previously suggested use of mussels (Citea in F.C.T.
1977. 15,497).

According to the paper cited, fish species have been 
shown to develop tumours not only as a result of 
a particular combination of genes but also in response 
to chemical agents, physical factors and viruses. 
Although the tumour pathology of fish and 
experimental fish oncology are relatively new fields 
of study, the fish-tumour system has certain 
advantages. Large numbers of specimens from 
widespread locations can be obtained at relatively low 
cost, tumour incidence reaches epidemic proportions

at times, providing adequate material for chemical or 
viral analysis, and hybrids and back-crosses are 
readily obtainable, permitting detailed genetic 
analysis of neoplastic transformation. Furthermore, 
large-scale experiments can be undertaken in 
hatcheries on an economic basis.

Similar virus-like particles have been observed in 
papillomas of the eel. goby and lemon sole, suggesting 
that these particles have an integral association with 
the neoplasms. The introduction of tissue cultures 
from various species of fish would aid the 
characterization and isolation of such virus-type 
particles.

Comparison of the sensitivity of fish to chemical 
carcinogens with the sensitivity of rodents and man 
must be a first priority if fish studies are to find 
widespread application. There is already much 
evidence that compounds carcinogenic to rodents are 
also carcinogenic to fish, and the DNA repair 
synthesis which indicates strand breakages of the 
DNA molecule is elicited in cultured fish cells by 
concentrations of carcinogens that also induce a 
comparable repair synthesis in cultured human cells. 
Another similarity between cultured fish cells and 
mammalian cells is their capacity to respond to 
dimethylnitrosamine only after its metabolic 
activation. The sensitivities of different species can be 
determined by comparing their capacities to activate 
chemical precarcinogens. Indeed fish-liver prep­
arations are potent activators of DMNA and 
aflatoxin B,. Such studies could be extended to assess 
the sensitivity of various fish species.

The use of bottom-dwelling fish as a built-in 
indicator organism for measuring the integrated effect 
of carcinogens or co-carcinogens is probably the most 
promising application of these ideas. Some flatfish, 
gobies and European eels seem to hold most 
potential, since they have high proportions of 
tumour-bearing fish and are relatively easy to collect 
and screen. That the frequency of tumours can vary 
with location has been demonstrated in lemon sole, 
which were shown to have a much higher tumour 
incidence in an area of urban discharge than in a 
similar but less polluted area.

Some ccmplications of the fish-tumour system 
must be considered before it can provide a useful 
monitoring method. Detailed information will be 
needed on the developmental stage at which tumour 
induction occurs and on the location of the fish at 
this critical period. All tumour frequencies would also 
need to be age-adjusted to avoid the pitfall of simply 
comparing different age distributions within fish 
populations.

BIOCHEMICAL PHARMACOLOGY
3250. Liver enzym e induction and porphyrin synthesis

Ioannides. C. & Parke. D. V. (1976). The effect of 
allyl compounds on hepatic microsomal mixed 
function oxidation and porphvrogenesis. Chemico- 
Biol. Interactions 14. 241.

We have recently reviewed the metabolism and 
hepatocarcinogenicity of safrole (Rostron. FJ Cosmet.

Toxicol. 1977. 15, 645). In the rat. this compound has 
been shown to stimulate the activity of several liver 
microsomal enzymes and to increase the synthesis of 
cytochrome P-450, the terminal component of the 
microsomal e.ectron transport chain, and its 4-pro- 
penyl isomer, isosafrole. similarly increased the 
activity of biphenyl 2- and 4-hydroxylases in the liver 
(Cited in F.C.T. 1971. 9, 294). Barbiturates, in addition 
to being potent inducers of the hepatic mixed-func­
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tion oxidases {¡bid 1971, 9, 304), have been shown 
to increase the rate of prophyrin and haem synthesis 
(Moore et al. Biochem. Pharmac. 1970, 19, 751) and 
to cause hepatic porphyria in animals and man 
(Whittaker & Whitehead, Lancet 1956, i, 543; Eales, 
Anesthesiology 1966, 27, 703). Increased porphyrin 
biosynthesis has also resulted from administration of 
allylisopropyl-acetamide or allobarbital (Moore et al. 
loc. c i t Abritti & De Matteis, Chemico-Biol. Inter­
actions 1971/72, 4, 281). The relationship between 
induction of the mixed-function oxidases and of
5-aminolaevulinate (ALA) synthetase, which controls 
the rate of porphyrin biosynthesis and can thus 
provide the haem required for cytochrome P-450 
synthesis, has now been investigated further.

In rats killed 16 hr after a single sc dose ( 1 0 0  

mg/kg) of safrole, isosafrole or secobarbital, there 
was an increase of 20-40% in ALA-synthetase 
activity, but this was not statistically significant. On 
the other hand, the same dose of alclophenac (4- 
allyloxy-3-chlorophenylacetic acid) or triallyl cyan- 
urate almost doubled ALA-synthetase activity, and

the known porphyrogens allylisopropylacetamide and 
allobarbital caused increases of 160 and 240% re­
spectively. Three daily ip doses (75 mg/kg) of 
alclophenac or triallyl cyanurate produced no sig­
nificant increases in liver weight, microsomal protein, 
cytochromes P-450 and i>5, NADPH-cytochrome c 
reductase, aniline hydroxylase or biphenyl 4 -hy­
droxylase, whereas secobarbital produced a modest 
increase in the concentrations of the cytochromes, 
cytochrome c reductase and biphenyl 4-hydroxylase, 
and allobarbital gave greater increases in these 
and also increased the activity of p-nitrobenzoate 
reductase.

These results suggest that induction of cytochrome 
P-450 is not rate-dependent on the synthesis of haem 
and induction of porphyrin biosynthesis. In the case 
of compounds that induce the hepatic mixed-function 
oxidases but not ALA-synthetase activity, it seems 
that the haem required for the synthesis of 
cytochrome P-450 must be derived from the haem 
pool.

PATHOLOGY

3251. Macromolecular uptake by neonates

Martinsson, K. & Jonsson, L. (1976). The uptake of 
macromolecules in the ileum of piglets after intestinal 
“closure”. Zentbl. VetMed. 23, 277.

The problem of the uptake of macromolecules by 
the mammalian gut has important bearings on 
toxicology (Cited in F.C.T. 1977, 15, 368). The authors 
of the paper cited above have previously described 
the mechanism of absorption of dextran blue (mean 
mol wt 2 x 106), in piglets less than 24 hr old, as 
a process of pinocytosis into the epithelial cells of 
the gut followed by lymphatic transmission, and have 
found that the second stage ceases in older piglets 
(ibid 1977, 15, 87).

The dextran blue dye given by gastric intubation 
to 6 -hr-old piglets was seen to be absorbed into the 
intestinal epithelium and to remain there for 5-7 days 
after the treatment. Almost no marker remained after 
that time. This could possibly have been due to the 
slow release of dye into the general circulation, but 
the colour of the lymph nodes gave no indication

of such a release. It seems more likely that the dye 
remained in the mucosal cells until they were 
extruded into the intestinal lumen. Moon (Proc. Soc. 
exp. Biol. Med. 1971, 137, 151) found that the 
complete replacement time of ileal epithelium in 
newborn piglets was 7-10 days which, considering the 
greater sensitivity of his method, roughly corresponds 
with the present results. In piglets treated when 8  days 
old, dextran blue was partially retained in the mucosa 
of the lower third of the intestine and was evident 
1 day later, but there were considerable individual 
differences. In 10-day-old piglets most of the dye 
disappeared within the 4 days after its administration 
and clearance was complete in 7 days. These results 
are also in broad agreement with those of Moon {loc. 
cit.) who showed that the replacement time of the 
ileal epithelia was much shorter in 3-wk-old than in 
newborn piglets. In 16-day-old piglets some dye 
remained in the mucosa 1 day after treatment but 
in those 2  days older only a very small amount of 
dye was left in the mucosa 1 day after dosing, 
indicating that the absorptive capacity of the ileal 
epithelium is lost at about that age.

CANCER RESEARCH

3252. Urethane carcinogenesis quantified

Schmahl, D., Port, R. & Wahrendorf, J. (1977). A 
dose-response study on urethane carcinogenesis in 
rats and mice. Int. J. Cancer 19, 77

Diethyl pyrocarbonate (DEPC), a preservative for 
wines, beer and soft drinks, reacts with ammonia to 
form urethane, a recognized carcinogen in several 
animal species. DEPC treatment produces a 
significant increase in the ‘natural’ concentration of 
urethane in alcoholic beverages, whilst its use in soft 
drinks increases the urethane content from normally

undetectable leve.s to amounts up to 1 0  ppb 
(b = 109). DEPC is not approved for use in the UK. 
but in West Germany it is a permitted additive for 
soft drinks, although permission for its use in wine 
was rescinded in 1973 and further long-term studies 
were undertaken. These studies have now been 
reported.

Groups of 40 male and 40 female Sprague-Dawley 
rats and NMRI mice were given urethane in their 
drinking-water at levels providing daily doses of 0 , 
100. 500, 2500 and 12,5000 /rg/kg body weight from 
8  wk of age until their spontaneous death, except in 
the case of the last few survivors, which were killed.
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The rats were treated for a maximum of 730 days, 
with the last control animal dying on day 680. The 
mouse experiment lasted 760 days, at which time the 
remaining control animals were killed.

The number of rats with malignant tumours 
exceeded the control incidence in the groups given 
500 ¿rg/kg/day or more and increased steadily with 
dose. An increase in benign tumours occurred at the 
two highest treatment levels. Female rats developed 
more malignant tumours than did males, although 
this may have been a consequence of their longer life. 
Nine of the 15 neoplasms observed at the highest dose 
level were mammary carcinomas, two were vascular 
tumours and two were neurogenic. In the mice, the 
number of animals with malignant and benign 
tumours increased steadily with dose, but there was 
no sex difference in the responses. Considered 
separately, the types of tumour showing a clear 
dose-dependence were lung tumours (adenomas and 
adenocarcinomas), malignant mammary tumours and 
haemangioendotheliomas (mainly in the liver).

Dose-dependence for urethane carcinogenesis was 
demonstrated statistically in both species. A modified 
Mantel-Bryan calculation indicated that doses of 0-7 
and 0-14 /¿g urethane/kg/day. the amounts that would 
be ingested by a 70-kg man drinking 1 litre of liquid 
containing 50 or 10 ppb urethane, would produce a 
risk of cancer in the rat of 22 and 3-2 per 100.000. 
respectively. Analogous figures for the mouse were 
1300 and 470 per 100,000. Although the authors stress 
that the susceptibility of man to urethane 
carcinogenesis has not been conclusively proven, 
similar human-risk factors cannot be discounted. 
They recommend, therefore, that some more 
acceptable alternative should be found to the use of 
DEPC as a preservative for soft drinks.

3253. M utagenicity  o f  m alonaldchyde

Mukai. F. H. & Goldstein. B. D. (1976). Mutagenicity 
of malonaldehyde. a decomposition product of 
peroxidized polyunsaturated fatty acids. Science, N.Y. 
191. 868.

The initiating activity of malonaldehyde as a skin 
carcinogen has been described previously (Cited in 
F.C.T. 1976. 14. 223). This three-carbon dialdehyde 
is formed during both the oxidative decomposition 
of polyunsaturated fatty acids and the metabolism of 
certain carcinogenic hydrocarbons, will cross-link the 
amino groups of DNA and apparently cross-links 
aminolipid following red-cell lipid peroxidation. 
Consideration of these facts has led to speculation 
about the mechanism bv which the breakdown of 
cell-membrane fatty acids might damage genetic 
material. In the study cited above, malonaldehyde 
was examined for mutagenicity by the now-familiar 
Ames test.

Incubation of histidine-requiring auxotrophs of the 
bacterium Salmonella rypkinntriiim with malon-

aldehyde increased the number of revertants in specific 
strains compared with the numbers in control plates. 
The effect was observed only on frameshift mutants 
with normal excision repair, strain sensitivity decreasing 
in the order hisD3052 > hisC207 > hisC3076. None 
of the base-pair substitution mutants tested showed 
any increase in revertant frequency.

The authors compare the observed pattern of 
mutagenic specificity with that of mitomycin C. a 
DNA cross-linking agent. It is thought that mutations 
produced by this antibiotic are due to errors in repair 
occurring as a result of excision repair-induced DNA 
damage. As indicated above, malonaldehyde is also 
a cross-linking agent, and its proclivity to react with 
guanine and cytidine is consistent with the expression 
of frameshift revertants in hisD3052 as a result of 
deletions of GC base-pairs.

3254. M ore studies o f  polycyclic  arom atic  hydrocarbon  
carcinogenesis

Schmidt, K. G.. Schmahl, D„ Misfeld, J. & Timm, 
J. (1976). Experimentelle Untersuchungen zur Syncar- 
cinogenese. 7. Mitteilung: Syncarcinogene Wirkung 
von polycyclischen aromatischen Kohlenwasser- 
stoffen (PAH) in Epicutantest an der Mausehaut. Z. 
Krebsforsch. 87 , 93.

One of the gravest problems in investigating 
carcinogens is the impossibility of separating the 
interacting environmental factors that contribute to 
carcinogenesis in man (Schmahl. Fd Cosmet. Toxicol. 
1977, 15, 475). This paper reports an attempted study 
of the carcinogenicity of mixtures of hydrocarbons 
by their application to mouse skin.

Mixtures of 11 hydrocarbons, comprising the 
recognized carcinogens benzo[u]pyrene, dibenz[a,/t]- 
anthracene, benz[a]anthracene and b e n z o f lu o r ­
anthene. as well as phenanthrene. anthracene, fluor­
anthene. pyrene, chrysene, benzo[e]pyrene and 
benzo[i/./u]perylene. and mixtures of more restricted 
groups of these hydrocarbons, were applied in 
acetone solution to the shaven skin of female NMRI 
mice twice weekly in a life-time study. Some mice 
were treated with the entire mixture of carcinogens 
plus non-carcinogens, mixed in the proportions found 
in tobacco-smoke condensate, in automobile exhaust 
fumes and ir. food-curing smokes, and others with 
the carcinogen or non-carcinogen groups alone. Some 
tumours were induced at the application site by the 
mixtures of supposedly non-carcinogenic hydro­
carbons. No inhibition of the tumour-inducing ability 
of the carcinogenic group was apparent when 
carcinogens and non-carcinogens were applied 
together; rather there appeared to be an additive 
effect. The numbers of animals with tumours were 
dose-related, and the types of tumour, mainly 
squamous-cell carcinomas, were similar in all those 
groups receiving carcinogen treatment, irrespective of 
the inclusion of non-carcinogens in the application.
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LETTER TO THE EDITOR

ABSENCE OF ACTIVITY OF AMARANTH (FD & C RED NO. 2) 
IN THE SALMONELLA/MICROSOME MUTAGENICITY TEST*

Sir,—Many countries have severely curtailed the use of amaranth (the trisodium salt of
3-hydroxy-4[(4-sulpho-l-naphthalenyl)azo]-2,7-naphthalenedisulphonic acid) as a colouring agent for 
foods, because ol a publication by Andrianova (Vop. Pitan. 1970, 2 9  (5), 61) reporting the appearance 
of a wide range of tumours in amaranth-fed rats. It should be noted, however, that there is conflicting 
evidence about this point, as noted in an IARC report (Monographs on the Evaluation of the Carcino­
genic Risk of Chemicals to Man. Vol. 8 . p. 41; International Agency for Research on Cancer, Lyon.
1975). As many pharmaceutical formulations still contain this dye, we thought it worthwhile to 
assay it for mutagenic potency, using the procedure described by Ames et al. (Proc. natn. Acad. 
Sci.. U.S.A. 1973, 7 0 , 2281) and McCann et al. (ibid 1975, 72 , 979).

Amaranth was bought from R.A.L. (Pharmuka, France) or from Merck AG (Darmstadt, Germany). 
Samples were checked for purity by thin-layer chromatography on cellulose plates with ammoniacal 
sodium citrate buffer as solvent, and were free from aromatic amines (Ste Chimique Pointet-Girard, 
personal communication 1977). Both samples migrated as single spots and were indistinguishable 
in subsequent experiments.

Salmonella of strains TA98, TA100 and TA1538 were a gift from Dr. B. N. Ames (Berkeley. 
CA). These strains are histidine-requiring mutants, which can be reverted to prototrophy by different 
chemical mutagens. The procedure used was essentially that described by Ames et al. (Mutation 
Res. 1975, 31 , 347). Briefly, 0T ml of a log-phase bacterial culture was overlaid in 2-5 ml soft 
agar on minimal-medium Petri plates. The top agar contained a limiting amount of histidine and 
biotin, to enable the deficient bacteria to perform a few rounds of replication, in order to allow 
expression of mutagenesis. It also contained, where appropriate, a 9000-g supernatant of a homo­
genate of rat liver induced with Aroclor®. with NADP and glucose 6 -phosphate as cofactors. Control 
plates exhibit a small number of spontaneous revertant colonies, while bacteria exposed to mutagens, 
having overcome the histidine requirement, show up as a numerically dose-dependent population. 
Controls are run in this type of study to check the phenotypic characteristics of the strains as 
well as to establish the spontaneous mutation rate (to be subtracted from plate counts), and positive 
controls using known mutagens are also included. Livers from Sprague-Dawley male rats weighing 
200 ± 20 g were used for the metabolic-activation experiments in the study described here. An ip 
injection of 500 mg Aroclor 1254/kg (a gift from Monsanto Co. St. Louis. MO) in olive oil was 
used to induce hepatic monooxygenases; the rats were killed 5 days later, their livers were removed 
and hepatic microsomes were prepared as described previously (Lesca et al. C.r. hebd. Seanc. Acad. 
Sci.. Pahs 1976 2 8 2 D , 1457).

No significant increase in the number of revertant colonies could be induced by amaranth in 
a dose range of 5 pg-2 mg/plate. (Higher concentrations produced a decrease in the number of 
revertants.) The threshold of significance is taken as twice the number of spontaneous revertants 
(about 20 for TA1538, 30 for TA98. and 140 for TA100). The control mutagens were methyl methane- 
sulphonate for TA100 (with an activity of c. 0-5 revertants/nmol) and 2-nitrofluorene for TA98 
and TA1538 (c. 50 and 40 revertants/nmol). Other controls were set up with benzo[a]pyrene, to 
check the activity of the microsomal preparations. Under the same conditions, we found that 5 /¿g 
benzopyrene/plate gave rise to about 2200 revertants. These experiments were repeated at least 
twice, with and without the rat-liver preparation.

It should be noted that the range of mutagenic potencies in Ames’ test is roughly 10~2-10 + 4  

revertants/nmol (McCann & Ames, Proc. natn. Acad. Sci., U.S.A. 1976, 73, 950). It follows that 
our results are not biased by comparison with inordinately potent mutagens.

Finally, we performed a spectral interaction study of amaranth with liver microsomes from Aro- 
clor-pretreated rats, to ascertain whether such interaction contradicted the bacterial experiments. 
The microsomal cytochrome P-448 content was determined as described by Omura & Sato (J . 
biol. Chem. 1964. 239 , 2379). Difference spectra were recorded in 1-cm cuvettes containing 3 ml 
of a microsomal suspension (0-8 mg protein/ml, 2-4 nmol cytochrome P-448/mg protein) in 50 mM-tris 
HC1, 3 mM-MgCl2 and 200 mM-sucrose buffer. pH 7.5. Upon addition of 10 ;ul of a 2 m M  aqueous 
solution of amaranth to a suspension of oxidized microsomes, no difference spectrum occurred. 
This finding indicates that the product does not interact with the hydrophobic catalytic site of 
cytochrome P-448, and is consistent with the highly hydrophilic character of amaranth, and with

♦R eceived  31 M ay  1977; rev ised  v e rsio n  1 A u gust 1977.
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our results showing a lack of mutagenicity in the presence (or absence) of a monooxygenase-depen- 
dent activation system.

The working group of IARC (loc. cit.) has reviewed ten studies on amaranth tumorigenicity, 
nine of them being negative. However, it has withheld its conclusion, owing to the paucity of data 
given in most of these reports. We are aware that the present results will not settle the debate, 
and only wish to make two comments. First, the Salmonella/microsome test, when applicable, has 
a record of about 90% reliability in the detection of carcinogens (McCann & Ames, loc. cit.) and 
our results support the view that amaranth is a dubious carcinogen, at least when assayed in a 
chemically pure form, a critical point about which no details were given by Andrianova (loc. cit.). 
Secondly, the studies of Roxon et al. (Fd Cosmet. Toxicol. 1967, 5. 367) and Ryan et al. (J. Pharm. 
Pharmac. 1968. 13, 492) show that amaranth undergoes reductive cleavage at the N=N double bond 
through the action of intestinal bacteria. The present work does not eliminate the possibility that 
some reactive intermediate could arise during this reaction and be reabsorbed from the gut into 
the host’s bloodstream. We suggest that a modification of the Salmonella test ought to be devised, 
to assay the formation of mutagenic intermediates during the metabolism of drugs by the intestinal 
flora.

P. Lecointe and P. Lesca.
Laboratoire de Pharmacologie et de 

Toxicologie Fondamentales du CNRS.
205. route de Narbonne.

31078 Toulouse Cedex. France
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ANNOUNCEMENT

INDUSTRIAL TOXICOLOGY TRAINING IN FINLAND

Following two earlier sessions in 1974 and 1977, the Institute of Occupational Health, Helsinki, 
is arranging a third advanced course in industrial toxicology. To be held from 7 to 12 August 
1978 in the Institute’s premises in Haartmaninkatu, Helsinki, this course is being sponsored by 
the Nordic Council of Ministers, and consequently Scandinavian participants will be given some 
priority and financial aid, although a limited number of research workers from other countries 
will be accepted. The course fee will be US $50 for Scandinavian participants and US $250 for 
others, and the deadline for applications is 1 May 1978.

The curriculum is scheduled to cover the following topics: concepts and definitions in industrial 
toxicology, exposure to chemicals via inhalation and skin, metabolism of industrial chemicals, active 
intermediates and tissue damage, chemical carcinogenesis, mutagenesis and teratogenesis, embryo- 
toxic and teratogenic effects of industrial chemicals, metal toxicology and carcinogenicity, occupa­
tional metal exposure, neurotoxic syndromes in man, neurophysiological aspects in acute and chronic 
neurotoxicity, occupational lung and skin diseases, modern toxicity testing and the concept of 
TLV-MAC.

Further details may be obtained from Dr. Harri Vainio, Department of Industrial Hygiene and 
Toxicology, Institute of Occupational Health, Haartmaninkatu 1, SF-00290 Helsinki 29, Finland; 
telephone: 413 622.
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FORTHCOMING PAPERS

It is hoped to publish the following research papers and other communications in the next issue
of Food and Cosmetics Toxicology:

Saccharin: A possible example of an epigenetic carcinogen/mutagen. By J. Ashby. J. A. Styles. D. 
Anderson and D. Paton.

The thermal energy analysis of sodium saccharin. By I. S. Krull, U. Goff. M. Wolf, D. H. Fine 
and G. P. Arsenault.

Effet d’une charge en nitrate sur le nitrite salivaire et gastrique chez l’homme. Par D. Klein. N. 
Gaconnet. B. Poullain et G. Debry.

A sensitive method for the colorimetric determination of volatile nitrosamines in food products 
and air. By L. Ceh and F. Ender.

Early changes of cardiac function in rats on a high-fat diet. By G. Zbinden and B. Rageth.
Glucose tolerance and hyperkinesis. By L. Langseth and J. Dowd.
The suitability of simulants for foodstuffs, cosmetics and pharmaceutical products in migration 

studies. By K. Figge. J. Koch and W. Freytag.
High incidence of hepatic tumours in rats fed mouldy rice contaminated with Aspergillus versicolor 

containing sterigmatocystin. By K. Ohtsubo, M. Saito, H. Kimura and O. Tsuruta.
Effect of dietary indole-3-carbinol on the induction of the mixed-function oxidases of rat tissue. 

By J. G. Babish and G. S. Stoewsand.
On the aetiology of scombroid poisoning: Cadaverine potentiation of histamine toxicity in the 

guinea-pig. By L. F. Bjeldanes. D. E. Schütz and M. M. Morris.
Studies on the absorption and disposition of 3 H-labelled talc in the rat, mouse, guinea-pig and 

rabbit. By J. C. Phillips. P. J. Young. K. Hardy and S. D. Gangolli.
Problems involved in and a comparison of methods for the determination of total migration from 

packaging materials into fatty foods. By K. Figge. D. Cmelka and J. Koch. (Review paper)
Contribution a l’étude de la méthodologie d'évaluation de la toxicité cutanée. I. Toxicité percutanée 

—tests d'irritation. Par H. Dutertre-Catella. Nguyen Phu-lich. R. Truhaut et G. K. Dossou. 
(Review paper)
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CORRIGENDUM

Volume 15 (1977)
p. 492. line 2: For Schaumberg read Schaumburg.
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Instructions to Authors
General. A u th o r s  f ro m  th e  U n i te d  K in g d o m  s h o u ld  s e n d  Original Papers and Reviews to  th e  A s s is ta n t  
E d ito r .  A ll o th e r  p a p e r s  a n d  rev iew s s h o u ld  b e  s e n t t o  th e  a p p r o p r ia te  R e g io n a l E d ito r .  A ll ‘L e tte r s  t o  th e  
E d i to r ’ s h o u ld  b e  se n t to  th e  E d ito r  a n d  m u s t b e  s ig n e d  b e fo re  th e y  c a n  b e  c o n s id e re d  fo r  p u b l ic a t io n .

S u b m is s io n  o f  a  p a p e r  to  th e  E d ito r  w ill b e  h e ld  to  im p ly  th a t  it r e p o r ts  u n p u b lis h e d  o r ig in a l  re s e a rc h , 
th a t  it is n o t  u n d e r  c o n s id e ra t io n  fo r  p u b l ic a t io n  e lse w h e re  a n d  th a t  i f  a c c e p te d  f o r  th e  J o u r n a l ,  Food and 
Cosmetics Toxicology, it w ill n o t  b e  p u b lis h e d  a g a in , e i th e r  in  E n g lish  o r  in  a n y  o th e r  la n g u a g e , w ith o u t  th e  
c o n s e n t  o f  th e  E d ito r .

Forms of Papers Submitted for Publication. P a p e r s  s h o u ld  b e  h e a d e d  w ith  th e  t i t le  o f  th e  p a p e r ,  th e  s u rn a m e s  
a n d  in it ia ls  o f  th e  a u th o r s  a n d  th e  n a m e s  a n d  a d d re s s e s  o f  th e  in s t i tu t io n s  w h e re  th e  w o rk  w as  d o n e . A  
s h o r te n e d  v e rs io n  o f  th e  t i t le  n o t  ex c e e d in g  45  le t te r s  a n d  sp a c e s , to  se rv e  a s  a  ru n n in g  t i t le , s h o u ld  b e  
su p p lie d .

In  g e n e ra l  th e  te x t s h o u ld  b e  s u b d iv id e d  a s  fo llo w s : (a )  S u m m a ry :  b r ie f  a n d  s e lf -c o n ta in e d , n o t  ex c e e d in g  
3 %  o f  le n g th  o f  p a p e r  (b ) I n t r o d u c to r y  p a r a g r a p h s  (c) E x p e r im e n ta l  (d ) R e s u lts , p re s e n te d  a s  c o n c is e ly  a s  
p o ss ib le  (e) D is c u s s io n  ( if  a n y )  a n d  g e n e ra l  c o n c lu s io n s  ( f )  A c k n o w le d g e m e n ts  a n d  (g ) R e fe re n c e s . E a c h  s u b ­
d iv is io n  s h o u ld  c o m m e n c e  o n  a  s e p a ra te  sh e e t. M a n u s c r ip ts  s h o u ld  b e  ty p e w r i t te n  o n  one side of the paper 
a n d  double spaced. A t le a s t two copies s h o u ld  b e  s u p p l ie d  (o n e  o r ig in a l  a n d  o n e , o r  p re fe ra b ly  tw o , c a r b o n  
c o p ie s ) . P a p e r s  w ill b e  a c c e p te d  in  E n g lis h , F re n c h  a n d  G e rm a n .
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