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T w en ty -o n e  3-ary loxy  o r  3 -a lk o x y -2 -h y d ro x y -n -p ro p y l deriva tives o f  
n o rp e th id in e  w ere  tes ted  su b c u tan e o u s ly  fo r  an alg es ic  ac tiv ity  in  m ice. 
M a n y  o f  th em  a re  m o re  p o te n t  th a n  p e th id in e . T h e  2-hydroxy-3- 
p h en o x y p ro p y l d e riv a tiv e  (B .D .H . 200) is a t  lea s t th ree  tim es m o re  
active  th a n  m o rp h in e  a n d  ten  tim es m o re  active  th a n  p e th id in e  in  th is  
species w ith  a  th e ra p eu tic  in d ex  sligh tly  b e tte r  th a n  m o rp h in e  a n d  very 
m u ch  b e tte r  th a n  p e th id in e . T h e  d u ra tio n  o f  an alg es ia  is s im ila r 
to  m o rp h in e  a n d  p e th id in e  a n d  it is less c o n s tip a tin g  th a n  p e th id in e .
I ts  effects o n  re sp ira tio n  a n d  th e  c a rd io v ascu la r  system s are  
c o u n te ra c te d  by  n a lo rp h in e . T h e  d ecrease  in  ac tiv ity  a f te r  o ra l 
a d m in is tra tio n  is p ro b a b ly  d u e  to  a  m o re  ra p id  m etab o lic  b re a k d o w n  
th a n  p o o r  a b so rp tio n , as th is  decrease  in  activ ity  c an  b e  m od ified  by  
p re tre a tm e n t w ith  ip ro n ia z id  a n d  B A L  w hile  su b c u tan e o u s  a d m in is tra 
t io n  is u n affec ted .

So m e  3-aryloxy-2-hydroxypropylamines with weak analgesic properties 
were described by Beasley, Petrow and Stephenson1 and having the 
general formula (I) where Ar =  phenyl or substitued phenyl, and R 
an alkyl or dialkyl amino group.

A r O .C H 2-C H -C H 2- R  /— . .— .
| R  =  - N  > R  =  - N  >

O H  /  N— F
CD ( I I)  (H I)

The analgesic activity was increased by replacing the amino group by 
cyclic structures such as piperidine (II), pyrrolidine and morpholine. 
The replacement of the piperidine group by A3-piperideine (III), further 
enhanced the analgesic activity2, and led to the synthesis of A-(2-hydroxy-
3-o-toloxypropyl)-A3 piperideine (Tolpronine) whose pharmacological 
properties were described by David, Leith-Ross and Vallance3.

The study of the analgesic properties of structures related to (II) was 
further extended by preparing the 4-ethoxycarbonyl-4-phenyl derivatives
(IV) of V-(3-aryloxy-2-hydroxypropyl)piperidine4.

These compounds are analogues of pethidine being substituted deriva- 
tifes of norpethidine where the V-methyl group has been substituted by the 
iV-aryloxyhydroxypropyl group.
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Since the discovery, by Schaumann5, of the analgesic properties of the
4-ethoxycarbonyl-4-phenyl-iV-alkyl piperidines, A-methyl substitution has 
been regarded as essential for the analgesic activity in the pethidine 
molecule6' 8.

Some doubts on the validity of this conclusion have recently been 
raised by the discovery that some /V-aralkyl analogues of pethidine show 
an analgesic activity superior to that of pethidine itself8-15, as do the N -  
morpholinoethyl analogue16’17, and the IV-2-(2-hydroxyethoxy)ethyl 
analogue18. The results obtained with the (V-aryloxyhydroxypropyl 
analogues of pethidine and particularly with 4-ethoxycarbonyl-l-(2- 
hydroxy-3-phenoxypropyl) 4-phenylpiperidine (B.D.H. 200) provide

P h - 0 - C H 2-C H -C H 2-N
I

O H
C O O Et

further support for the view that A-methyl substitution in the pethidine 
molecule is not the best for analgesic activity. In the following experiments 
B.D.H. 200 was used as the hydrochloride or hypophosphite.

P h y s ic a l  P r o p e r t i e s

The hydrochloride of B.D.H. 200 is a white crystalline compound with 
a molecular weight of 419-7. It has a melting point of 174-2—175°. It is 
sparingly soluble in water 0-5 per cent at 25°. A 0-1 per cent solution at
21-5° has a pH of 5-49.

B.D.H. 200 hypophosphite is a white crystalline compound with a 
molecular weight of 449-3. It has a melting point of 115-5-116-5°. It is 
soluble 4-9 per cent in water at 22°. A 1 per cent solution at 20° has 
a pH of 3-93.

M e t h o d s

A n a lg e s i c  A c t i v i t y  in  M i c e

The subcutaneous and oral analgesic activities were estimated in male 
albino mice, weighing between 15 and 20 g., using Haffner’s method as 
described by Bianchi and Franceschini19. The animals were fasted over
night before the oral tests but in the subcutaneous experiments were 
allowed free access to food and water. The sensitivity of each mouse was 
determined immediately before administration by placing a bulldog artery 
clip covered with catheter tubing to the base of the ta il; only those mice 
making continuous attempts to remove the clip within 15 seconds were 
included in the experiments. The hydrochloride and hypophosphite were 
given in aqueous solutions, the volumes being adjusted to 0-5 ml./20g. 
weight. At 30, 60 and 90 minutes after administration the clip was applied 
to each mouse in turn. A positive analgesic response was recorded if no 
attempt was made to remove the clip at any one of the three observation
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ANALGESIC PROPERTIES OF DERIVATIVES OF NORPETHIDINE

times. The ED50 and the activity ratios with fiducial limits (P =  0-05) 
were calculated using Litchfield and Wilcoxon’s method20.

D u r a t io n  o f  A n a lg e s i c  A c t i o n  in  M i c e

This was estimated in sensitive male albino mice after subcutaneous or 
oral administration of a single submaximal analgesic dose. Tests for 
analgesia were made as before at 15 or 30 minute intervals for as long as 
analgesia was present. The duration of analgesic effect, the ET50, 
and the activity ratio, with fiducial limits (P =  0-05), were calculated 
according to Litchfield21. The compounds were given as aqueous solu
tions, the volumes being adjusted to 0-5 ml./20 g. weight.

A n a lg e s i c  A c t i v i t y  in  R a t s

This was investigated to confirm that the analgesic activity of B.D.H. 200 
hydrochloride was not confined to mice. Analgesia was tested using a 
thermal stimulus22, 600 W, 165 V, 3-6 A applied from 1 to \ \  inches from 
the base of the tail, previously blackened with indian ink, for not more 
than 6 seconds.

The individual reaction time, that is the time taken for each animal to 
remove its tail from the region of the stimulus, was recorded by means of 
a stop watch. A period of training was carried out twice a day for 2 days 
before and once on the day of the experiment. Insensitive or hyper
sensitive rats were not used. Doses were administered subcutaneously 
and all volumes adjusted to 0-5 ml./200 g. weight. The thermal stimulus 
was applied at 30, 60 and 90 minutes following administration and those 
rats showing an increase of 2 seconds or more over their normal reaction 
time were regarded as showing analgesia.

A c u t e  T o x i c i t y

The subcutaneous and oral toxicities were estimated in male albino 
mice weighing between 15 and 20 g. each. The LD50, calculated from 
the seven days mortalities, the toxicity ratios, and their fiducial limits 
(P =  0-05), were estimated according to Litchfield and Wilcoxon’s 
method20.

The compounds were administered in distilled water and all volumes 
were adjusted to 0-5 ml.,'20 g. weight.

E f f e c t  o n  B lo o d  P r e s s u r e  a n d  R e s p i r a t io n

The effects on blood pressure and respiration were determined in male 
rabbits weighing between 2-4 and 3 kg. and in male cats weighing between 
2-4 and 4-3 kg.

The rabbits were anaesthetised with 2 g./kg. of urethane subcutaneously 
and the cats with 500 mg./kg. of urethane plus 50 mg./kg. of chloralose 
given intraperitoneally. The carotid blood pressure was recorded by 
means of a mercury manometer, and respiratory movements by means 
of a lever attached to a rubber tambour connected by a side arm directly 
to the trachea.

B.D.H. 200 was given subcutaneously to rabbits in 0-5 ml./kg. of normal 
saline and in cats through the cannulated femoral vein. The rabbits were
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observed for 3 hours after administration and the percentage variation in 
respiration estimated at intervals. The cats were used chiefly in the 
experiments designed to estimate the antagonistic effect of nalorphine 
and B.D.H. 200.

T A B LE I
The subcutaneous ED 50, LD 50, with fiducial limits (P =  0-05), and  therapeutic 

INDICES IN MICE OF MORPHINE, PETHIDINE AND B .D .H . 200

CAMILLO BLANCHI AND ALAN DAVID

Compound
No. of 
mice ED 50 mg./kg.

No; of 
mice LD 50 mg./kg.

Therapeutic
index

Morphine 295 5-80 160 505-0 87-0
hydrochloride (4-83-6-96) (459-0-555-5)

Pethidine 80 17-00 50 130-0 7-6
hydrochloride (11-48-25-16) (97-7-172-9)

B.D.H. 200 300 1-38 70 145-0 105-0
hydrochloride (1-16-1-62) (117-9-178-3)

B.D.H. 200 2 0 0 1-70 80 150-0 88 -2
hypophosphite (1-33-2-16) (127 1-177 0)

C o n s t ip a t in g  E f f e c t

This was investigated by Lou’s method23 in unfasted mice weighing 
approximately 20 g. each. Groups of nine or ten mice were given three 
doses of B.D.H. 200 or pethidine hydrochloride subcutaneously and

Fio . 1. T he subcutaneous analgesic activity  o f  m orphine X, 
peth id ine •  and  B .D .H . 200 O  in mice.
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15 minutes later placed in separate compartments over a wire grid and 
faeces collected on blotting paper. The number of faecal pellets was 
counted at 8 and 24 hours and the mean number recorded. The mice 
were allowed free access to a paste of Rat Diet 41 and water.

ANALGESIC PROPERTIES OF DERIVATIVES OF NORPETHIDINE

R e s u l t s

T o x i c i t y  a n d  A n a lg e s i c  P r o p e r t ie s

The subcutaneous toxicities, analgesic activities and therapeutic 
indices in male albino mice of morphine hydrochloride, pethidine hydro
chloride, and the hydrochloride and hypophosphite of B.D.H. 200 are 
recorded in Table I.

The percentages of mice insensitive to the pressure stimulus after the 
administration of morphine, pethidine and B.D.H. 200 were converted

T A B LE II
T h e  s u b c u t a n e o u s  a n a l g e s i c  a n d  t o x i c i t y  r a t i o s  o f  B .D .H . 200, p e t h i d i n e  a n d

M O R P H IN E  IN  M ICE

C om pound

Analgesic
ra tio

(fiducial lim its 
P  =  0-05)

A cute toxicity 
ra tio

(fiducial lim its 
P  =  0-05)

P eth id in e : M orphine 0-34 3-88
(0-22-0-53) (2-87-5-24)

B .D .H . 200 H C I: M orphine 4-20 3-48
(3-28-5-37) (2-78-4-35)

B .D .H . 200 h y p o p h o s : 3-41 3-36
M orphine. (2-52-4-60) (2-77-4-06)

B .D .H . 200 H C I: Pethidine 12-31 0-89
(7-94-19-08) (0-62-1-26)

B .D .H . 200hvpophos: 10-00 0-86
Pethidine (6-25-16-00) (0-61-1-20)

B .D .H . 200 hypop h o s:B .D .H . 0-81 0-96
200 HCI (0-62-1-04) (0-74-1-25)

T A B LE III
T h e  o r a l  ED 50, L D 50 a n d  r e l a t i v e  a c t i v i t i e s  w i t h  f i d u c i a l  l i m i t s  (P  =  0 05) 

o f  p e t h i d i n e  a n d  B .D .H . 200 h y d r o c h l o r i d e  i n  m i c e

C om pound
N o. o f  
mice E D  50 mg./kg.

N o. o f  
mice L D  50 mg./kg.

Relative
activity

Pethidine 80 27-00 30 230-0 1
hydrochloride (20-00-36-45) (178-1-296-7)

B .D .H . 200 100 48-00 40 419-0 0-56
hydrochloride (30-96-74-40) (335*2-523-7) (0-32-0-S5)

Pethidine 50 28-00 — _ 1
hydrochloride (19-31-40-60) — —

B .D .H . 200 50 53-00 — — 0-52
hydrochloride (36-55-76-85) (0-30-0-87)

into probits and plotted against log dose in Figure 1. The responses to 
the hydrochloride and hypophosphite were similar and therefore the 
latter was not plotted. The regression lines do not deviate significantly 
from parallelism and the activity ratios were estimated. The subcutaneous 
activity and toxicity ratios are recorded in Table II.

In this species, B.D.H. 200 is at least three times more active than 
morphine hydrochloride and ten times more active than pethidine hydro
chloride. It is approximately three times more acutely toxic than
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F i g . 2. The oral analgesic activity o f pethidine •  and 
B .D .H . 200 Q  in mice.

morphine and has a similar toxicity to pethidine. Its therapeutic index 
is slightly better than morphine and much better than pethidine.

B.D.H. 200 also possesses oral analgesic properties in mice but there 
is a reduction in activity compared to subcutaneous administration. 
Table III and Figure 2 record the oral toxicity, the analgesic activity and 
ratio with pethidine hydrochloride.

TA B LE IV
T h e  d u r a t i o n  o f  a n a l g e s i a  (ET50) i n  m i c e  a f t e r  s u b c u t a n e o u s  o r  

O R A L  A D M IN IST R A T IO N  O F M O R P H IN E , P E T H ID IN E  A N D  B .D .H . 200

C om pound R oute
D ose

mg./kg.

N o. show ing analgesia a t intervals (min.) ET  50* min. 
(limits 

P  =  0 0 5 )

Signifi
cance

o f
difference 
P =  0*0515 30 60 90 120 150 180

M orphine Subcut. 12-5 22/25 21/25 15/25 6/25 4/25 0/25 1000
hydrochloride (86*9-115 0) N one
B .D .H . 200 Subcut. 2-75 20/25 17/25 10/25 7/25 5/25 0/25 95-0
hydrochloride (81*2—111 -1)

P ethidine Subcut. 3 5 0 21/25 10/25 3/25 0/25 0/25 0/25 5 9 0
hydrochloride (50*0-69*6) N one
B .D .H . 200 Subcut. 3-5 23/25 16/25 7/25 3/25 1/25 0/25 73
hydrochloride (61*8-86*1)

15 30 45 60 75 90 120

Pethidine O rally 4 0 0 10/10 7/10 5/10 2/10 1/10 1/10 0/10 37*0
hydrochloride (26*4-51-8) N one
B .D .H . 200 O rally 80-0 10/10 8/10 5/10 4/10 2/10 1/Í0 0/10 47*0
hydrochloride (34*0-64*8)

* C alculated only from  those show ing analgesia.
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The analgesic ratio of oral to subcutaneous administration is 1-6 for 
pethidine and 36-6 for B.D.H. 200. The toxicity ratio of oral and sub
cutaneous administration is 1-8 for pethidine and 2-9 for B.D.H. 200. 
The mean durations of analgesia of subcutaneous equi-effective doses of 
B.D.H. 200, morphine and pethidine are similar, but the dose of B.D.H.

TA B LE V
T h e  n u m b e r  o f  r a t s  d e v e l o p i n g  a n a l g e s i a  a t  in t e r v a l s  f o l l o w i n g  s u b c u t a n e o u s  

ADMINISTRATION OF B .D .H . 200 HYDROCHLORIDE AND PETHIDINE 
HYDROCHLORIDE

ANALGESIC PROPERTIES OF DERIVATIVES OF NORPETHIDINE

C om pound
D ose

m g./kg.

N o . developing analgesia a t intervals 
(m inutes)

30 60 90

B .D .H . 200 0-5 2/4 1/4 0/4
hydrochloride 10 3/4 2/4 0/4

2-0 4/4 4/4 0/4

Pethidine 5*0 0/4 0/4 1/4
hydrochloride 100 0/4 0/4 0/4

2 0 0 0/4 0/4 1/4

Controls — 0/4 0/4 0/4

200 is only one-quarter that of morphine and one-tenth that of pethidine. 
After oral administration of equi-effective doses of pethidine and B.D.H. 
200 the durations of analgesia are similar but the dose of B.D.H. 200 was 
twice that of pethidine. Table IV records the results.

A n a lg e s i c  E f f e c t  in  R a t s

The analgesic response in rats after subcutaneous injection of B.D.H. 
200 and pethidine hydrochloride are recorded in Table V. These results 
demonstrate that B.D.H. 200 possesses analgesic properties in rats and is 
much more active than pethidine hydrochloride by the method used.

F ig . 3. The variations per cent in resp iration  o f rabb its given 0-5 mg./ 
kg. o f B .D .H . 200 o r 0-5 m l./kg. o f norm al saline.

E f f e c t  o n  B lo o d  P r e s s u r e  a n d  R e s p i r a t io n

B.D.H. 200 causes respiratory depression in rabbits after subcutaneous 
administration with no apparent effect on blood pressure compared to 
controls. Figure 3 records the mean per cent variation in respiration in 
two groups of three rabbits after subcutaneous injection of 0-5 mg./kg. of 
B.D.H. 200 and control rabbits given a similar volume of normal saline.
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In cats the intravenous administration of 0-5 mg./kg. causes a rapid 
respiratory depression with a concomitant fall in blood pressure. These 
effects were, however, reversed by intravenous injection of 3 mg./kg. of 
nalorphine. Figure 4 records the results.

C o n s t ip a t in g  E f f e c t

At analgesic doses B.D.H. 200 has no constipating effect in mice, for 
example at 4 mg./kg., which is three times its subcutaneous ED50, there is

CAMILLO BIANCHI AND ALAN DAVID

A  B

F ig. 4. Cat. Urethane and chloralose anaesthesia.
R espiration  and caro tid  b lood  pressure record.
T im e =  30 sec. Line above, zero o f m ercury m an
om eter. A t A, B .D .H . 200, 0-5 m g./kg. i .v . ; a t B, 
nalorphine, 3 0 m g./kg. i.v.

T A B LE VI
T h e  e f f e c t  o f  B .D .H . 2 0 0  and p e t h i d i n e  g i v e n  s u b c u t a n e o u s l y  to m i c e  on t h e  

NUMBER OF FAECAL PELLETS PASSED IN 24 HOURS

D ose
m g./kg.

M ean no. o f  faecal pellets

C om pound 0-8 H ours 8-24 H ours

B .D .H . 200 hydrochloride . . 4 14 66
13 8 58
40 3 39

120 1 19

P ethidine hydrochloride 4 13 64
13 17 59
40 10 54

120 4 51

Controls — 15 66

no difference between the treated and control animals. Table VI records 
the results after various doses of B.D.H. 200 and pethidine. On a weight 
for weight basis B.D.H. 200 is more constipating than pethidine but in 
terms of equi-effective analgesic doses it is probably less constipating.
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T A B LE VII

T h e  r e l a t i v e  s u b c u t a n e o u s  a n a l g e s i c  a c t i v i t i e s  i n  m i c e  o f

T W E N T Y -O N E  A N A L O G U E S  OF P E T H ID IN E

m s m  t jb p h I i h m
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C A M IL L O  B IA N C H I A N D  A L A N  D A V ID  

A n a lo g u e s  o f  B . D . H .  200
In addition, a number of analogues of B.D.H. 200 were examined and 

are recorded in Table VII.
D iscussion

The analgesic activities of several V-(2-hydroxy-3-phenoxypropyl) 
derivatives of norpethidine confirm recent studies that a methyl substitution 
on the iV-group of norpethidine does not necessarily give the best analgesic 
activity in animals. Table VII shows that many derivatives are more 
potent than pethidine in mice ; for example, B.D.H. 200 is twelve times 
more active than pethidine.

We have no direct evidence of the importance of the carbon chain length 
or of the ether link in the V-arylalkyl chain for the activity of B.D.H. 200. 
It is also difficult to draw valid comparisons from the results of other

TA B LE V III
T h e  r e l a t i v e  a n a l g e s i c  a c t i v i t y  o f  B .D .H . 200 a n d  o f  t h e  v -p h e n o x y p r o p y l  
ANALOGUE OF PETHIDINE (B .D .H . 3022) IN  MICE AFTER SUBCUTANEOUS ADMINISTRATION

C om pound
N um ber 
o f  mice

R elative analgesic activity 
(fiducial lim its P  — 0 05)

Pethidine 90 1-00
B .D .H . 200 . . 90 15-71 (9-88-24-97)
B .D .H . 3022 . . 90 6-87 (4-40-10-71)

TA B LE IX
O r a l  a n d  s u b c u t a n e o u s  a n a l g e s ic  a c t i v i t y  o f  B .D .H . 200 a n d  p e t h i d i n e  in  
MICE PRETREATED W ITH  IPRONIAZID 100 M G ./K G . I .P . OR BA L 40 M G ./K G . I .P . INJECTED 

60 MINUTES BEFORE ADMINISTRATION

C om pound P retreatm en t
O ral ED 50 

mg./kg.

Subcutaneous
ED50

m g./kg.

B .D .H . 200 . . __ 49-51 1-46
B .D .H . 200 . . Iproniazid 14-21 1-43
B .D .H . 200 . . BAL 75 00 1-96
Pethidine — 29-75 18-38
Pethidine Iproniazid 27-10 16-51
Pethidine BAL 74-36 9-19

workers with other series using different techniques. However, Elpern, 
Gardner and Grumbach12 and Grumbach13 found in rats that the N -  
phenylpropyl derivative of norpethidine was 10 times more active than 
the (V-phenylethyl derivative, and that the iV-phenoxypropyl derivative 
was slightly less active than the corresponding (V-phenylpropyl derivative. 
Moreover the (V-phenoxyethyl derivative of norpethidine is only three 
times more active than the TV-phenylethyl derivative. Winter, Orahovats 
and Lehman24, who examined in rats many ^-analogues of morphine 
synthetised by Clark, Pessolano, Weyland and Pfister25, found that the 
A'-phenylcthyl derivative of normorphine is six times more active than 
morphine and that the (V-phenoxyethyl derivative is inactive.

These studies indicate that the length of the carbon chain may be more 
important for analgesic activity than the presence of an oxygen ether 
linkage whether in a ring system or not.
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We know that the presence of the 2-hydroxy group in the B.D.H. 200 
molecule is important for its analgesic properties. The relative sub
cutaneous activities of B.D.H. 200 and B.D.H. 3022, the phenoxypropyl 
analogue, to pethidine are recorded in Table VIII where B.D.H. 200 is 
more than twice as active as B.D.H. 3022.

The thirty-six fold fall in analgesic activity of B.D.H. 200 from sub
cutaneous to oral administration in mice cannot be explained entirely by 
poor alimentary absorption as the corresponding fall in toxicity is less than 
three. In contrast the decrease in toxicity and analgesic activity of pethidine 
from subcutaneous to oral administration is similar, the oral LD50 and 
ED50 values being approximately two-thirds of the subcutaneous values.

A marked decrease in analgesic activity after oral compared to sub
cutaneous administration10’15 has been reported by others. With the 
TV-phenylethyl and the V-2-hydroxy-2-phenylethyl analogues of nor- 
pethidine, the decrease in oral activity is about the same as B.D.H. 20010.

The marked decrease in activity of B.D.H. 200 on oral administration 
compared to pethidine can possibly be explained by differences in meta
bolism. Table IX demonstrates an increase in oral analgesic activity of 
B.D.H. 200 in mice after pre-treatment with iproniazid and a decrease 
after pre-treatment with BAL. Neither of these compounds modified the 
responses to subcutaneous administration.

After this work had been completed the following papers dealing with 
the analgesic activity of norpethidine derivatives were published. Janssen 
and Eddy, / .  m e d . p h a r m .  C h e m ., 1960, 2, 31. Blair and Stephenson, 
B r i t .  J .  P h a r m a c o l . ,  1960, 15, 247. Lister, ib id ., 1960, 15, 254.
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A series of S-alkyl-W phenylthiuronium picrates, styphnates and 
picrolonates has been prepared and the melting points determined.
By use of these derivatives it is possible to identify any of the lower 
primary and secondary alkyl halides examined. This has not pre
viously been possible with S-alkylthiuronium salts. The reaction 
between tertiary alkyl halides and thiourea has been re-examined.

P r im a r y  a n d  S e c o n d a r y  A l k y l  H a l id e s

S-Alkylthiuronium picrates are well known as derivatives for character
ising primary and secondary alkyl halides1’2. However, it was pointed 
out by Schotte3 that the usefulness of these derivatives is limited by the 
fact that derivatives of different homologues have the same or similar 
melting points. In an attempt to improve the analytical usefulness of the 
reaction, Schotte3 prepared the 5-alkylthiuronium styphnates of many of 
the lower primary and secondary alkyl halides. While the combination of 
melting points of the picrate and the styphnate increased the usefulness 
of the method, it did not permit unambiguous indentification of alkyl 
halides (Table I). Schotte3 also examined 2,4-dinitrophenol and 2,4- 
dinitroresorcinol, but reported that they did not form crystalline salts 
with 5-alkylthiuronium halides. Other acidic precipitating reagents 
which have been examined4 are picrolonic acid, 3,5-dinitrobenzoic acid, 
p-toluenesulphonic acid, perchloric acid, oxalic acid and nitric acid. 
Jurecek6 selected 3,5-dinitrobenzoic acid as the most satisfactory and he 
reported the melting points of a series of 5-alkylthiuronium 3,5-dinitro- 
benzoates. But the situation is not completely satisfactory (Table I).

We have now examined 3-nitrobenzoic acid, hexanitrodiphenylamine, 
flavionic acid, two sulphonic acids of fairly high molecular weight, R acid 
and H acid, and ammonium reineckate, as well as the acids listed above. 
From this work picric acid, styphnic acid and picrolonic acid were selected 
as the best precipitating agents. (For a detailed discussion of each pre
cipitating agent see Baker5). A series of S-alkylthiuronium picrolonates 
was prepared and the melting points determined (Table I), in the vain 
hope that a combination of the melting points of 5-alkylthiuronium picrate, 
styphnate and picrolonate would allow unambiguous identification.

A second method by which the general reaction may be modified is to 
replace the thiourea by a thiourea substituted on the nitrogen and deter
mine the melting points of their picrates, styphnates and picrolonates. 
iV-Phenylthiourea, A-ethylthiourea, 1,3-diphenylthiourea and 1,3-di-n- 
butylthiourea have been examined for their suitability for characterising 
alkyl halides. Both the disubstituted thioureas and A-ethylthiourca 
yielded thiuronium derivatives which had low melting points; several of
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the picrates and styphnates were oils which could not be induced to 
crystallise. iV-Phenylthiourea condensed smoothly with alkyl halides 
and produced S-alkyl-lV-phenylthiouronium salts whose picrates, styph
nates and picrolonates were readily crystallisable and had sharp melting 
points. The melting points were scattered over a wide range of tempera
ture (Table II) and in every example derivatives were obtained by which it 
is possible to identify an alkyl halide without ambiguity. It has been 
reported2 that IV-phenylthiourea does not react with branched chain 
alkyl halides ; this has now been shown to be incorrect.

T A B LE I
M e l t i n g  p o i n t s  of S - a l k y l t h i u r o n i u m  p i c r a t e s , s t y p h n a t e s ,  p i c r o l o n a t e s  a n d  
3 , 5 - d i n i t r o b e n z o a t e s . T h e  S - a l k y l t h i u r o n i u m  p i c r o l o n a t e s  w e r e  p r e p a r e d

BY THE AUTHORS

Melting point °C
R adical P icra te S typhnate P icro lonate 3,5-D initrobenzoate

M ethyl . . 224s 2263 (decom p.) 243 205-2068
Ethyl 188 179 224 118
n -P ro p y l. . 177 161 221 176
Isopropyl 196 187 212 184
n-Butyl . . 177 164 197 (decom p.) 169
Isobuty l . . 167 150 127 158
s-Butyl . . 166 163 184 176
n-Pentyl . . 155 147 200 156
Iso p en ty l. . 173 159 225 —
2-Pentyl , . 155 112 174 —
3-Pentyl . . 159 114 177 —
n-Hexyl . . 157 153 190 —
Isohexyl . . 147 144 — —
H eptyl . . 143 144 191 157-158
O ctyl 134 122 191-195 —
Allyl 155 154 209 163
Benzyl 187 190 217 174-175
p-N itrobenzyl 205 166 218-219 (decom p.) -—
Cetyl 1371 — — •—
Ethylene . . 260 •— —. —

(26711 decom p.) — — —■
Trim ethylene 229 — — ■—1
1-Phenylethyl 167 —• — —
Phenylethyl 139 — — —
o-Brom obenzyl . . 222 — — •—•
m -B rom obenzyl. . 205 — — •—
p-B rom obenzyl . . 219 — —1 1—
o-Chlorobenzyl .. 213 —• — —
m -C hlorobenzyl. . 200 — — —•
p-C hlorobenzyl . . 194 — — —
2-O ctyl . . 13114 — — —
N onyl 131 — ■— 144
D ecyl 137 — 188 145-146
D odecyl . . 139 ■—• — 143
2-H ydroxyethyl . . 155-156 — — —
Pentam ethylene 247 — — —
H exam ethylene . . 208 — — —
O ctam ethylene . . 214 — —■ —.
N onam ethylene . . 193

Both the nature of the halide and of the alkyl radical influence the time 
required for any particular alkyl halide to react with thiourea and different 
times of reaction have been recommended for chlorides, bromides and 
iodides1-3. To rationalise the method, a number of solvents and con
ditions have been investigated. Ethanol (absolute, 95 and 50 per cent) 
and acetone (80 and 50 per cent) were used for refluxing times varying 
from 5 minutes to 3 hours. Thiourea and IV-phenylthiourea were found 
to react with all primary and secondary alkyl bromides and iodides 
examined when they were refluxed with any alkyl bromide or iodide in
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ethanol (50 per cent) for 1 hour. The reaction with alkyl chlorides is 
slower, but may be accelerated by adding sodium iodide to the solution.

T e r t ia r y  A l k y l  H a l id e s

Levy and Campbell1 reported that the .S’-ethylthiuronium salt was 
obtained when t-butyl iodide was refluxed with thiourea in ethanol as 
solvent. It was suggested that the t-butyl iodide reacted with ethanol to 
form ethyl iodide which then condensed with thiourea. This anomalous 
reaction of tertiary alkyl halides has since been quoted in books on 
organic analysis8’9, even though the evidence is based on only two observa
tions. It has been generally regarded that thiourea will not react with

TABLE II
M e l t in g  p o in t s  o f  S - a l k y l -A -p h e n y l t h iu r o n iu m  p ic r a t e s , s t y p h n a t e s  a n d

PICROLONATES PREPARED AS DESCRIBED

Radical
Melting point °C

Picrate Styphnate Picrolonate
Methyl 179 205 (decomp.) 2 1 2  (decomp.)
E thyl............................................. 198 176 206
n-Propyl 169 144 159
n-Butyl 144 125 154
n-Pentyl 142 131 173
n-Hexyl 128 112 143
n-Heptyl 127 112 163
n-Octyl 130 100 153
n-Nonyl 165 153 150
n-Decy! 128 97 94
s-Propyl 181 155 196-197
Isobutyl 134 105 160
s-Butyl ................................... 149 131 178
Isopentyl 153 149 165
2-Pentyl ................................... 130 86-87 151
3-Pentyl ................................... 137 84-86 145
Isohexyl 126 113 130-131 (decomp.)
Cetyl .. 113 101 10 2
A lly l ............................................. 157 146 183
l-But-3-enyl .. 134 129 170
l-Pent-4-enyl .. 138 124 154
Benzyl 147 143 194 (decomp.)
/?-Nitrobenzyl.. 195 162 192 (decomp.)

t-alkyl halides. However, Schotte3 was able to prepare »S-t-alkylthiuron- 
ium salts by condensing a t-alkyl halide with thiourea using the corres
ponding tertiary alcohol as solvent. Later Schotte and Veibel10 obtained
S-t-alkylthiuronium salts using aqueous ethanol (35 per cent) as solvent. 
The reactions between t-alkyl halides and thiourea and A-phenylthiourea 
have now been examined. T-alkyl halides will react with thiourea to 
produce the /-alkylthiuronium salts in aqueous ethanol, dioxan or acetone. 
The latter two solvents are better because there is no possibility of an 
abnormal product being formed and no solubility problems. Schotte 
and Veibel10 found that higher molecular weight t-alkyl halides were only 
slightly soluble in aqueous ethanol (35 per cent) with the consequence 
that the reaction was slow. No product was obtained when t-alkyl 
halides were refluxed with VV-phenylthiourea in a number of solvents for 
12 hours.

With the failure of TV-phenylthiourea to react with t-alkyl halides, the 
possibility was considered of preparing S-alkyI-A'-phenylthiuronium salts
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directly from alcohols by refluxing together an alcohol, a t-alkyl halide 
and A-phenylthiourea with either dioxan or acetone as solvent if required. 
With methanol, ethanol and propanol 5-methyl-, 5-ethyl- and 5- propyl- 
A-phenylthiuronium picrates, respectively, have been prepared by this 
method.

O th e r  a p p l ic a t io n s  o f  th iu r o n iu m  a n d  N - p h e n y l th iu r o n iu m  s a l t s . Alkoxyl 
groups have been identified by conversion with hydrogen iodide to the 
alkyl iodides which were then characterised as the thiuronium picrates6-12.

A n a ly s i s  o f  S - a l k y l - N - p h e n y l th i u r o n i u m  p i c r a t e s , s t y p h n a te s  a n d  p ic r o -  
lo n a te s . A spectrophotometric method has been developed for the 
determination of the picrate, styphnate and picrolonate ions present in 
the respective 5-alkyl-jV-phenylthiuronium salts13.

Experimental

M e l t i n g  p o in t s .  All melting points are corrected and were taken on a 
Kofler block.

M a t e r ia l s

All alkyl halides, except pent-3-yl bromide and isohexyl bromide, 
were obtained commercially and redistilled before use.

T A B LE III
ANALYSIS OF S-ALKYL-A'-PHENYLTHIURONIUM PICRATES, STYPHNATES AND 

PICROLONATES

Picrate Styphnate Picrolonate
Found Required Found Required Found Required
C H C H C H C H C H C H

M e t h y l ........................ 42-6 341 42-5 3-29 40-6 3-25 40-9 316 50-2 4-52 500 4-63
Ethyl ........................ 44-2 3-8 440 3-67 42-2 3-38 42-3 3-53 511 4-9 5W 4-93
n-Propyl .. 45-3 3 91 45-4 402 43-6 3-95 43-7 3-87 52 1 5 1 52-1 5 21
n-Butyl 46-5 4-36 46-7 4-35 45-2 4-0 45-0 4 19 53-0 5-4 53 1 5-49
n-Pentyl .. 48-2 4-63 47-9 4-66 46-4 4-6 46-3 4-5 54-1 5-69 54-1 5-74
n-Hexyl 49 0 4-8 490 4-95 47-2 4-66 47-4 4-78 55-0 5-82 550 5-98
n-Heptyl .. 50 1 5-4 501 5-22 48-7 5-01 48-5 5 05 55-8 6-0 55-8 6-2
n-Octyl 51*3 5-4 511 5-48 49-5 5-2 49-5 5-3 56-7 6-3 56-6 6-41
n-Nonyl .. 519 5-8 520 5-71 50-5 5-4 50-5 5-54 57-3 6-54 57-4 6-62
n-Decyl 531 5-82 530 5-95 516 5-76 51-4 5-77 58-3 6-64 58 1 6-81
s-Propyl .. 45-6 3-98 45-4 4 02 43-8 5-8 43-7 5-87 51-9 4-97 52-1 5-21
Isobutyl . . 46-5 4-26 46-7 4-35 451 4-38 450 4-19 52-9 5-4 53 1 5-49
s - B u t y l ........................ 46-7 4-49 46-7 4-35 45-0 4-21 45-0 4 19 53-3 5-35 53 1 4-49
Isopentyl .. 480 4-46 47-9 4-66 46-1 4-54 46-3 4-5 54-4 5-61 54-1 5-74
2-Pentyl . . 47-7 4-84 47-9 4-66 46-5 4-32 46-3 4-5 54-2 5-63 54 5-74
3-Pentyl 47-6 471 47-9 4-66 46-4 4-5 46-3 4-5 54-1 5-65 54-1 5-74
Isohexyl .. 48-9 4-87 490 4-95 47-6 4-6 47-4 4-78 55-0 5 91 55-0 5-98
Cetyl 57-5 7-23 57-5 711 56-3 6-93 56-0 693 61-8 7-76 617 7-79
Allyl ........................ 45-5 3-58 45-6 3-56 44-0 3-46 43-9 3-44 52-5 4-61 52-4 4-8
l-But-3-enyI 47-0 4-1 46-9 3-91 450 3-68 45-2 3-77 53-7 4-99 53-4 5-09
l-Pent-4-enyl 47-9 413 48-1 4-23 46-3 3-97 46-4 4-09 54-4 5 15 5̂ -3 5-35
Benzyl 50-9 3-5 510 3 61 49-1 3-7 49-3 3-49 56-8 4-66 56-7 4-72
p-Nitrobenzyl 46-7 3-2 46-5 3-1 45-1 2-87 45-1 301 52-2 3-9 521 4-16

P e n t - ' i - y l  b r o m id e . Diethyl ketone was reduced by the Meervein- 
Ponndorf-Verly reduction to give pentan-3-ol b.p. 114-117°. Pentan-
3-ol was treated with hydrobromic acid and sulphuric acid. Pent-3-yl 
bromide b.p. 116-119° was collected.

I s o h e x y l  b r o m id e . Isohexanol was treated with potassium bromide 
and sulphuric acid. Isohexyl bromide b.p. 138-141° was collected.
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Thiourea and all A'-substituted thioureas were obtained commercially. 
Thiourea was recrystallised from aqueous ethanol m.p. 176°. A'-Phenyl- 
thiourea was recrystallised from aqueous ethanol m.p. 153°. All the 
precipitating reagents except styphnic acid were obtained commercially. 
Picric acid m.p. 122° and picrolonic acid m.p. 118° (decomp.) were 
recrystallised from ethanol before use. A few samples of picrolonic acid 
were found to contain a dark yellow crystalline impurity which decom
posed between 220-250°. This can be removed by crystallisation. 
Styphnic acid was prepared by the method of Merz and Zetter11 by 
nitration of resorcinol. Recrystallisation from ethanol gave yellow 
crystals m.p. 175° (Lit.11175°).

S ta n d a r d  p r o c e d u r e  f o r  p r e p a r in g  S - a l k y l - N - p h e n y l th i u r o n i u m  p ic r a te s ,  
s t y p h n a te s  a n d p ic r o lo n a t e s .  A'-Phenylthiourea (1 g.) and the alkyl halide

TABLE IV
A nalysis of S-alkylthiuronium picrolonates

Radicals
Foiind Reqilired

C H C H
Methyl 40-3 4-6 40-4 4-5
Ethyl 42-1 4-81 42-15 4-86
n-Propyl 43-9 5-27 43-8 5-21
n-Butyl 45-2 5-6 45-2 5-53
n-Pentyl 46-6 5-8 46-6 5-82
n-Hexyl 47-7 6-07 47-9 6-1n-Heptyl 49-2 6-32 49-1 6-36
n-Octyl 500 6-7 50-2 6-6
n-Decyl 52-2 7-12 52-3 706
s-Propyl 43-6 5-2 43-8 5-21
I s o b u ty l ........................ 45-3 5-51 45-2 5-53
s-Butyl ........................ 45-3 5-46 45-2 5-53
Isopentyl .. 46-6 5-8 46-6 5-82
2 -P e n ty l....................... 46-4 5-71 46-6 5-82
3-Pentyl 46-5 5-78 46-6 5-82
Allyl ........................ 43-7 4-75 44-0 4-71Benzyl 50-1 4-58 50-0 4-63p-Nitrobenzyl 45-4 4-01 45-3 3-99

(1 g.) were dissolved in turn in ethanol (10 ml. 50 per cent). The solution 
was refluxed for 1 hour and then divided into three aliquots.

P ic r a t e .  One aliquot was poured into a saturated aqueous solution of 
picric acid (25 ml.). The picrate was allowed to crystallise for half an 
hour then collected, washed and recrystallised from aqueous ethanol 
(50 per cent).

S ty p h n a t e .  Styphnic acid (0-3 g.) was added to a second aliquot and 
the solution brought to the boil. Sufficient ethanol (50 per cent) was 
added dropwise to bring the styphnic acid into solution. The solution 
was allowed to cool when the .S-alkyl-A-phenylthiuronium styphnate 
crystallised out. It was collected, washed and recrystallised from ethanol 
(50 per cent).

P ic r o lo n a te .  The third aliquot was treated with picrolonic acid 
(0-3 g.) as described for styphnate.

T h iu r o n iu m  p ic r a t e s ,  s t y p h n a te s  a n d  p ic r o lo n a t e s  were prepared by a 
similar procedure substituting thiourea for A-phenylthiourea.

S- T - b u ty l t h io u r o n iu m  p i c r a t e ,  s t y p h n a te  a n d  p ic r o lo n a te .  T-butyl chloride 
(1-5 ml.) and thiourea (1 g.) were dissolved in dioxan (15 ml.) and water
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(1 ml.) and refluxed for 2 hours. The picrate, styphnate and picrolonate 
were prepared as described above. 5-T-butylthiuronium picrate m.p. 
150-5° (Lit.10 151°). Found: C, 37-0; H, 4-3; N, 19-35. Calc, for 
CuH 150 7N 5S; C, 36-56; H, 4-15; N, 19-4.

S-T-butylthiuronium styphnate m.p. 149°—150°. Cn H150 8N 5S requires 
N, 18-56. Found: N, 18-3.

S-T-butylthiuronium picrolonate m.p. 178°—179° (decomp.).
C15H 20O6N 6S requires N, 21-2. Found: N, 21-0.

Identical products were obtained when the reaction was repeated using 
(a ) ethanol (95 per cent), (b ) ethanol (50 per cent) and (c) acetone (very 
low yield).

A t t e m p t e d  p r e p a r a t io n  o fS - t - b u t y l - 'N - p h e n y l t h iu r o n iu m  p i c r a t e ,  s t y p h n a te  
a n d  p ic r o lo n a te .  TV-Phenylthiourea (1 g.) and t-butyl bromide (1 ml.) 
were dissolved in ethanol (10 ml.) (95 per cent) and the solution refluxed 
for 2 hours. The three salts were prepared as described above.

Picrate m.p. 198°, styphnate m.p. 176°, picrolonate m.p. 205-206°. 
These all correspond to the S-ethyl-iV-phenylthiuronium salts (see Table 
II). 5- E t h y 1 - A- p he n y 11 h i u r o n i u m picrate C15H160 7N 5S requires N, 17-11. 
Found N, 16-95.

The above experiment was repeated using (a) dioxan, (b ) acetone, (c) 
formamide, ( d )  dimethylformamide as solvent and reaction times of up to 
12 hours, but in no case was any product obtained. 5-Methyl-TV-phenyl- 
thiuronium picrate m.p. 179° and 5-«-propy 1 - A'-pheny 11b iuronium picrate 
m.p. 169° were obtained when the ethanol was replaced by methanol and 
n-propanol respectively in the above reaction. No product was obtained 
with butanol or isopropanol.

A c k n o w l e d g e m e n t s .  One of us, W. A. Baker, wishes to thank the 
Pharmaceutical Society for a research grant.
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By selecting suitable wavelengths to measure the extinction, it has 
been found possible to determine the percentage of picrate, styphnate 
and picrolonate in 5-alkyl- ;V-pheny 1th iuronium salts in ethanol 
solution by an ultra-violet spectrophotometric method. The method 
is rapid and accurate to ±  1 per cent.

In a previous communication1 we reported that 5-alkyl-jV-phenylthiuron- 
ium picrates, styphnates and picrolonates were useful as derivatives for 
the characterisation of alkyl halides. It has been shown previously2 that 
alkyl halides react with thiourea to form S-alkylthiuronium halides which 
precipitate as S-alkylthiuronium picrates with picric acid, Scheme 1.

Scheme 1
Elemental analysis of the 5-alkyl-A-phenylthiuronium picrates, styph
nates and picrolonates1 suggested that these salts were of the same type 
as the 5-alkylthiuronium picrates. To check the composition of all the 
salts which were prepared and to widen the analytical scope of the method, 
we have developed a spectrophotometric method of determining the 
picrate, styphnate and picrolonate content of the respective 5-alkyl-JV- 
phenylthiuronium salts.

yV-Phenylthiourea does not absorb in the wavelength region 350 to 
400 m/x whereas picric acid absorbs strongly in this region. The total 
absorption of S-alkyl-TV-phenylthiuronium picrate in the region 350 to 
400 nifx will therefore be due to the picrate ion only. An application of 
this principle to the determination of the molecular weight of amine 
picrates has been reported3. Since both styphnic acid and picrolonic acid 
absorb in the region 350 to 400 m/x, then the principle should be applicable 
to 5-alkyl-jV-phenylthiuronium styphnates and picrolonates.

E xperimental
A p p a r a tu s

A Hilgar and Watts Uvispek H.700.304 equipped with a quartz prism 
was used. Matched pairs of silica cuvettes of 1 cm. optical path length
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were used for the determination of absorption spectra (for readings 
below 360 mp ) .  Matched pairs of glass cuvettes of 1 cm. optical path 
length were used for the assay readings above 360 m/x.

M e l t i n g  p o i n t s  were taken on a Kofler block and are corrected.

DETERMINATION OF PICRATE, STYPHNATE AND PICROLONATE

M a t e r i a l

S o lv e n t .  Ethanol (95 per cent) which complied with Appendix IV H 
of the British Pharmacopoeia 1958 was used. Picric acid, styphnic acid 
and picrolonic acid were of the purity described previously1. iV-Phenyl- 
thiourea was of M.A.S. grade (Hopkin and Williams). «S-Alkyl-TV- 
phenylthiuronium picrates, styphnates and picrolonates were prepared as 
described previously1.

P ip e r id in e  p i c r a t e .  Piperidine (0-85 g.) and picric acid (2-3 g.) were 
dissolved in hot ethanol (95 per cent). On cooling, the product crystall
ised out. The precipitate was collected and recrystallised twice from

T A B L E  I
A bsorption of A -phenylthiourea in  ethanol (95 per cent) (6-44 mg. in  100 ml.

OF SOLUTION). 1 CM. MATCHED SILICA CUVETTES

Wavelength (mpi) Extinction
400 0 0 0 0
385 0  0 0 0
380 0 -0 0 0
370 0 -0 0 0
360 0 -0 0 0
350 0 -0 0 0
340 0-003
330 0-028
320 0-05
310 0-153
300 0-535
290 1-671

ethanol (95 per cent). Yellow crystals m.p. 151° (Lit.4 151°). Found: 
N, 17-8. Calc, for Cu H140 7N 4: N, 17-84. The following compounds 
were all prepared in a similar manner.

cis-2,6 - D im e th y lp ip e r id in e  p i c r a t e  m.p. 165° (Lit.5 162—164°). Found: 
N, 16-3. Calc, for C13H180 7N4: N, 16-4.

T r i m e t h y la m in e  p i c r a t e  m.p. 226° (Lit.4 225°). Found: N, 19-5. 
Calc, for C9H120 7N 4: N, 19-45.

T r o p a n e  p i c r a t e  m.p. 281° (Lit.6 281°). Found: C, 47-31; H, 5-101. 
Calc, for C14H170 7N 4: C, 47-45; H, 5-08.

P ip e r id in e  s t y p h n a te .  Recrystallised twice from ethanol (50 per cent) 
m.p. 204-206° (decomp.). Found: N, 17-1. Calc, for Cn H140 8N 4: N, 
17-0.

cis-2,6 - D im e th y lp ip e r id in e  s t y p h n a te .  Recrystallised twice from ethanol 
(50 per cent) m.p. 208—210° (decomp.). C13H180 8N 4 requires N, 15-6. 
Found: N, 15-45.

T r o p a n e  s t y p h n a te .  Recrystallised from ethanol (50 per cent) m.p. 
266°. Found: N, 15-1. Calc, for C14H180 8N 4: N, 15-14.

Q u in in e  s t y p h n a te .  Recrystallised from ethanol (95 per cent) m.p. 
155—156° (Lit.6 154°). F ound : N, 12-3. Calc, for C26H27O10N5: N, 12-3.
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T r o p a n e  p ic r o lo n a te . Tropane (2 ml.) was poured into a saturated 
solution of picrolonic acid in ethanol (95 per cent). After thirty minutes 
the crystals were filtered off and recrystallised from ethanol (95 per cent) 
m.p. 207°. Found: N, 18-1: Calc, for C18H220 5N 5: N, 18 0.

The following picrolonate salts were similarly prepared.
D ie th y l a m i n e  p i c r o lo n a te  m.p. 256—260° (decomp.). Found: N, 20-5. 

Calc, for C14H190 5N 5: N, 20-77.
c h - 2 , 6 - D im e th y  ¡ p ip e r id in e  p i c r o lo n a te  m.p. 262-265° (decomp.). 

C17Ff230 5N 5 requires N, 18-57. Found: N, 18-6.
P ip e r id in e  p i c r o lo n a te  m.p. 270—273° (decomp.). Found: N, 19-7. 

Calc, for C15H190 5N s : N, 19-6.

M e a s u r e m e n t s

'N - P h e n y l th io u r e a . The extinction of a solution of TV-phenylthiourea 
(6-44 mg. in 100 ml. of solution) was determined between the wavelengths 
290 to 400 m/x. The results are given in Table I.

P ic r a t e  io n . The absorption of a solution of piperidine picrate (1 -36 mg. 
in 100 ml. of solution) was determined between the wavelengths 340 to

Wavelength in irifi

Fig . 1. Absorption spectra of picrate, styphnate and 
picrolonate in ethanol, 95 per cent. 1 cm, silica cuvettes.

Piperidine picrate, 1-36 mg. in 100 ml. • —•
Piperidine styphnate, 2-05 mg. in 100 ml. 0—0 
Diethylamine picrolonate, 2-124 mg. in 100 ml. x — x

390 m/x (Fig. 1). The wavelength 385 m/x was selected as suitable for the 
determination of picrate.

V a l id i t y  o f  B e e r - L a m b e r t  L a w  f o r  p i c r a t e  in  e th a n o l . Solutions of 
different concentrations of an authentic sample of A-H-butyl-xV-phenyl- 
thiuronium picrate in ethanol were prepared and the extinction deter
mined at 385 m/x in 1 cm. glass cuvettes (Fig. 2).
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M o le c u la r  e x t i n c t i o n  c o e f f ic ie n t  o f  p i c r a t e  a t  385 w/x in  e th a n o l .  
Solutions in ethanol were prepared of a number of salts of picric acid. 
The extinctions of these solutions were determined at 385 m/x using 1 cm. 
matched glass cuvettes. The molecular extinction coefficient was cal
culated for each compound and the mean taken for assay purposes 
(Table II).

D e te r m in a t io n  o f  p ic r i c  c o n te n t  o f  S - a l k y l - N - p h e n y l th i u r o n i u m  p ic r a t e s .  
A weighed amount of each picrate was dissolved in ethanol (1 to 4 mg.

DETERMINATION OF PICRATE, STYPHNATE AND PICROLONATE

F i g . 2. Verification of Beer-Lambert law for picrate, styphnate and picro- 
lonate in 95 per cent ethanol.

S-n-Butyl-tV-phenylthiuronium picrate, 385m/x 9  t .  
S-n-Pentyl-A-phenylthiuronium styphnate, 400 m/x o —O. 
S-n-Pentyl-A-phenylthiuronium picrolonate, 350 m/x x — x.

in 100 ml. of solution). The extinction was determined using 1 cm. glass 
matched cuvettes at 385 m/x. The precentage picrate was calculated using 
the following formula.

„  . E x  228-1 X 100
Per cent picrate =  ----------- —--------

e X C
where 228-1 =  ionic weight of picrate ion 

E =  Extinction of solution 
e =  Molecular extinction coefficient of picrate 
C =  Concentration of picrate in g./l.

A list of values obtained is given in Table III.
S t y p h n a t e  io n . The absorption of a solution of piperidine styphnate 

(2-05 mg. in 100 ml. of solution) was determined between 300 to 440 m/x 
(Fig. 1). The wavelength 400 m/x was selected as the most suitable for the 
determination of styphnate.

V a l id i t y  o f  B e e r - L a m b e r t  L a w  f o r  s t y p h n a te  io n  in  e th a n o l .  Solutions 
of different concentrations of an authentic sample of 5'-«-pentyl-A- 
phenylthiuronium styphnate in ethanol (95 per cent) were prepared and 
the extinction determined at 400 m/x in a 1 cm. glass cuvette (Fig. 2).
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M o l e c u la r  e x t i n c t i o n  c o e f f ic ie n t  o f  s t y p h n a te  a t  400 m/x in  e th a n o l .  
Solutions in ethanol were prepared of a number of known styphnate 
salts. The extinctions of these solutions were determined at 400 mju. 
using 1 cm. matched glass cuvettes. The molecular extinction coefficient 
was calculated for each compound and the mean taken for assay purposes 
(Table II)

D e te r m in a t io n  o f  s t y p h n a te  c o n te n t  o f  S - a l k y l - N - p h e n y l th i u r o n i u m  
s t y p h n a te s .  A weighed amount of each styphnate was dissolved in 
ethanol (1 to 4 mg. in 100 ml. of solution). The extinction was deter-

T A B LE II
M o l e c u l a r  e x t in c t io n  c o e f f ic ie n t s  o f  p ic r a t e , s t y p h n a t e  a n d  p ic r o l o n a t e  

IN ETHANOL (95  PER CENT)

Compound
Molecular extinction 

coefficient
P icra te—385 m \i
Picric acid 12,310
Piperidine picrate 12,280
2,6-Dimethylpiperidine picrate 12,340
Tropane picrate 12,230
Trimethylamine picrate 12,310

Mean 12,300
S ty p h n a te—400 mp.
Styphnic acid 16,990
Piperidine styphnate 17,000
Tropane styphnate . . 16,900
2,6-Dimethylpiperidine styphnate .. 16,950
Quinine styphnate 16,930

Mean 16,950
P icro lo n a te—350 m\x
Picrolonic acid 24,190
Tropane picrolonate 24,140
Diethylamine picrolonate .. 24,160
Piperidine picrolonate 24,200
2,6-Dimethylpiperidine picrolonate 24,190

Mean 24,170

mined using 1 cm. glass matched cuvettes at 400 m/x. The percentage 
styphnate was calculated using the formula given for picrate, but the 
molecular weight of the styphnate ion (244) was substituted for that of the 
picrate ion. A list of results is given in Table III.

P ic r o lo n a te  io n . The absorption of a solution of diethylamine picro
lonate (2-124 mg. in 100 ml. of solution) was determined between 300 to 
420 m/x (Fig. 1). The wavelength 350 m/x was selected as the most 
suitable for the determination of picrolonate.

V a l id i t y  o f  B e e r - L a m b e r t  L a w  f o r  th e  p i c r o lo n a te  io n  in  e th a n o l .  Solu
tions of different concentrations of an authentic sample of S'-M-pentyl-.V- 
phenylthiuronium picrolonate in ethanol were prepared and the extinc
tions determined at 350 m/x in a 1 cm. silica cuvette (Fig. 1).

M o l e c u la r  e x t i n c t i o n  c o e f f ic ie n t  o f  p ic r o lo n a te  a t  350 m/x in  e th a n o l .  
Solutions in ethanol were prepared of a number of salts of picrolonic acid. 
The extinctions of these solutions were determined at 350 m/x using 1 cm. 
matched silica cuvettes. The molecular extinction coefficient was cal
culated for each compound and the mean taken for assay purposes 
(Table II).
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D e te r m in a t io n  o f  p ic r o lo n a te  c o n te n t  o f  S - a l k y l - N - p h e n y l th i u r o n i u m  
p ic r o lo n a te s .  A weighed amount of each picrolonate was dissolved in 
ethanol (1 to 2-5 mg. in 100 ml. of solution). The extinction was deter
mined using 1 cm. silica matched cuvettes at 350 m p .  The percentage 
picrolonate was calculated and is given in Table III, using the formula 
given above but substituting the molecular weight of the picrolonate ion 
(263) for that of the picrate ion.

DETERMINATION OF PICRATE, STYPHNATE AND PICROLONATE

T A B LE III
D etermination of picrate, styphnate and  picrolonate in  S-alkyl-A-phenyl-

THIURONIUM PICRATES, STYPHNATES AND PICROLONATES*

Compound
Picrate Styphnate Picrolonate

Calc. Found Calc. Found Calc. Found
Methyl 57-71 57-23 59-34 59-55 61-15 60-84
Ethyl 55-73 55-50 57-42 57-46 59-21 59-33
n-Propyl 53-89 54-36 55-55 55-12 57-41 57-45
n-Butyl .. 52-14 51-88 53-84 54-06 55-75 55-44
n-Pentyl ........................ 50-53 50-27 52-22 52-20 54-12 53-96
n-Hexyl 49-00 50-07 50-70 50-74 52-59 53-01
n-Heptyl 47-57 48-03 49-26 48-71 51-16 5105
n-Octyl .. 46-22 46-78 47-92 48-76 49-80 49-72
n-Nonyl 44-95 45-68 46-63 46-49 48-52 48-67
n-Decyl 43-75 43-22 45-51 45-32 47-30 4711
A l l y l ................................... 54-14 54-01 55-81 55-98 57-66 57-51
l-But-3-enyl 52-40 52-38 54-08 53-51 55-95 56-03
l-Pent-4-enyl .. 50-76 50-71 52-43 52-47 54-39 54-40
Benzyl .. 48-28 48-83 49-97 50-02 51-87 51-40
p-Nitrobenzyl .. 44-08 44-84 45-76 45-93 47-64 47-66
Cetyl 37-66 37-31 39-27 3901 41-09 41-26
s-Propyl 53-89 53-18 55-55 55-81 57-41 57-69
s-Butyl................................... 52-14 52-19 53-84 54-26 55-75 55-50
Isobutyl 52-14 52-89 53-84 53-46 55-75 55-68
2-Pentyl 50-53 49-99 52-22 51-78 54-12 53-96
3-Pentyl 50-53 50-51 52-22 51-50 54-12 54-46
Isopentyl ........................ 50-53 50-89 52-22 51-99 54-12 54-46
Isohexyl 49-00 48-63 50-70 51-25 52-59 52-67

* Picrate X =  385 mpt, 95 per cent ethanol, 1 cm. glass cuvettes. 
Styphnate X = 400 mpt, 95 per cent ethanol, 1 cm. glass cuvettes. 
Picrolonate X =  350 mpt, 95 per cent ethanol, 1 cm. silica cuvettes.

D is c u s s io n

The ultra-violet spectrophotometric determination of picrates, styph- 
nates and picrolonates is a quick and accurate method. The results 
(Table III) indicate that the S-alkyl-iV-phenylthiuronium salts consisted 
of one mole of S-alkyl-A-phenylthiuronium ion and one mole of picrate, 
styphnate or picrolonate. The method is not limited to the determinations 
of these ions only, but could be used for the determination of the mole
cular weight of a cation of a picrate, styphnate or picrolonate provided 
that the molar relation between the cation and the acid was known and 
that the cation did not absorb at the wavelengths at which the deter
minations were made. Since milligram quantities of the salts are used 
for the spectrophotometric determination, then it is possible to use this 
method for the determination of molecular weights on a micro scale.
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Pharmaceutical Society for a research grant.
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T h e  a n a to m y  o f  th e  le a f  o f  Rubus loganobaccus L . H . B ailey, in  th e  
w ho le  a n d  p o w d ered  c o n d itio n , is desc rib ed  a n d  illu s tra te d . A  su m m ary  
o f  th e  a n a to m ic a l c h ara c te rs  is g iven, a n d  th e  a n a to m ic a l fea tu res  
w h ich  d is tin g u ish  leaves o f  R. loganobaccus f ro m  th o se  o f  R. idaeus L . 
a n d  R . fruticosus  L .’>2 a re  briefly  d iscussed .

No reference has appeared to date concerning the use of loganberry 
leaves in medicine, but the plant is closely allied to the raspberry and 
blackberry, and its leaves resemble those of these plants. Moreover, 
loganberries have become a well-known article of commerce, and the 
plants are frequently cultivated near to raspberry and blackberry crops. 
The present investigation was therefore undertaken to show the anatomical 
characters by which loganberry leaves may be distinguished.

The loganberry plant originated in 1881 by hybridisation between 
R .  id a e u s  ssp. s t r ig o s u s  (Michx.) Focke, an American species of red 
raspberry, and R .  v i t i f o l i u s  Cham. & Schlecht, the Californian dewberry3’4. 
It is a hexaploid, now behaving as a species, and was introduced into 
this country about 1900. Warburg1 includes it, with R .  id a e u s  L., in 
the subgenusIdeobatus.

M a t e r ia l

The material investigated consisted of the leaves of R .  lo g a n o b a c c u s  
cultivated at the Gardens of the Royal Horticultural Society, Wisley, 
Surrey.

M e t h o d s  o f  I n v e s t ig a t io n

A brief treatment with warm chloral hydrate solution sufficed to show 
the epidermises in surface view, but it was profitable to shave off the hairs 
before examining the lower epidermis, and also to soak the pieces of 
lamina in ether for several hours before testing for lignin with phloro- 
glucin and hydrochloric acid or aniline sulphate solution. The hairs of 
the upper epidermis gave a positive reaction for lignin, but some of the 
hairs forming the tomentum on the lower epidermis of the lamina gave 
a positive reaction only after the above treatment, or alternatively, after 
preliminary heating in chloral hydrate solution. Other histological 
methods used were similar to those described earlier2.

* The subject m atte r o f  this com m unication  form s p a rt o f a  thesis by one o f us 
(K .R .F .) accepted by the  University o f  L ondon fo r the  degree o f D o c to r o f  Philosophy.
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A n a t o m ic a l  St r u c t u r e

The leaf of R .  lo g a n o b a c c u s  is imparipinnately compound; there are 
usually five leaflets, lateral leaflets being sessile on the rachis. Paired 
linear stipules are adnate at the lower end of the rachis (Fig. I ,  A ;  Fig. 5, 
A  and Fig. 6, A ) .

( a )  L e a f l e t s

No anatomical differences were detected between lateral and terminal 
leaflets; the following description, therefore, applies to either of these.
(i) L a m i n a , in t e r n e u r a l  r e g io n  (Fig. 1, C and D ; Fig. 2, A ,  B , C and D ;

Fig. 3, C; Fig. 4, A ) .

The U p p e r  E p id e r m is  is covered with a fairly thick, smooth cuticle 
and consists of a layer of polygonal cells having wavy, well-beaded, 
anticlinal walls; they measure* about H 20 to 24/x and Lev L and B 16 to 
68 ¡x. Stomata are absent, but numerous, prominent, oval h y d a th o d e s ,  
about 22 to 30 ju long and 14 to 20 /x wide, are present on each of the 
marginal teeth (Fig. 1, C). C o v e r in g  tr ic h o m e s  occur frequently; they 
arise over or in close proximity to the veins and around the edges of the 
marginal teeth (Fig. 1, B ;  Fig. 2, C). They are unicellular, with thick, 
lignified walls, tapering and acutely pointed, with heavily thickened bases 
exhibiting well-marked linear pits; they measure about 180 to 1,400/x 
long and 15 to 42 p  wide at the base. The lumen is wide in the basal 
part of the trichome, but narrows gradually, often becoming obliterated 
about one-third of the way along the trichome. The bases are surrounded 
by about 8 to 10 radiating epidermal cells; these radiating cells frequently 
show a striated cuticle.

The M e s o p h y l l  is well differentiated. The p a l i s a d e  is double, with the 
upper layer very slightly more well-formed than the lower. Both layers 
are continuous when seen in thin transverse sections, and consist of 
cylindrical cells measuring about FI 20 to 35 p ,  Lev 4 to 10 /x in the upper 
layer, and H 16 to 30 p ,  Lev 4 to 10/x in the lower. The cells of both 
layers contain chloroplasts, about 4 to 6 p  in diameter. Scattered 
irregularly in both the palisade and the spongy mesophyll (more commonly 
in the latter) are occasional rounded idioblasts containing well-defined 
cluster crystals of c a lc iu m  o x a la t e ,  about 14 to 36/x in diameter; there is 
no well-defined crystal layer between the palisade and the spongy meso
phyll. The s p o n g y  m e s o p h y l l  consists of about 2 to 4 layers of cells, 
which in surface view are rounded, elongated, triangular or trabeculate 
and measure about H 8 to 16/x and Lev 10 to 30 /x; they contain chloro
plasts, about 4 to 6 q, in diameter; numerous air-spaces occur (Fig. 3, C ; 
Fig. 4, A ) .

The L o w e r  E p id e r m is  has a smooth, thin cuticle. Its cells have wavy, 
slightly beaded walls about H 8 to 14 p ,  Lev L and B 20 to 60 /x. S t o m a t a  
are very numerous, and, when the hairs are shaved off, are seen to be of

* T he sym bols H , Lev, Lev L  and Lev B are suggested fo r the  purpose of describing 
organs show ing b ila tera l sym m etry by M oll and  Janssonius. T he sym bol H  =  
height, in a  direction perpendicular to  the  surface o f the  o rg a n ; Lev =  in th e  d irection 
o f  th e  surface o f th e  o rg a n ; Lev L  and Lev B =  parallel to  th e  surface and  a t the  
sam e tim e in a  longitudinal o r  transverse direction  respectively.
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R u b u s  l o g a n o b a c c u s  L . H . B a i l e y

F i g . 1. L eaf o f Rubus loganobaccus L. H . Bailey. A, com plete, com pound  leaf 
w ith term inal and  tw o latera l leaflets and  paired  stipules adnate  to  th e  rachis. 
B, m arginal to o th  o f leaflet. C, hydathode  on up p er epiderm is o f  m arginal to o th  of 
leaflet. D, hydathode on lower epiderm is o f m arginal to o th  o f leaflet. E. prickle. 
A, x J ;  B, x 33; C  and  D, x 200; E, x 18. b, b u d ; c, covering trichom e; hy, hydra- 
th o d e ; l.e., lower epiderm is o f m arginal to o th ; l.e.m., lower epiderm is o f  m id rib ; 
pr, p rick le; rac, rach is; s.m., serrate  m arg in ; stp, stipu le ; u.e., up p er epiderm is of 
m arginal to o th ; v.t., vein te rm in atio n ; w, position  a t which transverse section in 
Fig. 3, A was m ade.
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the an om ocytic  type and raised very slightly above the level o f  the ep ider
m is; they exh ib it prom inent ostio les, are ova l in outline and m easure  
ab ou t 23 to  30 p  lo n g  and 18 to  22 p  w ide (F ig . 2, B). O ccasional ova l 
hydrathodes, ab ou t 24 to  30 p  lon g  and 18 to  22 p  w ide, occur on  the low er  
epiderm is o f  the m arginal teeth  (F ig . 1, D). L on g covering trichomes 
are present in  great n u m b ers; they form  a virtual tom entum  w hich  is not  
so  dense, how ever, as that observed  on  the lea f o f  R. idaeus. T hey are 
unicellular, lignified (but on ly  sta in  satisfactorily  after prelim inary treat
m ent o f  the lam ina  w ith  ether or ch loral hydrate so lu tion ), are com m on ly  
300 to  700 p. lo n g  and 12 to  30 p  w ide at the base, the lum en  is som etim es  
obliterated  in  the upper tw o-thirds o f  the hair and they are curled, and to  
som e extent, in tertw ined w ith  each  other; the bases are th ickened  and  
slightly p itted  and the apices are b luntly p o in te d ; spiral m arkings were n ot  
observed  (F ig . 2, B  and D).

T he lam ina has a coarsely dentate-serrate m argin, individual teeth  
being acutely pointed . T he m inute ends o f  the secondary and tertiary  
veins extend to  w ith in  ab out 60 p  o f  the teeth  apices and term inate in  a 
few , very sm all, spiral elem ents. T w o fine vein lets, one on either side, 
converge tow ards the central vein let and unite w ith  it about 0-6 m m . 
from  the tip  o f  the to o th  (F ig. 1, A and B).

(ii) Midrib (F ig. 2, E  and F ; F ig . 3, A, B  and D ; F ig. 4, B and C).
T he m idrib has a typically  d icoty ledon ous structure; one significant 

variation  w as noted  in  transverse sections cut serially from  apex to  base  
in  m ost (but n o t all) leaflets exam ined , nam ely that groups o f  pericyclic  
fibres appear in sections cu t betw een  the base o f  the leaflet and a p o in t  
w hich  varied from  about one-quarter to  ab ou t one-third o f  the w ay up the  
m idrib (F ig. 3, A and B).

T he U p p e r  E p id e r m is  consists o f  a  single layer o f  e longated , slightly  
beaded, w ell-cuticularised, straight-w alled  cells m easuring ab out H  14 to  
24 p , Lev B 8 to  30 p , and L ev L 16 to  60 p ;  stom ata are absent (F ig . 2, 
E ; F ig . 3, D). Covering trichomes are present in m oderate num bers, and  
are sim ilar to  those o f  the interneural epiderm is. O ccasional glandular 
trichomes ab out 100 to  180 p lo n g  occur on  the upper epiderm is o f  both  
m idrib and secondary veins; they com prise a m ulticellu lar, b iseriate  
stalk  ab out 6 cells long , and a m ulticellu lar, subspherical, glandular head  
ab out 60 to  70 p  in  diam eter (F ig . 2, E).

T he L o w e r  E p id e r m is  con sists o f  strongly  cuticu larised , lon gitud inally  
elongated , beaded, straight-w alled cells, m easuring ab out H  14 to  28 p ,  
Lev B 8 to  28 p  and L ev L  25 to  90 p ; occasion al an om ocytic  stom ata  are 
present (F ig. 2, F; F ig . 3, D). Covering trichomes arise frequently and are 
in  general o f  sim ilar structure to  those o f  the upper interneural epiderm is.

Laterally com pressed , slightly curved, elongated -con ica l prickles occur  
frequently on  the low er surface o f  the m idrib. T hey are com m only  
2 to  5 m m . h igh  and 1 to  2 m m . lo n g  at the base, and con sist o f  lignified, 
fibre-like sclerotic cells, ab out 140 to  900 p  lon g  and 14 to  30 p  w id e, 
their w alls, in  general, are thin , w ith  ob lique p its; the lum en is w id e  
(F ig. 1, A and E ; F ig . 3, A ; F ig . 4, B).
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F ig . 2. Leaflet o f Rubus loganobaccus L. H . Bailey. A, upper epiderm is o f leaflet; 
B, low er epiderm is o f leafle t; C, covering trichom e on upper epiderm is o f la m in a ;
D, covering trichom es form ing partia l tom entum  on lower epiderm is o f lam ina;
E, up p er epiderm is o f m id rib ; F, lower epiderm is o f m idrib. All x 200. c, covering 
trichom e (o r p o rtion  o f) ;  c.l., crossed-line effect; g, g landular trichom e; p, p it;  pal, 
p a lisade; s.c., striated  cuticle; st, s to m a; v/, veinlet.
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T h e C o r t e x  contains a few  row s o f  supporting hypoderm al collenchyma 
beneath  b o th  surfaces o f  the m idrib, that tow ards the low er surface being  
the greater in  extent. T he cells are n orm ally  very h eavily  thickened, 
particularly in  the angles, and m easure ab out L  26 to  120 /x, R  and T  14 
to  40  p .; ch lorop lasts are present, m easuring ab out 6 ¡x in  diam eter. T he  
in terior o f  the cortex is o f  parenchyma w h ich  is o ften  slightly collenchy-  
m atou s, the cells being  som etim es th ickened  at the corners and occasion 
ally  exh ib iting sm all p its in  their w a lls; ind ividual cells m easure ab out  
L  30 to  150 p, R  and T  14 to  64 ¡x. Id iob lasts occur fairly frequently in  
this tissue, each  con ta in ing  a cluster or rosette crystal o f  calcium oxalate 
ab out 10 to  40 ¡x in  diam eter.

Endodermal tissue cou ld  be detected on ly  w ith  the aid  o f  ch loral-iod ine  
so lu tion — m inute starch grains like those described in  the an a logous tissue  
o f  the leaves o f  R. idaeus and R. fruticosus1,2 were observed in  ab out h a lf  
o f  the leaflets exam ined— in  the innerm ost layers o f  the cortex. In none  
o f  the sections exam ined , how ever, d id  this layer continue over the u pper  
side o f  the m eristele. N o  lignified endoderm al tissue cou ld  be d em o n 
strated (F ig . 3, D ).

P e r ic y c l ic  F ib r e s , in  those leaflets w here they occur, are arranged in  
sm all groups (F ig . 3, B) and com m on ly  m easure ab out 800 ¡x lon g  and  
20  p  in  d iam eter; they  exhib it thin , lign ified  w alls w ith  occasion a l sm all, 
ob liq ue p its, a  w ide lum en  and pointed  apices (F ig . 4 , C ).

T h e M e r is t e l e  is crescent-shaped  and w ell-defined.
T he P h l o e m  con sists o f  strands o f  sieve-tissue and sm all-celled  paren

chym a, alternating w ith  m edullary rays. T he sieve-tubes are sm all, 
ind ividual segm ents being  ab out 70 ¡x lo n g  and  ab out 2 to  6 /x in  diam eter, 
w ith  transverse or ob liq ue sieve-plates. T he m edullary rays are clearly  
defined  and are usually  on e or tw o cells w ide (F ig . 3, D ).

T he X y l e m  is w ell-developed  and the con d uctin g  elem ents are radially  
arranged. T he com p on en t elem ents resem ble th ose  foun d  in  the m idrib  
o f  R. fruticosus2 to  a m arked extent. Tracheids, fibre-like tracheids and  
vessels are present, w hich  exh ib it annular, spiral, reticu late and  p itted  
th ick en in g s ; they are all lignified, and m easure ab ou t 8 to  50 ¡x in  diam eter  
(F ig . 3, A, B  and D ; F ig . 4, C ).

In  lon gitud inal sections, files o f  m icroclusters o f  calcium oxalate 
crystals ab ou t 3 to  10 ¡x in  diam eter are frequently seen  in  the parenchym a  
o f  the m eristele.

T he lateral veins exhib it sim ilar anatom y to  that o f  the m idrib, all 
features progressively d im in ish ing tow ards the m argin.

Transverse sections m oun ted  in  ferric ch loride so lu tion  exh ib it a dark  
green ish-b lack  co lora tion  in  the p h loem  and m edullary rays o f  the  
m er iste le ; the parenchym a b elow  the m eristele and the cortica l co llen 
ch ym a sh ow  a  w eak  reaction . T he m esop hyll o f  the lam ina  reacts 
strongly , but there is n o  reaction  in  the epiderm is.

( b ) R a c h is

T he rachis is ab ou t 6 to  14 cm . lo n g  and  2 to  5 m m . w id e ; prickles are 
prom inent through out the length  o f  the lateral and abaxial surfaces
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F ig . 3. Leaflet o f Rubus loganobaccus L. H . Bailey. A, transverse section of 
m idrib  o f term inal leaflet, cu t a t the  position  w (see Fig. 1, A) show ing absence of 
pericyclic fibres ; th is section is cu t th rough  a prickle. B, a sim ilar section cu t from  
an o th er leaflet, show ing pericyclic fibres. C, transverse section o f lam ina, inter- 
neural region. Z>; cen tral region o f  Fig. B. A and  B  x 20 ; C  and D, x 100. a, 
sta rch  ; c, covering trichom e ; chi, ch lorop last ; col, collenchym a ; cr, c luster crystal o f 
calcium  ox a la te ; cut, cu ticle; d. pal., double palisade; Le., lower epiderm is; m.r., 
m edullary ra y ;  m.xy., m etaxylem ; par, parenchym a; p.f., pericyclic fib re; phi, 
phloem  ; pr. scl., a rea  o f prickle sclereids ; p.xy., p rotoxylem  ; st, s tom a ; u.e., upper 
ep iderm is; xy, xylem ; xy.v., xylem  vessel.
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(F ig . I, A; F ig . 5, A). It is grooved  a lon g  the adaxial surface, par
ticularly in  the part betw een the lateral and term inal leaflets. T ransverse 
sections cut in  the upper part present an a lm ost oval outline apart from  
the groove (F ig . 5, B) w hereas th ose  cut in  the low er part are nearly  
circular (F ig . 5, C ). T he arrangem ent o f  the vascular system  in  the upper  
part resem bles that found  in  R. idaeus1, but sim ple variations from  this 
were observed in transverse sections cu t in the low er p a r t ; usually , 4  to

K. R. FELL AND J. M. ROWSON

F ig . 4. Leaflet o f Rubus loganobaccus L. H . Bailey. A, spongy m esophyll in surface 
view. B , elongated sclereids isolated by m aceration  of prickles. C, isolated 
elem ents obtained by m aceration  o f the  m idrib. All x 200. chi., ch lo rop last; f t . ,  
fibre-like tracheid  ; p., p it ; p.f., pericyclic fibre ; sp.t., end-portion  of a spiral tracheid  ; 
v, fragm ents o f annular, spiral, reticulate and pitted  vessels.

6 sm all m eristeles, 2 or 3 on  each  side, occur ab ove the central arc (F ig . 5, 
C ). Pericyclic fibres are generally abundant b elow  the p h loem  o f  all 
m eristeles (F ig. 5, B, C  and H).

T he E pidermis consists o f  cells having sim ilar structure to  th ose  o f  the  
epiderm is o f  the m idrib. T hey are heavily  cuticu larised , elongated  
longitud inally , and m easure ab out H  12 to  20 p , L ev B 16 to  40 p  and L ev  
L 20 to  140 p  (L ig. 5 ,  D, E  and H) ; stomata o f  the an om ocytic  type are 
present ; they are ellip tical in  shape and m easure ab out 40 p  in  length  and  
24 p  in  w id th  (F ig. 5 ,  D and E). Covering trichomes, generally  sim ilar in  
detailed  structure to those on  the low er surface o f  the m idrib, occur

480



ANATOMICAL STUDIES IN THE GENUS RUBUS. PART III

F i g . 5. R achis o f  Rubus logcmobaccus L. H . Bailey. A, rachis, denuded o f leaflets. 
B  and  C, transverse sections cu t a t the  positions indicated  in Fig. A. D, upper 
epiderm is o f rachis w ith g landular trichom e and stom a. E, low er epiderm is o f 
rachis w ith covering trichom e and stom a. F, transverse section of a  ridge bundle. 
G, isolated elem ents obtained by m aceration. H , transverse section th rough  central 
region o f rachis a t the  p o in t B, Fig. A. A, x i ;  B, x 20 ; C, x 12; D H, x 150. c, 
covering trichom e; chi, ch lo rop last; col, co llenchym a; cut, cu tic le ; f t . ,  fibre-like 
trac h e id ; g, g landular tr ic h o m e ; lat, po in t o f a ttachm en t o f lateral lea fle t; l.e., lower 
epiderm is; m.r., m edullary ra y ; m .xy . ,  m etaxylem ; p, p it;  par, parenchym a; p . f ,  
pericyclic f ib re ; phi, p h lo em ; pr, p rick le ; p.v., po rtion  of a segm ent o f a  p itted  vessel 5 

r.b., ridge b u n d le ; sp.v., fragm ent o f  spiral vessel; st, s to m a; r.t., end-fragm ent of 
reticulated trach eid ; t.b., trichom e b ase ; u.e., upper epiderm is; x y ,  xylem ; x y .  v., 
xylem  vessel.
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frequently, and th ose  o f  the b i-cellu lar type occur o cca sio n a lly ; they vary  
en orm ou sly  in  size— from  ab out 120 /x to  w ell over 1,500 p  in  length, and  
10 to  26 p  w ide at their bases. S om e trichom es are curled (F ig . 5, E). 
Glandular trichomes occur frequently on  the upper epiderm is and resem ble  
very c losely  those seen  on  the upper epiderm is o f  the m idrib (F ig. 5, D). 
T he prickles are generally larger than, but have sim ilar structure to  those  
o n  the low er surface o f  the m idrib (F ig . 5, A).

T he C o r t e x , like that o f  the m idrib, con sists o f  tw o  layers o f  tissue. 
There is an outer hypoderm al layer o f  collencyhyma, several cells w ide, 
sim ilar in character to  the corresponding layer o f  the m idrib ; the cells 
m easure ab out L  40 to  140 p ,  R  and T  12 to  46 p ,  and con ta in  ch loro-  
plasts, ab out 5 p  in  diam eter (F ig . 5, B, C and H). T he inner cortex  
is parenchymatous, con sistin g  o f  cells m easuring ab out L  30 to  150 p, 
R  and T 40 to  120 p ; they frequently p ossess finely p itted  w a lls ; occasion a l 
id iob lasts occur con ta in in g  sm all cluster crystals o f  calcium oxalate, ab ou t  
10 to  30 p  in  diam eter.

P e r ic y c l ic  F ib r e s  occur b elow  the arc o f  the m er iste le ; they m easure  
up to  several m m . in  length  and 10 to  25 p  in  d iam eter; they exh ib it thick, 
sm o o th  w alls, a variable lum en, and p oin ted  ap ices (F ig . 5, G).

T he vascular tissue o f  the central M e r is t e l e  is arranged in  a crescent 
and  in  general the structure o f  the vascular elem ents approxim ates closely  
to  those o f  the m idrib, except that th ose  o f  the rachis are all som ew hat  
larger. T he P h l o e m  con sists o f  groups o f  sieve-tubes ab out 80 p  lon g  
and 4 to  10/r w ide, frequently accom pan ied  by sm all rectangular or 
cu b ica l parenchym atous cells arranged in  longitud inal files, m any o f  w hich  
con ta in  m icroclusters o f  calcium oxalate ab out 8 to  10 p  in  diam eter. 
M edullary rays traverse the p h lo e m ; they are usually  on e or tw o  cells w ide  
an d  their cells o ften  con ta in  m inute starch grains ab out 4 p  in  diam eter. 
T h e X y l e m  is w ell-defined , the elem ents being  arranged in  radial row s. 
Its general structure resem bles that o f  the xy lem  o f  the m idrib ; b o th  
tracheids and vessels are present, exh ib iting annular, spiral, reticu late and  
pitted thickenings (F ig . 5, B, C, G and H).

T he fibrovascular bundles on  the adaxial side each  exh ib it sim ilar  
structure to  that show n  by the m ain  m eristele.

Transverse sections m ounted  in  ferric ch loride so lu tion  sh ow  a m arked  
green ish-b lack  co loration  in  the cortical co llenchym a and the paren
ch ym a o f  the m eristeles, due to  tannin.

( c )  St ip u l e s

T he paired stipules are adnate to  either side o f  the base o f  the rachis. 
T h ey  are ab out 10 to  20  m m . lo n g  and  1 to  2 m m . w ide, subulate or 
linear, and hairy (F ig . 1, A, F ig . 5, A  and Fig. 6, A).

E p id e r m a l  C e l l s  o f  both  upper and low er surfaces are sm all, elongated  
or po lygona l, and som etim es w ith  slightly w avy and slightly beaded  
an tic lin a l w alls, m easuring ab out H  12 to  30 p, L ev B 12 to  26 p  and L 20  
to  80 p. Stomata are present o n  b o th  su rfa ces; they are elliptical in  ou t
lin e and m easure ab ou t 30 p  in  length  and  20  p  in  w idth  (F ig . 6, D, E  and  
F). V ery num erous covering  trichom es occur, especially  on  the m idrib
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F i g . 6. Stipules o f Rubus loganobaccus L. H . Bailey. A, paired  stipu les a t  base o f 
rachis. B  and  D, transverse sections cu t a t  th e  position  D , F ig. A. C, prickle 
arising from  low er surface o f stipule. E, u p p e r epiderm is, show ing stom ata , also 
covering  and  g landular trichom es a t the  edge o f th e  epiderm is. F, low er epiderm is, 
show ing stom ata , also covering and g landu lar trichom es, one o f  th e  la tte r from  the 
edge o f  the  stipule. A , x l ; B  and  C , x A Q \ D , E  and  F, x 200. c, covering tr ic h o m e ; 
chi, ch lo ro p las t; cn, cane ; cr, cluster crystal o f  calcium  o xala te ; cut, cu tic le ; g, 
glandu lar trich o m e; l.e., low er ep iderm is; par.m., parenchym atous m esophyll; 
p . f pericyclic f ib res; phi, p h lo em ; pr, p rick le ; rac, ra c h is ; st, s to m a ; stp, s tip u le ; 
u.e., up p er ep id e rm is; vl, veinlet seen in longitud inal sec tio n ; xy, xylem.
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and around the edges o f  the s t ip u le s ; they possess the general characters 
o f  th ose  o f  the upper epiderm is o f  the leaflets, but vary greatly in  size, 
m easuring from  ab out 9 0 /x to  ab out 1 ,1 0 0 /x in  length , and ab ou t 10 to  
28 jix w ide at the bases (F ig . 6, E  and F). O ccasional glandular trichomes 
are present, o ften  occurring around the ed ges; they have the general 
character o f  those found  on the rachis and leaflets, but their stalks 
are som etim es uniseriate (F ig . 6, E  and F).

Very sm all, slender, e longated  poin ted  prickles were observed on  the 
upper and low er surfaces o f  the m idrib o f  som e o f  the stipules ex a m in ed ; 
they were from  0-5 to  1-25 m m . in  length  (F ig . 6, C).

T he M e s o p h y l l  has very sim ple structure, is undifferentiated and  
con sists o f  rounded  cells ab out 8 to  26 /x in  d iam eter; a lm ost all o f  these  
cells con ta in  ch lorop lasts, ab ou t 4 /x in diam eter. M any w idely  d is
tributed id iob lasts occur, con ta in ing  cluster or rosette crystals o f  calcium 
oxalate ab ou t 10 to  30 p. in  diam eter (F ig . 6, D).

T he V e n a t io n  is sim ple, con sistin g  o f  a central m idrib and very m inute, 
pinnate, secondary vein lets. T he m idrib con sists o f  a very few  lignified, 
m ainly spirally th ickened xylem  elem ents ab out 8 to 1 0 /x in d iam eter; 
there is but little ph loem . T he pericycle is evident, and here con sists o f  a 
few , lignified, sm ooth -w alled  fibres, usually  ab out 280 /x in length  and 8 /x 
in  d iam eter; these fibres are evident throughout the length  o f  the stipule  
(F ig . 6, D).

P o w d e r

A  N o . 60 pow der is green in  c o lo u r ; it has but little od our and a slightly  
astringent taste. W hen  som e o f  the pow der is m ixed  w ith  ferric ch loride  
so lu tion , a  greenish-black  co lour is observed.

T o  exam ine the pow der for structural features, it shou ld  be m ounted  
in  either 50 per cent glycerol so lu tion , so lu tion  o f  ch loral hydrate, or 
p hloroglucin  and hydroch loric acid. T he d iagnostic  characters o f  the  
pow der (F ig . 7 ) are as fo llow s.

N um erous straight, or slightly curved, lignified fragm ents o f  covering 
trichomes from the upper surface o f  the lamina, up to  ab ou t 45 /x w ide, 
apical fragm ents being  so lid , w hilst basal fragm ents are h o llow  and pitted  
w ith  sim ple p its; spiral m arkings are v isible on  som e o f  these hairs but 
are n o t particularly p rom inent; curled fragm ents o f  covering trichomes 
from  the lower surface o f  the lamina, up to  ab out 30 /x w ide, w hich  stain  
on ly  feebly , or n ot at all, in  m ounts m ade w ith  p h loroglucin  and hydro
ch loric acid (unless the pow der is previously  treated w ith  e th e r ); num erous  
fragments o f  the lamina, sh ow ing a transverse sectional view , ab out 100 /x 
thick, w ith  a double palisade layer in  w hich there are rounded id iob lasts, 
each con ta in ing  a cluster crystal o f  calcium  oxalate ab out 14 to  36^, in 
diam eter; particles sh ow ing in  surface v iew  the slightly w avy-w alled , 
beaded  cells o f  the upper interneural epidermis o f  the lam ina and usually , 
im m ediately  beneath  it, the palisade w ith  its id io b la sts ; fragm ents show ing  
the lower interneural epidermis con sistin g  o f  w avy-w alled , o ften  slightly  
beaded cells w ith  scattered an om ocytic  stom ata  and cicatrices o f  tr ich o m es; 
fragm ents o f  the veins sh ow ing  sm all, lignified vascular elem ents sh ow ing
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annular, spiral, reticulate and pitted th ickenings, and occasion a l files o f  
sm all parenchym atous cells con ta in ing  m icroclusters o f  calcium oxalate ; 
fragm ents o f  the prickles con sistin g  o f  e longated , lignified sclereids w ith  
sim ple, linear p its ; in frequent fragm ents o f  glandular trichomes con sistin g  
o f  a m ulticellu lar, b iseriate stalk , and a m ulticellular, subspherical, 
glandular head about 60 to  70 p, in  diam eter.

P O W D E R

F i g . 7. Pow der o f the leaf o f Rubus loganobaccus L. H . Bailey. All x 200. c, 
covering trichom e; g, isolated head of a g landular trichom e; lam, fragm ent o f lam ina 
in transverse section, show ing upper and lower epiderm ises, idioblasts w ith cluster 
crystal o f  cacium  oxalate, double palisade and  spongy m esophy ll; l.e.l., lower 
epiderm is o f  lam in a; l.e.m., low er epiderm is o f  m id rib ; m.cr., files o f m icrocluster 
crystals o f calcium  oxalate, ad jacent to  phloem  tissue; pal, palisade; p . f ,  fragm ents 
o f pericyclic fibres; phi, ph loem ; scl, sclereid o f p rick le ; sp.t., fragm ent o f spiral 
trach eid ; st, s to m a; t.b., trichom e b ase ; tom, fragm ent o f  curled, covering trichom e 
from  tom entum  o f low er epiderm is o f la m in a ; u.e.l., upper epiderm is o f lam ina.

Sum m a ry  of  t h e  A n a to m ic a l  C h a r a c ter s  of  th e  L eaf

1. T he epiderm ises o f  the leaflets are characteristic. T he upper 
epidermis con sists o f  cells w ith  slightly w avy, beaded anticlinal w alls, and  
bears scattered, unicellular, lignified covering trichomes w ith  acute, so lid  
apices and thickened, p itted  bases. T he lower epidermis con sists o f  cells 
w ith  slightly beaded , w avy anticlinal w alls, and bears curled, covering 
trichomes in  sufficiently large num bers that they form  a virtual to m en tu m ;
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these trichom es can  be sh ow n  to  be lignified on ly  by  first soak ing  in  ether  
for  several hours, before testin g  w ith  ph lorog lu cin o l and h ydroch loric acid. 
Glandular trichomes are present o n  the upper epiderm ises o f  m idribs and  
secondary v e in s ; they con sist o f  a  m ulticellu lar, biseriate sta lk  o f  about 
5 to  8 cells in  length , and  a m ulticellu lar, subspherical, glandular head  
ab ou t 60 to  70  p  in  diam eter. Stomata, o f  the an om ocytic  type, occur in  
the low er epiderm is on ly , and  are ova l in  outline.

2. T he lamina o f  the leaflet is th in  and dorsiventral, w ith  a w ell- 
d eveloped , double palisade in  w hich  are rounded  id iob lasts, each con ta in 
ing a cluster crystal o f  calcium oxalate.

3. T he m idrib  o f  the leaflet con ta ins a  m eristele con sistin g  o f  a  xylem  
com p osed  o f  lign ified  tracheids and  vessels w h ich  exh ib it annular, spiral, 
reticu late and  p itted  th ickenings, a  phloem con sistin g  o f  sim ple sieve tubes  
w ith  transverse or ob liq ue sieve-p lates, and row s o f  parenchym atous cells 
arranged in  lon g itud ina l files, each  cell con ta in ing  a m icrocluster o f  
calcium oxalate.

4. Prickles o f  the m idrib and  rachis are com p osed  o f  lignified, e lo n 
gated  sclereids w ith  th ick  w alls exh ib iting linear p its.

5. L ignified pericyclic fibres are abundant, a lw ays occur in  the rachis, 
but occasion a lly  occur a lso  in  the m idribs o f  leaflets.

6. T h e arrangem ent o f  the vascular bundles in  the rachis is som ew hat 
in term ediate betw een  that observed  in  the case o f  R. idaeus and  that in  
R. fruticosus2. There are usually  tw o  sm all ridge m eristeles in  the upper  
part o f  the rachis, and  usually  from  4  to  6 in  the low er part.

D is c u s s io n

It is seen  that the m orp h olog ica l and  an atom ica l characteristics o f  the 
leaves o f  R. idaeus L ., R. fruticosus L . and R. loganobaccus L . H . Bailey  
are sim ilar in  m ost general respects, bu t there are differences in  detailed  
structures, som e o f  w h ich  are d iagnostic  pharm acognostica lly . A  fuller  
d iscussion  o f  the com m on  and  differential characters o f  these leaves, a lso  
leaves o f  (a ) other species o f  bram ble and (b) cu ltivated  varieties o f  
R. idaeus and  R. loganobaccus w ill b e presented  in  a later co m m u n ica tio n ; 
the fo llow in g  characters serve to  d istingu ish  leaves o f  R. loganobaccus 
from  th ose  o f  the tw o  species described  earlier1'2 :—

1. M ost d iagnostic  are the covering trichomes o f  the lower epidermis 
o f  the lamina, w hich  are som ew h at in term ediate in  character betw een  
th o se  o n  the low er epiderm ises o f  the leaves o f  R. idaeus and  R. fruiticosus. 
T h ey  are 300 to  400  p  lo n g  and form  a virtual tom entum  w hich  is, how ever, 
by n o  m eans as dense as that foun d  in  the case o f  R. idaeus. L ignification  
can  b e dem onstrated  on ly  w ith  p h loroglu cin  and hydroch loric acid  after 
prelim inary treatm ent w ith  ether or ch lora l hydrate so lu tio n ; this fact 
affords further d ifferentiation  from  leaves o f  R. idaeus, w here the corres
p on d in g  trichom es are unlignified, a lso  from  th ose  o f  R. fruticosus, w here 
they  give a p ositive reaction  for lign in  w ith ou t difficulty.

2. T he covering trichomes o f  the upper epidermis o f  the lamina resem ble, 
in  general, th ose  in  the ana logous p o sition  in  the other tw o  species, but
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frequently sh ow  a greater m axim al length— up to  1,400 ¡x in  specim ens 
exam ined , com pared  w ith  a  m axim um  o f  ab ou t 500 /x in  the case o f  
R. idaeus, and  1,000 /x in  the case o f  R. fruticosus.

3. T he epidermal cells o f  the interneural lamina (b o th  upper and  
low er) sh ow  a  very w ell-m arked  beaded  effect ; th is is n o t seen  on  leaves  
o f  R. idaeus, and  on ly  slightly on  th ose  o f  R. fruticosus.
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The effect o f  sodium metabisulphite, 750 p.p.m. as S 0 2, in the drinking 
water, has been studied through three generations o f rats in experi
ments lasting for nearly 3 years. The metabisulphite was without effect 
on growth, the intake o f food and fluid and the output o f  faeces. It 
did not influence fertility, the weight o f  the newborn or lactation: 
neither did it increase the frequency with which tumours developed.

It  is w ell k now n  that su lph ite reacts w ith  aneurine1 and that the su lph iting  
o f  foodstu ffs reduces their aneurine activity2-3. T his a lone, how ever, 
can n ot fully  exp lain  the effects observed  by F itzhugh , K n ud sen  and  
N elso n 5 in  the course o f  the on ly  published  long-term  investigation  o f  the  
tox ic ity  o f  a su lphited  diet. T h ese w orkers fed a partially  syn thetic d iet 
to  you n g  rats for periods o f  12 w eeks or 1 year and observed the effects 
o f  m ixing sod ium  b isu lph ite w ith  the food  on  the grow th  and health  o f  
the an im als. T he addition  o f  0-1 per cent sod ium  b isulphite, 615 p .p .m . 
as S 0 2, produced  m ultip le h istopatho log ica l changes, on ly  som e o f  w hich  
w ere reduced in incidence or severity by the b i-w eek ly in jection  o f  100 /¿g. 
o f  aneurine per rat. D eficiency o f  aneurine w as therefore n o t the full 
exp lanation  o f  the findings. T he present w ork  is a first step  in  the search  
for additional causes o f  the long-term  tox icity  o f  su lph ite. W e have  
exam ined  the tox icity  o f  sod ium  m etabisu lphite itself, and have adm in is
tered it in  the drinking w ater to  prevent prior in teraction  betw een  the 
m etabisulphite and the constituents o f  the diet. T he experim ents have  
extended  over three generations o f  rats.

M e t h o d s

E leven m ale and 39 fem ale new ly w eaned rats, n o t differing in  age by  
m ore than  5 days, and o f  a  uniform  strain  bred for cancer research by the 
C hester B eatty R esearch  Institu te, L on d on , received individual earm arks 
for iden tification  and w ere divided  at random  in to  three groups. E ach  
group  contained  13 fe m a le s : there w ere in  addition  5 m ales in  group  I and  
6 m ales in  group  II. T he anim als o f  different groups and the sexes were 
segregated . A ll w ere kept in  standard cages o f  B o o t’s type, n o t m ore  
than  7 in  a cage, in  the sam e room  under sim ilar con d itions o f  lighting  
and hum idity, at a tem perature m aintained  w ith in  the range o f  21-5° to  
24-5°.

Solid diet. A ll rats received cube d iet 41 b o f  Stein in  w ire baskets. 
A  typical sam ple o f  this d iet w as assayed  for us by V itam ins Ltd. and  
w as foun d  to  conta in  3-1 fxg. o f  aneurine per g.

Fluids. A ll rats drank freely from  graduated bottles. T h ose o f  group  
I w ere provided  w ith  tap w ater, th ose  o f  group II received tap water 
con ta in ing  sod ium  m etabisu lphite equ ivalent to  750 p .p .m . S 0 2, and  
th ose  o f  group  III tap w ater con ta in ing  m etabisu lphite equ ivalent to  
375 p .p .m . S 0 2. C alcu lated  w eights o f  sod ium  m etabisu lphite assayed
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for S 0 2 equivalent w ere added to  tap  w ater daily to  y ield  so lu tions  
equ ivalen t to  750 p .p .m . S 0 2. T he so lu tion s con ta in ing  375 p .p .m . S 0 2 
were in itia lly  prepared every other day. O nly later w as it found  that the 
S 0 2 con ten t o f  these had  dropped  by nearly 20 per cent in  48 hours, so  that 
the fem ale rats o f  group  III had received on ly  90 per cent o f  the S 0 2 
in tended  in  the period  before their first m ating. Thereafter all so lu tions  
o f  m etabisu lphite w ere prepared daily, and were foun d  to  deteriorate in  
S 0 2 con ten t by approxim ately 10 per cent in  the 24 hours before a fresh  
so lu tion  w as provided.

Estimation o f  growth rate. E ach  rat w as w eighed tw ice w eekly. Curves 
relating b ody  w eigh t in  g. to  age in  days were foun d  to  be linear from  the  
tim e o f  w ean ing to  the 70th to  80th day o f  life for both  m ales and fem ales. 
R ates o f  grow th  w ere therefore expressed  as the slop es o f  these lines. 
Standard statistical m ethods, based  on  the norm al curve o f  d istribution  
w ere used  to  com pare the rates o f  grow th o f  rats o f  the sam e sex w hich  
had received different drinking fluids since the m ales and fem ales were 
foun d  to  con stitu te  tw o  different p opu la tions in respect o f  grow th, each  
h om ogeneous w ith in  itself.

Estimation o f  food intake, fluid intake and faecal output. T he daily  
fo o d  con su m p tion  o f  the rats in  each  cage w as m easured as the loss in  
w eigh t o f  the fo o d  basket in  24 hours and w as expressed  in  g./lOO g. 
w eigh t o f  rat per day. T he bottles con ta in ing  the drinking fluid were 
graduated  at 5 m l. intervals. F lu id  con su m p tion  w as therefore m easured  
daily  to  the nearest 5 m l. and w as expressed  as m l. fluid drunk per 100 g. 
w eight o f  rat per day.

T he faeces produced  in  a cage were sifted from  the saw dust, tw ice  
w eekly , through  a N o . 6 sieve. T he w eigh t o f  faeces produced w as  
expressed  as a percentage o f  the w eight o f  fo o d  eaten  in  the corresponding  
period.

M ean  values for the con su m p tion  o f  fo o d  and fluids and for the ou tput 
o f  faeces, and the standard errors o f  these m eans w ere obtained  for the  
rats o f  each  sex in  each  group, and the corresponding m ean  values for  
con tro l and su lph ite treated rats were com pared  by m eans o f  t tests.

Tests o f  ability to reproduce. T he 50 rats w ith  w hich  the experim ent 
began  were designated  G eneration  I. M ale and fem ale rats from  group II, 
G eneration  I, w hich  had  been  treated w ith  su lph ite (750 p .p .m . S 0 2) for  
11 w eeks w ere paired and each pair w as left to  run in a separate cage for a 
w eek. M ales and fem ales from  con tro l group  I, G eneration  I, were 
sim ilarly  paired and m ated . I f  n o  litter resulted from  the first m ating  
period , a  second  period  o f  2  w eeks w as a llow ed. T he litters resulting  
from  these m atings o f  G eneration  I constitu ted  G eneration  II (i). 
N ew b orn  rats w ere w eighed  individually  and the six heaviest were re ta in ed ; 
this w as to  reduce the burden o f  suck ling for the m other. W eaning w as 
effected  20 to  25 days after birth, w hen  the new ly w eaned w ere segregated  
accord ing  to  sex. S ix to  8 w eeks after the birth o f  G eneration  II (i), the  
sam e pairs o f  rats from  G eneration  I w ere again  m ated , a llow ing  n ot  
m ore than  tw o periods each  o f  2  w eeks duration : the resulting litters 
con stitu ted  G eneration  II (ii).
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T he m em bers o f  G eneration  II (i) w ere paired and  m ated  w ith in  their  
d ose  groups w hen  they  had attained  their p lateau  w eigh ts. N o t  m ore  
than  tw o  periods o f  2 w eeks were a llow ed  for this purpose. T he litters  
so  produced  con stitu ted  G eneration  III . T h ey  w ere w eaned  21 days 
after birth. A ll the you n g  w ere retained  for suck ling tests in  G eneration  
II (ii) and  G eneration  III.

Postmortem and histological examinations. W eighed  rats w ere k illed  
w ith  ether. T he heart, lungs, liver, sp leen , adrenals, testes or ovaries, 
sem inal vesicles or uterus, and the k idneys, w ere rem oved  and w eighed . 
Parts o f  these, the stom ach , ileum , co lon , a  gastrocnem ius m uscle and a  
sciatic nerve w ere fixed in  form ol saline for n o t less than three days before  
they w ere b locked  in  paraffin. B y routine, a ll sections w ere stained  in  
E hrlich’s haem atoxylin  and eosin  except for th ose  o f  sciatic nerve for  
w hich  a m odified  W eigert-P al technique w as used  w ith  1 per cent neutral 
red as the counter stain .

MARY F. LOCKETT AND I. L. NATOFF

R e s u l t s

S odium  m etabisu lphite has been  added  to  the drinking w ater o f  rats 
throughout an  experim ent lasting for 2 \  years and extend ing over three  
generations o f  an im als. T h e concentrations o f  m etab isu lph ite used  
corresponded  to  350 and 750 p .p .m . SO a. O bservation  has b een  m ade  
o f  the effect o f  these concentrations o f  m etabisu lphite on  grow th, fo o d  
con su m p tion , fluid in take, faeca l ou tput, reproduction , lacta tion  and  the  
incidence o f  tum ours. W ater drinking rats o f  G eneration  II w ere derived  
from  experim ental m atings betw een  w ater drinking rats o f  G eneration  I. 
Sulphite treated rats o f  G eneration  II w ere the product o f  experim ental 
m atings betw een  rats o f  G eneration  I w hich  had received su lph ite (750  
p .p .m . as S 0 2) in  their drinking w ater from  the start o f  the experim ent, 
throughout m ating, pregnancy and  lactation , and u ntil they  w ere su b 
jected  to  h isto log ica l exam ination . R ats o f  generation  III were sim ilarly  
derived from  G eneration  II.

The Effect o f  Metabisulphite in the Drinking Water on Growth
C urves relating b od y  w eigh t in  g. to  p ostn ata l age in  days w ere linear  

for this strain o f  rats from  shortly  after w ean ing u ntil the 8th to  12th w eek  
o f  l i f e ; then , rather abruptly, as the an im als m atured sexually, the curves 
flattened to  a p lateau  o n  w hich  grow th  advanced  on ly  slow ly . It w as  
therefore p ossib le  to  m easure the grow th  rate o f  each  an im al as the slop e  
o f  the steep  part o f  this curve, and to  com pare the grow th  rates o f  w ater 
drinking and su lphite-treated  an im als in  each  generation  by m ean  slop es  
(T able I, co lu m n  4). M ales and fem ales have been  entered separately  
since the m ales grew  the faster. T here w as n o  significant d ifference 
betw een  the grow th  rates o f  the w ater drinking rats and  th ose  w hich  
received su lph ite in  their drinking w ater in  any generation , but the grow th  
rate o f  the stock  as a  w hole accelerated  from  one generation  to  the next. 
This w as m ore m arked am ongst the fem ales, and w as accom pan ied  by  
shorten ing o f  the steep linear part o f  the curve relating b od y  w eigh t to  
tim e. T hus, w hereas fem ale rats o f  G eneration  I grew  rapidly for the
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first 80 days o f  life , those o f  the third generation  reached the end o f  this 
p hase in  60 days. T he p lateau  w eights o f  the stock  (T able II)  did n o t alter 
significantly. There w as n o  significant difference betw een  the adult 
w eights o f  w ater drinking and su lph ite drinking m ale rats in  any genera
tion . By contrast, the fem ale su lph ite drinking rats o f  G enerations II 
( ii)  and III grew  at a  norm al rate (T able I) but m atured m ore rapidly than  
the w ater drinking con tro ls, so  that the p lateau w eights o f  the su lphite  
drinking fem ales w ere significantly low er than  th o se  o f  the w ater drinking  
fem ales in  the third generation , (r calc. =  2-5, w here n =  15: P  =  < 0 -0 5 ) .

MARY F. LOCKETT AND I. L. NATOFF

T A B LE II
C o m p a r iso n  o f  t h e  w e ig h t s  o f  f u l l  g r o w n  r a t s  o f  t h e  f ir s t , s e c o n d  a n d  t h i r d
GENERATION TREATED AND UNTREATED WITH METABISULPHITE IN THE DRINKING WATER

Generation Treatment
Mean body weight in g. — S.E.

Male Female

I Water
S 0 2 375 p.p.m.

530-0 +  20-2 (5)* 301-7 ±  9-4(12)* 
313-9 ±  8-7(13)

S 0 2 750 p.p.m. 471-7 ±  27-1 (6 ) 295-4 ±  9-2(13)
n  © Water 498-2 ±  28-4(11) 320-0 ±  7-6 (8 )

S 0 2 750 p.p.m. 430-5 ±  24-0(11) 310 0 ±  10-5 (7)
(ii) Water 353-3 ±  9-3 (3)

S 0 2 750 p.p.m. 494-3 ±  21-3 (7) 295-8 -l- 7-5 (13)
III Water 442-5 ±  10-7 (10) 287-2 ±  5-7 (9)

S 0 2 750 p.p.m. 428-0 ±  17-3 (5) 269-4 -  5-5 (8 )

*  Number o f animals.

The Effect o f  Metabisulphite in the Drinking Water on the Consumption 
o f  Food and Fluid

T he sp ontaneous in take o f  food  w as unaffected  by the addition  o f  
m etabisulphite (to  750 p .p .m . as S 0 2) to  the drinking w ater (T able I, 
co lum n  5) throughout three generations.

T h e fem ale rats o f  the first generation  w hich  received  m etabisulphite  
(750  p .p .m . as S 0 2) in  their drinking w ater had a significantly higher 
fluid  in take than  did th o se  rats o f  the sam e generation  w hich  drank only  
w ater (t calc. =  2-3, n — 42, P  =  <  0-05), but this difference w as not 
m aintained  am ongst the fem ales o f  later generations and w as absent 
th rough out am on gst the m ales (T able I, co lum n  6).

T here w as a progressive increase in  the con su m p tion  o f  fo o d  and o f  
flu id  from  generation  to  generation  in  the stock  as a  w hole, so  that rats 
o f  the third generation  ate and drank tw ice as m uch  during rapid grow th  
as did  th ose  o f  the first generation . This difference can  be correlated  
w ith  the steady increase in  the grow th  rate o f  the stock  (see ab ove).

The Effect o f  Metabisulphite in the Drinking Water on the Output o f  
Faeces

T he net w eights o f  faeces excreted by each  group  o f  rats expressed as a 
percentage o f  the w eigh t o f  fo o d  eaten  during the period  o f  faecal co llec
tion , fo llow ed  by the standard errors o f  the m eans, are show n  in  T ab le I, 
co lu m n  7. T here w as no  difference for the values for n orm al m ale and  
fem ale rats, or betw een the generations. T he on ly  difference appearing  
betw een  com parable groups o f  w ater drinking and su lphite-treated  anim als
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w as am ongst the fem ales o f  G eneration  III, w here m ean  percentage foun d  
for the su lph ite-drinking fem ale sign ificantly exceeded  that for the group  
o f  w ater drinking con tro ls (t calc. =  2-2, n =  11, P  =  <  0-05). T his 
difference m ay have reflected  a greater w ater con ten t in  the stoo ls  or a  
lesser degree o f  d igestion  or ab sorp tion  o f  foodstu ffs by  the groups  
receiving su lph ite (750 p .p .m . as S 0 2) in  the drinking w ater: in  either  
case greater than  norm al speed  o f  passage through  the in testines is 
indicated .

The Effects o f  Metabisulphite in the Drinking Water on Fertility 
T he fertility  o f  su lph ite-treated  an im als w as com pared  w ith  that o f  

con tro l an im als by com paring  the num ber o f  p eriods paired an im als had  
to  b e run together to  produce pregnancies and the num ber o f  you n g  per

TA B LE III
T h e  e f f e c t  o f  m e t a b is u l p h it e  (750 p .p .m . a s  S 0 2) i n  t h e  d r i n k i n g  w a t e r  o n

THE REPRODUCTION OF RATS

S u lp h ite - tre a te d  ra ts C o n tro l  ra ts

G e n e ra t io n  I
F ir s t  re p ro d u c t io n  te s t

N u m b e r  o f  m a tin g s  r e q u ire d /li t te r  
N u m b e r  o f  y o u n g /l it te r  . .
N u m b e r  s u rv iv in g  la c ta t io n /l i t  te r  (s ix  o n ly

1-2 ±  0-20 (5) 
12-6 ±  2-04 (5)

1-5 ±  0-07 (6) 
10-7 ±  1 -6 6 (6 )

r e tu rn e d  to  e a c h  m o th e r) 3-6 ±  1 1 7  (5) 4-5 ±  1 -1 2 (6 )
S eco n d  re p ro d u c t io n  te s t

N u m b e r  o f  m a tin g s  r e q u ire d /l i t te r  
N u m b e r  o f  y o u n g /l it te r  . .
N u m b e r  s u rv iv in g  la c ta t io n /l i t te r  (a ll th e  y o u n g

1 0  ±  0  00 (3) 
9-0 ±  0-58 (3)

1-0 ±  0 -0 0 (2 )  
10-5 ±  1 -5 0 (2 )

w ere  re ta in e d )  . . 6-7 ±  1 -5 0 (3 ) 2-5 ±  0-50 (2)
G e n e ra t io n  I I

S in g le  re p ro d u c t io n  te s t
N u m b e r  o f  m a tin g s  re q u ire d /li t te r 1-3 ±  0-33 (3) 1-3 ±  0-33 (3)
N u m b e r  o f  y o u n g /l it te r  . . 8-3 ±  2-85 (3) 14-6 ±  2-19 (3)
N u m b e r  su rv iv in g  la c ta t io n /l i t te r 4-3 ±  3-38 (3) 6-3 ±  3-48 (3)

A ll re su lts  a r e  e x p ressed  as  m e an s  ±  S .E . (n u m b e r  o f  p reg n an c ie s ) .

litter. T able III show s that there w as no  difference in  the num bers for the  
su lph ite-treated  and con tro l pairs o f  G eneration  I. T he you n g  o f  fitters 
from  the first m ating  o f  G eneration  I w ere w eighed  w ith in  24  hours o f  
birth, and  on ly  six  you n g  w ere returned to  each  m other. Six to  8 w eeks  
after the birth  o f  the first fitter (G eneration  II, ( i))  som e o f  the sam e pairs 
o f  rats from  G eneration  I w ere rem ated. A ll the you n g  born  rem ained  
w ith  the m others and w ere n o t handled  for the first w eek  o f  life (G enera
t io n  II (ii)) . R ed uction  in  the h and ling  o f  the you n g  did n o t increase the  
p rop ortion  o f  those surviving lactation . T he ch ie f cause o f  lo ss  w as  
cannibalism  by the m other. This w as m o st m arked am on gst the w ater  
drinking an im als.

A  sim ilar fertility  test w as m ade u sin g  rats o f  G eneration  II (i). A ga in  
there w as no  significant difference for rats o f  these tw o  groups. A ll the 
you n g  w ere w eighed  w ith in  24 hours o f  b irth, and  w ere returned to  their  
m others. T he p rop ortion  o f  the you n g  surviving to  the end  o f  lactation  
did n o t differ significantly betw een  con tro l and  su lph ite-treated  anim als. 
T h e w eigh ts o f  the you n g  are com pared  in  T ab le IV . A  significant differ
ence appears (P  =  <  0-05) betw een  the tw o  groups o f  y ou n g  at birth
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after the first m ating  o f  G eneration  I, but this does n o t recur in  the larger 
sam ples o f  you n g  b orn  to  G eneration  II (i).

T he grow th  o f  the y ou n g  during the first ten days d id  n o t differ for  
su lph ite-treated  and con tro l anim als either in  the first reproduction  test on  
G eneration  I or in  the reproduction  test on  G eneration  II (i). A n  
apparent difference sh ow n  in  the second  test on  G eneration  I sh ou ld  be  
attributed  to  a failure o f  lacta tion  in  the con tro l w ater drinking anim als 
(T ab le IV ).

The Effect o f  Metabisulphite in the Drinking Water on the General Health 
o f  Rats

T he general health  o f  the con tro l and su lph ite-treated  an im als rem ained  
excellen t throughout the first 9 m onths o f  the experim ent. O ccasional

MARY F. LOCKETT AND I. L. NATOFF

T A B LE IV
T h e  e f f e c t  o f  m e t a b i s u l p h i t e  i n  t h e  d r i n k i n g  w a t e r  s u p p l i e d  t o  r a t s  o n  t h e

Y O U N G  B O R N  T O  TH EM

T re a te d  r a ts  
750  p .p .m . as S 0 2 C o n tr o l  r a ts

G e n e ra t io n  I
F ir s t  te s t

W e ig h t o f  n e w b o rn  in  g . . .  
W e ig h t o f  y o u n g  a t  10 d ay s  in  g.

7-2 ±  0-23 (23) 
2 T 2  ±  1-97 (11)

5-8 ±  0 1 4  (14) 
19-6 ±  1-64 (6)

S e c o n d  te s t
W e ig h t o f  y o u n g  a t  10 d ay s  in  g. 

G e n e ra t io n  I I  (i)
20-2 ±  0-50 (24) 14-1 ±  1-46 (6 )

W e ig h t o f  n e w b o rn  in  g. 6-7 ±  0 -1 2 (2 5 ) 6-4 4- 0-11 (44)
W e ig h t o f  y o u n g  a t  10 d ay s  in  g. 19-8 ±  0 -9 2 (1 5 ) 20-2 ±  1-27 (23)

A ll re s u lts  a re  m e a n s  ±  S .E . (n u m b e r  o f  an im a ls) .

snuffles and sticky eyes d eveloped , but these w ere as frequent am ongst the  
con tro ls  as the experim ental anim als.

A n  ep idem ic respiratory in fection  broke ou t in  the ten th  m on th  o f  the  
trial. T h is k illed  som e o f  the rats o f  the first generation , but nearly all 
o f  th ose  o f  the second  and third generations recovered. Incidence o f  
in fection  w as spread evenly  betw een  the con tro l and su lphite-treated  
an im als. T he latter cou ld  n ot, therefore, be cla im ed  to  sh ow  either  
increased  or decreased susceptib ility  to  th e  in fection . There were as m any  
d eaths am ong  the con tro l as am ong  the experim ental anim als.

Postmortem and histological findings. F our or five rats were selected  
a t random  from  each  group  in  G eneration  I for  postm ortem  and h isto 
lo g ica l exam ination  o f  their organs a few  days after the on set o f  the respir
a tory  in fection  in  the ten th  m on th  o f  the experim ent. M etab isu lph ite  
treatm ent w as m aintained  through out the in fection  and thereafter. A ll 
survivors o f  the ep idem ic w ere k ept until they  had  either reached 2 years 
o f  age or developed  a w ell estab lished  tum our, then  they  w ere k illed  and  
exam ined .

There w ere n o  significant differences betw een  the b od y  w eigh ts o f  rats 
k illed  at 10 m onths and  at 2  years o f  age. T herefore the w eights o f  all 
anim als subjected  to  p ostm ortem  exam in ation  are sh ow n  together in  
T ab le  V  com bined  accord ing to  the treatm ent they had  b een  given. T he
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drinking o f  sod iu m  m etab isu lph ite so lu tion  (750 p .p .m . S 0 2) throughout  
life  affected neither the w eights o f  the rats (T able V ) nor the percentage o f  
th e  w eigh t con tributed  by  the various organs (T able V I).

There w as n o  ev idence o f  clin ica l po lyneuritis before death , nor were 
sp ectacle eyes, b lanching o f  the in cisor teeth , or brow ning  o f  the uteri 
ev ident in  an im als w hich  had received  750 p .p .m . S 0 2 in  their drinking  
w ater. T h ese changes were described  by F itzhugh , K nudsen  and N e lso n 5 
in  rats fed so lid  diets con ta in ing  sulphite.

STUDY OF THE TOXICITY OF SULPHITE. I

T A B LE V
P o st m o r t e m  w e ig h t s  o f  a d u l t  r a t s  i n  g .

Drinking fluid supplied throughout life

Sex Water Solution o f sodium metabisulphite

375 p.p.m. S 0 2 750 p.p.m. SOa

Females .. 409 ±  131 360 ±  25-5 408 ±  100
(2 0 )* ( 1 0 ) (2 2 )

Males 636 ±  26-1 __ 599 ±  23-3
(13) (18)

*  Number o f animals

T A B LE VI
P o s t m o r t e m  w e ig h t s  o f  t h e  o r g a n s  o f  a d u l t  r a t s  e x p r e s s e d  a s  m e a n  p e r c e n t a g e

BODY WEIGHT ±  S.E.

Drinking fluid supplied throughout life

O rg a n W a te r S o lu tio n  o f  so d iu m  m e ta b isu lp h a te

375 p .p .m . S O a 750 p .p .m . S O j

F emales
Liver 4-1 ±  0-15 (20)* 3-8 ±  0-23 (10)* 3-8 ± 0 - 1 3  (22)*
H e a r t 0-45 ±  0  06 (20) 0-52 ±  0-05 (10) 0-48 ±  0-02 (22)
S p leen 0-45 ±  0  08 (20) 0-38 ±  0-05 (10) 0-31 ±  0-02 (22)
K id n ey s 0-91 ±  0  08 (20) 0-99 ±  0-64 (10) 0-86  ±  0  03 (22)
L u n g s 1 -48 -fc 0-28 (20) 2-08 +  0-84 (10) M 2  ±  0-19 (22)
A d re n a ls 0 03 ±  0-002 (20) 0-04  ±  0-004 (10) 0-03 ±  0-03 (22)
U te ru s 0-34 ±  0-03 (20) 0-21 ±  0-15 (10) 0-38 ±  0-08 (22)

M ales
L iv e r 3-40 ±  0-02 (13) — 3-30 ±  0-09 (18)
H e a r t 0-40 ±  0-03 (13) — 0-49 ±  0-04 (18)
S p leen 0-27 ±  0 01 (13) — 0-23 ±  0-01 (18)
K id n e y s  . . 0-92 ~t 0-08 (13) — 0-84 ±  0-02 (18)
L u n g s 0-84 ±  0-09 (13) — 1 0 2  ±  0-01 (18)
A d re n a ls 0  02  +  0 002 (13) — 0-014 ±  0 001 (18)
T e stes 0-73 ±  0 06 (13) 0-69 ±  0-06 (18)

*  Number o f animals.

H isto log ica l exam ination  w as m ade o f  the tissues o f  thirteen  fem ales  
and  four m ales from  each  group , w ater drinking and su lph ite drinking  
(750  p .p .m . as S O a), 10 m onths after the beginning o f  treatm ent. N o  
abnorm alities w ere foun d  in  the sp leens, adrenal g lands, stom achs, ileum s, 
co lo n s , gastrocnem ius m uscles, sciatic nerves, uteri or testes or in  the  
sem in al vesicles o f  any o f  these an im als. T he n ine cases o f  fo ca l nephtitis 
and  tw o  o f  c lou d y  sw elling o f  the liver w ere a lm ost even ly  d istributed  
betw een  su lph ite treated and co n tro l an im als. T h ese changes should  
m o st prob ab ly  be ascribed to  the in fection  prevalent at that tim e because
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there w as evidence o f  acute in fection  in  the lungs o f  every one o f  these  
anim als irrespective o f  their treatm ent group. N o n e  had developed  
tum ours.

T hirty-seven per cent o f  the 54 anim als kept for 2 years d eveloped  
tum ours. T he incidence w as higher am on g  the fem ales (44 per cent) than  
am ong  the m ales (27 per cent), and w as unaffected  by the addition  o f  
sod ium  m etabisu lphite (750 p .p .m . as S 0 2) to  the drinking water. O f 16 
fem ales drinking water, one developed  a lipom a, tw o had tum ours o f  
lym phoid  type, and three tum ours w hich  had arisen  from  the duct o f  a 
sebaceous gland. A m o n g  the 16 fem ales drinking su lph ite in  their w ater, 
three d eveloped  lym phoid  tum ours, four had  tum ours arising from  
sebaceous ducts, and one a fibroid. There were tw o lym phoid  tum ours, 
one duct tum our and one lip om a am ong  n ine untreated m ales ; tw o lym 
phoid  tum ours arose in  a group o f  13 su lph ite drinking m ales.

T he fu ll h isto log ica l exam ination  o f  the tissues o f  the 54 an im als kept 
for 2 years under test revealed no  abnorm alities o f  the sp leens, adrenal 
glands, ileum s, co lon s, gastrocnem ius m uscles, sciatic nerves, ovaries or  
testes, or o f  the uteri or sem inal vesicles, except w hen these were involved  
in  a grow th. T w enty-seven  cases o f  excess fat, three o f  c lou d y  sw elling  
and seven o f  infiltration  o f  the portal tracts in  liver were evenly  d istributed  
am ong the m ales and fem ales o f  b oth  con tro l and treatm ent groups. 
So were the 28 cases o f  chronic and seven o f  acute in fection  o f  lung. 
R enal scarring w ith o ld  nephron dam age w as found  in  nineteen  anim als  
o f  either sex, spread evenly over con tro l and treatm ent groups. H yaline  
degeneration  o f  heart m uscle w as confined  to  tw o  treated and tw o  un
treated m ales. T w o sm all acute gastric ulcers were foun d  in  w ater 
drinking m ales and one in  a su lph ite drinking m ale. Evidence o f  hyper
p lasia  o f  the gastric m ucosa, w hich  occurred w hen rats were fed a solid  
diet con ta in ing  650 p .p .m . S 0 25, w as absent.

D is c u s s io n

T he tox icity  o f  sod ium  b isulphite (615 p .p .m . as S 0 2) m ixed in  a so lid  
diet was on ly  in  sm all part prevented by b iw eek ly  in jection  o f  lOO^g. 
aneurine to  each  rat5. T he residual tox icity  cou ld  have been  due to  the 
su lph ite itse lf or to  the products o f  its in teraction  w ith  constituents o f  the 
so lid  food . T he first o f  these tw o p ossib ilities has n ow  been excluded  
because sod ium  m etabisu lphite (750 p .p .m . as S 0 2) in  drinking w ater has 
proved n on-tox ic  and the w eight o f  fluid drunk has exceeded that o f  diet 
eaten  by each generation  o f  rats.

This w ork  w as undertaken during the tenure, by I. L. N ato ff, o f  a 
studentship  for train ing in research, presented  by Carter and C o. L td ., 
w ho a lso  defrayed the expenses o f  the w ork.
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STUDIES IN THE FIELD OF DIURETICS

P a r t  III. S o m e  S y m m e t r ic a l  B e n z e n e - 1 ,3 - D is u l p h o n a l k y l a m id e s  

B y  B . G . B o g g ia n o , V . P e t r o w , O . St e p h e n s o n  a n d  A . M . W il d
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The symmetrical benzene-1,3-disulphonalkylamides described herein 
are found to be virtually devoid o f  carbonic anhydrase inhibiting 
activity. Certain dialkylamides nevertheless retain significant 
diuretic activity, which is consequently regarded as an intrinsic property 
o f the 1,3-disulphamylbenzene ring system and not as solely an expres
sion o f carbonic anhydrase inhibiting activity.

In  Part II o f  this series1 the preparation  o f  a  num ber o f  1 ,3-d isu lpham yl 
derivatives o f  benzene w as reported . M o st o f  these com p oun ds w ere  
found  to  sh ow  som e diuretic activ ity  in  the saline-loaded  rat w hen  
adm inistered  by m outh . F or reasons ou tlined  in  the earlier pub lication , 
5-ch loro-2 ,4-d isu lpham ylto luene (d isu lpham ide) w as selected  for further  
study.

In  the course o f  this w ork  it  w as foun d  that diuretic activ ity  in  this 
series w as n o t related in  sim ple m anner to  the carbonic anhydrase in
h ib iting activity in vitro. T h is observation  seem ed to  indicate that their  
diuretic properties stem m ed from  structural features active in their ow n  
right as w ell as from  ab ility  to  inh ib it the enzym e carbonic anhydrase. 
T o test this hypothesis a ttention  w as d irected  to  the related b en zen e-1,3- 
d isu lp h on a lk y lam id es; w hich  group  o f  com p oun ds w as expected  to  
p ossess negligib le carbonic anhydrase inhib iting activity by virtue o f  the  
substituents on  their su lpham yl groups2.

T he benzene-1 ,3-d isu lphonalkylam ides recorded in  T able I w ere  
prepared by standard m ethods in vo lv in g  reaction  o f  the appropriate  
disulphonchloride (cf.1) w ith  the am ine in  aqueous or a q u e o u s: eth ano lic  
so lu tion , or under anhydrous con d itions in  a variety o f  so lven ts. In  
m ost instances the use o f  a  tw o-p hase system , e .g ., carbon  tetrachloride  
or ch loroform  and w ater, led  to  readier con tro l o f  the reaction  and  
im proved  yields. P recautions w ere necessary in  th ose  reactions in  w hich  
a ha logen  atom , particularly brom ine or fluorine, w as situated  o- to  a  
su lphonch loride group, w hen the reaction  had to  be perform ed at lo w  
tem peratures using on ly  theoretical am ounts o f  am ine, otherw ise replace
m ent o f  the h a logen  a tom  by substituted  am ine readily occurred.

T he alkylam ides listed  in  T ab le I proved to  be, w ith ou t excep tion , 
essen tia lly  inactive ( <  than  1/5000 X acetazolam ide) as inhibitors o f  
carbonic anhydrase. Their diuretic study k ind ly  m ade by D r. A . D av id  
and  his co lleagu es, in  saline-loaded  rats, show ed  clearly the retention  o f  
significant activity in  the m ethylam ides and d im ethylam ides. Increase  
in  the size o f  the su lphonam ide alkyl substituent b eyon d  m ethyl led  to  
rapid d im inution  o f  diuretic activity, w hich  had  essen tia lly  disappeared in  
the 2 ,4 -d isu lphonbuty lam ides. R ep lacem ent o f  the ~ N H 2 m oiety  o f  th e
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sulpham yl groups by a heterocyclic radical likew ise led  to  a lm ost com plete  
lo ss  o f  d iuretic potency.

C om parison  o f  the diuretic activ ities o f  the 1,3-d isu lpham yl benzene  
derivatives described in  Part II w ith  their a lkylated  analogues recorded  
herein show ed  that alkylation  w as accom pan ied  alw ays by lo ss  o f  p oten cy  
an d  by  virtual disappearance o f  carbon ic anhydrase inh ib iting activity. 
Significant diuretic activity w as retained, how ever, b y  certain  m ethyl- 
am ides and d im ethylam ides (N o s . 5, 6, 9, 17, 18 and 46). T he hypothesis  
that 1 ,3-d isu lpham ylbenzene derivatives m ay be diuretically  active per se 
an d  independently  o f  their carbonic anhydrase inh ib iting properties m ay  
con sequ en tly  be regarded as proven.

T he authors thank M r. B. G . O verell and  M iss S. C ond on  for the  
carb on ic  anhydrase inh ib iting activ ities quoted  herein.

E x p e r im e n t a l

The fo llow in g  illustrate the preparative m ethod s involved .
5-Chlorotoluene-2,4-disulphonmethylamide. 5 -C h lorotoluene-2 ,4-d isu lph-  

onch lorid e (20 g .) w as added in  p ortions w ith  stirring and  co o lin g  b elow  
20° to  a m ixture o f  25 per cent w /v  aqueous m ethylam ine (100 m l.) and  
carbon  tetrachloride (100 m l). A fter the addition  w as com plete, stirring  
w as continued  for 15 m inutes at room  tem perature. T he p roduct 
(19 g .) w as co llected  and crystallised  from  eth an o l; m .p . 194—195°.

5-Methylaminotoluene-2,4-disulphonmethylamide. (a) T he foregoing  
com p ou n d  (15-6 g .)  w as d isso lved  in  33 per cent eth ano lic  m ethylam ine  
(50 m l.) and the so lu tion  heated  at ca. 60° for 10 hours w hen  excess o f  
am ine and so lvent w as b o iled  off. T he residual product had  m .p . 2 0 5 -  
206° after crystallisation  from  aqueous ethanol.

(b) 5-F luoroto luene-2 ,4-d isu lp hon ch loride (20 g .) w as added  in  por
tion s w ith  stirring and co o lin g  to  liqu id  m ethylam ine (100 m l.). T he  
excess o f  am ine w as a llow ed  to  evaporate overnight at room  tem perature. 
T he v iscou s residue w as d isso lved  in  h o t w ater and the so lu tion  acidified  
w ith  hydroch loric acid. T he product w hich  separated had  m .p . 2 0 6 -  
207° after crystallisation  from  aqueous eth ano l and w as iden tica l w ith  
that described in  (a).

Toluene-2,4-disulphonylaminoacetate diethyl ester. A  so lu tion  o f  
to luene-2 ,4-d isu lp hon ch loride (28-8 g .) in  ch loroform  (150 m l.) w as  
added  w ith  stirring and co o lin g  b elow  10° to  a m ixture o f  ethyl am ino-  
acetate hydroch loride (35 g .)  and  triethylam ine (50-5 g .) in  ch loroform  
(500 m l.) Stirring w as continued  for 30 m inutes after the addition  w as  
com p lete  then  excess o f  triethylam ine w as extracted  w ith  d ilu te hydro
ch loric acid. C oncentration  o f  the ch loroform  furnished the so lid  
product w hich  had  m .p . 103°— 105° after crystallisation  from  aqueous  
ethanol.

Fluorobenzene-2,4-disulphonmethylamide. T o  a stirred so lu tion  o f  
fiuorobenzene-2 ,4-d isu lphonyl ch loride (29-3 g .)  in  carbon  tetrachloride  
(120 m l.) w as added slow ly , w ith  co o lin g  to  0°, a  10 per cent aqueous  
so lu tion  o f  m ethylam ine (125 m l.). A fter the addition  w as com plete  
stirring w as continued  at 0° for 4  hours w hen  the aqueous layer w as
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separated  and acidified  w ith  concentrated  hydroch loric acid . T he  
product w hich  separated on  coo lin g  had  m .p . 144-145° after crystallisation  
from  water.

5-Methylaminochlorobenzene-2,4-disulphonmethylamide. 1 ,5 -D ich loro-  
b enzene-2 ,4-d isu lphonch loride (20 g .) w as added in  p ortions w ith  stirring  
and  co o lin g  b elow  30° to  a 30 per cen t aqueous so lu tion  o f  m ethylam ine  
(150 m l.) . Stirring w as continued  for 30 m inutes and excess o f  m ethyl- 
am ine w as b o iled  off. T he residual liquors w ere coo led  and acidified  
w ith  hydroch loric acid . T h e product (70  per cent y ie ld ), had  m .p . 213° 
after crystallisation  from  aqueous ethanol.
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THE ANTICONVULSANT PROPERTIES OF 2-METHYL-3-p- 
BROMOPHENYL-3H-4-QUINAZOLONE HYDROCHLORIDE 

(B.D.H. 1880) AND SOME RELATED COMPOUNDS

B y  C a m il l o  B ia n c h i  a n d  A l a n  D a v id  

From the Biological Laboratories, The British Drug Houses, Ltd., Godaiming, Surrey

Received A pril 25, 1960

Twenty-five 2-alkyl-3-aryl-3ii-4-quinazolone derivatives, eight 2- 
aryl-3-alkyl-3//-4-quinazolonc derivatives and six 2-alkyl-3-aryl- 
3Jff-4-thioquinazolone derivatives were examined for orala nticonvulsant 
properties against leptazol induced convulsions in mice. 2-Methyl-3- 
/)-brom ophenyl-3//-4-quinazolone hydrochloride (B .D .H . 1880) was 
the m ost active compound and was therefore examined more fully.
It is fourteen times more active than troxidone against leptazol and 
eight times more active against electroshock induced convulsions.
B .D .H . 1880 also has a better therapeutic index than troxidone. It has 
approximately one-quarter the activity o f phenytoin against leptazol 
and one-twelth the activity against electroshock-induced convulsions.
B .D .H . 1880 and primidone have similar anticonvulsant properties 
against leptazol induced convulsions but B .D .H . 1880 is only one-third 
as active as primidone against electroshock induced convulsions.

A  n u m b e r  o f  2-a lkyl-3-aryl-3 iJ-4-qu inazolones (I), 2 -ary l-3 -a lky l-3 /f-4 -  
q uin azo lones (II), and som e 2 -a lk y l-3 -ary l-3 //-4 -th ioq u in azo lon es (III) 
were exam ined  for oral an ticonvu lsant activity fo llow in g  G ujral, Saxena  
and T iw ari’s1 findings that som e related com p oun ds p ossessed  central 
nervous system  depressant properties.

F orty  com p oun ds, prepared by Jackm an, P etrow  and S teph en son 2, 
were exam ined for an ticonvu lsant properties against lep tazo l induced  
con vu lsion s in  m ice. The m ost active com p ou n d  in  this test, 2-m ethyl-
3 -p-brom ophenyl-3H -4-qu inazolone hydroch loride B .D .H . 1880 (IV ) w as 
also  exam ined for its an ticonvu lsant activity in  electroshock  induced  
con vu lsion s in  m ice. T roxid one, p henyto in  and prim idone w ere used  as 
reference com p oun ds. T he new  com p oun d  is a stable w hite pow der, 
slightly  soluble in  w ater w ith  a m olecu lar w eight o f  351-6.

(IV)

501

HC1



CAMILLO BIANCHI AND ALAN DAVID

M e t h o d s

Acute Oral Toxicity
T he acute oral tox icity  o f  trox idone and B .D .H . 1880 was estim ated  in  

unfasted  alb ino m ice w eigh ing approxim ately  20 g. T en  an im als were 
used at each  o f  the seven  d oses and the m ortalities after 7 days recorded. 
T he L D 50  w as estim ated  using K arber’s form ula3. B .D .H . 1880 and  
trox id one w ere g iven  as suspensions in  10 per cen t gum  acacia  and a ll 
volu m es were adjusted to  0-5 m l./20  g. w eight.

T A B LE I
A n t ic o n v u l s a n t  a c t iv it y  o f  so m e  2 - a l k y l - 3 - a r y l - 3 h - 4 - q u i n a z o l o n e  c o m p o u n d s

O

/C  \
N —C 6H 4R

\ / W  R

Compound R R'

Relative
activity

to
troxidone

2-Methyl-3-o-tolyl -M e -o-Me 3-3
2-Methyl-3-o-anisyl -Me -o-OMe 2 * 2
2-Methyl-3-p-anisyl -M e -p-OMe 2 1
2-Methyl-3-o-phenetyl . . -Me -oO Et 2 0
2-Methyl-3-m-phenetyl . . -Me -m-OEt <0-5
2-Methyl-3-p-phenetyl . . -M e -p-OEt <0-3
2-Methyl-3-o-chlorophenyl -M e -o-CI 1 0 0
2-Methyl-3-m-chloropheny 1 -Me -m-Cl 70
2-Methyl-3-p-chlorophenyl -M e -p-Cl 130
2-MethyI-3-o-bromophenyl -Me -o-Br 14-0
2-Methyl-3-m-bromophenyl -M e -m-Br 1-5
2-Methyl-3-p-bromophenyl -M e -p-Br 140
2-Methy 1-3-p-iodophenyl -Me -p-I 6-7
2-Methyl-3-p-fluorophenyl -Me -P- F 2 - 6
2-Methyl-3(2,4-dichlorophenyl) ........................................ -Me 2,4-di-Cl 2 1
2-Methyl-3 (2,5-dichlorophenyl) -Me 2,5-di-Cl 140
2-Methy 1-3 (2,3-xylyl) -M e 2,3-di-OMe inactive at 

600 mg./kg.
2-Methyl-3(2,4-xylyl) -Me 2,4-di-Me —
2-MethyI-3(2,5-xylyl) -M e 2,5-di-Me —
2-MethyI-3 (2,6-xylyl) -Me 2,6-di-Me 4-5
2-Methyl-3(3,4-xylyl) -M e 3,4-di-Me —
2-Methyl-3(3,5-xylyl) -Me 3,5-di-Me 1-3
2-Methyl-3(3,4,5-trimethoxyphenyl) -M e 3,4,5-tri-OMe inactive at 

600 mg./kg.
2-Methy 1-3 (4-bromo-2,3-dimethylphenyl) -M e 4Br-2,3-di-Me 2-5
2-Ethyl-3-phenyl . . -Et H 2 0
2-Ethyl-3-o-chlorophenyl -Et -o-CI 2 0
-2-Ethyl-3-p-bromophenyl -Et -p-Br <2-5
-2-Propyl-3-p-bromophenyl -Pr -p-Br 2-4

Anticonvulsant Activity
This w as estim ated  in  unfasted  m ale a lb ino m ice w eigh ing betw een  

15 and 20 g. T he com p oun ds, w ith  the excep tion  o f  p henyto in  sod ium  
w hich  is w ater solub le, were adm inistered  by stom ach  tube as su spensions  
in  10 per cent gum  acacia or in  the fo llow in g  aq ueous suspending m edium .

S odium  carboxym ethylcellu lose 1-2 g. T w een  80 1-5 g. M ethyl 
p-hydroxybenzoate 0-06 g. P ropyl p -hydroxybenzoate 0-03 g. D istilled  
w ater to  100 ml.

D o ses  w ere adm inistered  to  groups o f  five to  ten  anim als 2  hours before  
the con vu lsive stim uli. T he volum es were adjusted to  0-5 m l./20  g. w eight.
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L eptazol con vu lsion s were induced  by 50 m g./k g . given  in travenously . 
E lectroshock  seizures were induced  through  ear electrodes by a current o f  
15 m A  for a  0-2 seconds duration  u sing  an  apparatus described  by  
W oodbury and D aven p ort4.

T A B LE II
A n t ic o n v u l s a n t  a c t iv it y  o f  e ig h t  2 -a r y l -3 - a l k y l -3 h -4 - q u in a z o l o n e  c o m p o u n d s

ANTICONVULSANT PROPERTIES OF B.D.H. 1880

Compounds R R'

Relative
activity

to
troxidone

2-Phenyl-3-methyl. . -Me -H 3-0
2-o-Tolyl-3-methyl -M e -o-Me 7-4
2-p-Chlorophenyl-3-methyl -Me -p-Cl <0-7
2-o-Bromophenyl-3-methyI -M e -o-Br 6-3
2-p-Bromophenyl-3-methyl -M e -p-Br < 1 0
2-Phenyl-3-ethyl . . -Et -H 1*3
2-Phenyl-3(/3y-dihydroxypropyl). . -C H a.CHOH.CHjOH -H 2-3
2-p-BromophenyI-3-ethyl. . -Et -p-Br <0*7

P ositive p rotection  w as recorded i f  the ton ic  h ind leg  extensor co m 
p on en t o f  the seizure w as abolished . F rom  the num ber o f  m ice protected  
the E D 5 0 ’s va lu es w ere estim ated  accord ing to  K arber’s form ula3 or 
L itchfield  and  W ilco x o n ’s m ethod 5.

T he duration  o f  effect o f  B .D .H . 1880 against electroshock  induced  
con vu lsion s w as estim ated  in  four groups o f  tw enty m ice g iven  varying  
am oun ts orally. T he E D 5 0  value w as estim ated  from  the num ber o f  m ice

T A B L E  III
ANTICONVULSANT ACTIVITY OF SIX 2-ALKYL-3-ARYL-3-H-4-THIOQUINAZOLONE COMPOUNDS

S

N —C 6H 4R '

\ / \ N / ~ R

Compound R R'

Relative 
activity to 
troxidone

2-Methyl-3-o-tolyl -M e -o-Me 2*3
2-Methyl-3-p-chlorophenyl -M e -p-Cl <0*7
2-Meth.yl-2-o-bromophenyl -M e -o-Br <0*7
2-Methyl-3-p-bromophenyl -M e -p-Br <0-7
2-Methyl-3-p-fluorophenyl -M e -P-F Inactive at 

600 mg./kg.
2-Ethyl-3-p-bromophenyl -Et -p-Br Inactive at 

600 mg./kg.

protected  at 1, 2 , 3, 5, 7 and 23 hours after adm in istration . T he co n 
vu lsion s w ere induced  by a current o f  30 m A  for 0-2 seconds applied  
through  ear electrodes.
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R e s u l t s

T able I records the oral an ticonvu lsant activity o f  tw enty-five 2-alkyl~3- 
a ry l-3 //-4 -q u in azo lon e  derivatives tak ing  troxid one as unity. T ables II 
and  III record the an ticonvu lsant activ ity  o f  eight 2 -ary l-3 -a lky l-3 //-4 -  
quin azo lone derivatives and o f  six 2-a lkyl-3-ary l-3 i7-4-th ioquinazolone  
derivatives respectively.

In  the 2 -a lky l-3 -ary l-3 //-4 -qu in azo lon e group  a num ber o f  com p oun ds, 
particularly the h alo  phenyl derivatives, are m ore active than  troxidone.

TA B LE IV
T h e  o r a l  a n t ic o n v u l s a n t  a c t iv it y  o f  B .D .H . 1880, t r o x id o n e , p h e n y t o in  s o d iu m

AND PRIMIDONE IN MICE, TEN PER GROUP

C o m p o u n d

* E D 5 0  m g ./k g . 
(F id u c ia l lim its  P  =  0-05) T h e ra p e u tic  in d ex

L e p ta z o l E le c tro sh o c k L e p ta z o l E le c tro sh o c k

B .D .H . 1880 ................................................ 30 140 11*7 2-5
(2 3 -3 8 ) (1 0 4 -1 8 9 )

T ro x id o n e 425 1200 5-3 1-9
(3 7 1 -4 8 0 ) (876-1644)

P h e n y to in  so d iu m 12 12 — —
(9 -1 7 ) (8 -1 8 )

P r im id o n e 41 40 —• —
(2 9 -5 9 ) (2 1 -7 5 )

* L itch fie ld  a n d  W ilc o x o n ’s  m e th o d .

T able III show s that the related th ioq u inazo lone derivatives are invariably  
less active. The 2 -ary l-3 -a lky l-3 //-4 -qu in azo lon e com p ou n d s are a lso  
less active than  the related  2-alkyl-3-aryl com p oun ds w ith  the excep tion  
o f  the o-to ly l derivative w hich  is  m ore active.

Leptazol Electroshock

F ig . 1. T he oral an ticonvulsant activity o f B .D .H . 1880 against lep tazol and 
electro-shock induced convulsions in mice.

Acute Toxicity and Anticonvulsant Activity o f  B.D.H. 1880

T his com p oun d , one o f  the m ost active against lep tazo l induced  co n 
vu lsion s, w as exam ined  m ore fully. It has an  oral L D 5 0  in  m ice o f  
353-5 m g./k g . com pared  to  2291-0 m g./k g . for troxidone. T he E D 50  
valu es against lep tazo l and electroshock  induced  con vu lsion s for B .D .H . 
1880, trox id one, p henyto in  and prim idone are recorded in  T ab le IV.
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T he an ticonvu lsant activ ity  o f  B .D .H . 1880 has been  repeatedly co n 
firm ed and T able IV  records the results o f  a  typ ical experim ent. There is 
a  linear relation  betw een  lo g  d ose and the prob its o f  the anim als protected  
against b oth  lep tazo l and electroshock  induced con vu lsion s (F ig. 1). 
T he an ticonvu lsant activ ity  o f  B .D .H . 1880 is still present 7 hours after 
adm inistration . T able V  records the E D 50  values at intervals.

TA B LE V
T h e  oralE D 50of B.D.H. 1880 in m ic e  against e l e c t r o s h o c k  i n d u c e d  convulsions

AT INTERVALS FOLLOWING ADMINISTRATION

ANTICONVULSANT PROPERTIES OF B.D.H. 1880

Time in 
hours

ED50
mg./kg.

1 >1752 108
3 115
5 120
7 125

23 >175

D iscussion

The results reported in  this paper sh ow  that the 2-a lky l-3 -ph en y l-3 //-4 -  
q uin azo lone structure can  yield  com p oun ds w ith  m arked anticonvulsant 
p ro p ertie s: for exam ple, the 2-m ethyl-3-p-brom ophenyl derivative,
B .D .FI. 1880, has a sim ilar or a greater activity than m ost com m only  used  
anti-ep ileptic drugs.

T he th ioq u inazo lone analogue o f  B .D .H . 1880 has less an ticonvu lsant 
properties than  trox idone w hich  suggests that the oxygen  in  the fourth  
p osition  in  the q u in azolone ring is essential for g o o d  an ticonvu lsant  
activity.

There is som e reduction  in  activ ity  w hen the 2-m ethyl group in  B .D .H . 
1880 is substituted  by an  ethyl or butyl group. There is, how ever, a 
m arked reduction  in  activity w hen  the p -b rom oph en yl group is m oved  
from  the third to  the second  p o sition  in  the q u in azolone nucleus as in
2-p-brom ophenyl-3  m cth y l-3 //-4 -q u in azo lon e.

T he in trodu ction  o f  a  brom o radical in  the benzene ring o f  the hetero
cyclic  nucleus as in  6 -brom o-2-m eth y]-3 -o -to ly l-3 //-4 -q u inazo lon e does n o t  
in fluence an ticonvu lsan t activity.
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The alkaloids nicotine and palustrine have been separated from  
authentic mixtures by paper partition chromatography, paper electro
phoresis and the use o f  buffered cellulose columns. These techniques 
were applied to extracts o f  E. arvense, E. telmateia and E. sylvaticum 
from the last two o f which no alkaloids have previously been isolated. 
Nicotine was found in all three species but palustrine was not detected.

Equisetum species, popularly referred to  as “ H orseta ils” , have been  know n  
to  m edicine for centuries and E. arvense (com m on  horseta il) has been  
included in  several E uropean  pharm acopoeias. T he principal use o f  
the herb is as a  diuretic, but it has a lso  b een  recom m ended  for haem optysis, 
haem orrhoids, varicose ulcers and tubercu losis. In the field and  as  
contam inants o f  hay, Equisetums have caused  fatalities am ong  farm  stock , 
the tox icity  being  attributed to  a lkaloids1, a lthough  m ore recent w ork  
suggests that a thiam inase m ay be responsib le2-4. T he com p oun ds w hich  
have been  identified in  Equisetums include a lk alo id s, flavonoids, am ino-  
acids, thym ine, 3-m ethoxypyrid ine, d im ethylsu lphone, tannins, saponins, 
silica, silicic acids, v itam in  C and several organic acids.

T he presence o f  a lkalo ids in  Equisetum species w as first reported by  
L ohm ann1, in  1903, but it w as n o t until 1936, that G let and  others5, 
obtained  from  E. palustre 0-95 per cent o f  an a lkaloid  w hich  they nam ed  
palustrine. T his w as iso lated  from  the sam e species in  pure form  by  
Karrer and E ugster6, in  1948, and given the m olecu lar form ula C 17H 290 2N 3. 
In the fo llow in g  year they ob tained  it from  E. arvense and  E. hiemale 
together w ith  traces o f  n icotine7. In  1950, W ohlb ier and B eckm an8 
obtained  from  E. palustre 0-01 per cen t o f  an a lkaloid  equisetine w hich  
proved to  be id en tica l w ith  palustrine. T hey a lso  foun d  traces (0-0002 per 
cent) o f  a second  a lkaloid  eq u iseton ine. Further w ork  by E ugster and  
others9, 1953, recorded the iso la tion  from  E. palustre o f  another a lkaloid  
palustridine, m olecular form ula C 18H 310 3N 3, w hich  w as thought to  be 
identical w ith  equ iseton ine. B oth  palustrine (equisetine) and palustridine  
(eq u iseton in e) y ielded  degradation  products related to  the lupinane  
alkaloids.

T he on ly  record o f  a lkalo ids in  E. telmateia and  E. sylvaticum appears 
to  b e the early report o f  L ohm ann, 1903; hence the present w ork  w as 
undertaken to  investigate and com pare these species w ith  E. arvense. 
A ll three are abundant in the M anchester area.

E x p e r im e n t a l  M e t h o d s  

Separation o f  Nicotine and Palustrine
O w ing to  the lo w  yields o f  a lka lo ids previously  reported6-11, m ethods  

for  the m icroseparation  o f  n icotin e from  palustrine were investigated .

AN INVESTIGATION OF THE ALKALOIDS OF SOME BRITISH
SPECIES OF E Q U 1 S E T U M
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Paper partition chromatography by the descending method using butanol: 
concentrated hydrochloric acid:glacial acetic acid:water (100 :5 :5 :22) 
(solvent system A) gave results similar to those of Eugster9, R F nicotine
0-08, R f  palustrine 0-15-0-20. A better separation was obtained with 
butanol: glacial acetic acid: water (4 :1 :5 ) (solvent system B), R F nicotine
0-5-0-56, R F palustrine 0-37-0-44.

Electrophoresis on acid impregnated paper produced well separated 
round compact spots. The best separations were obtained on Whatman 
No. 1 paper impregnated with 0-1m tartaric acid using initial currents 
of 3 to 5 mA at 500 to 850 V. An initial current of 3 mA at 540 V 
moved nicotine 14-2 cm. and palustrine 10-4 cm. after 60 minutes.

Chromatograms were sprayed with freshly prepared Dragendorff’s 
reagent (potassium bismuth iodide) which revealed the alkaloids as 
orange-red spots on a yellow background.

T A B LE I

R f  values and  characters of spots after chromatography of extracts from 
three species of Equisetum. R eference compounds nicotine and  palustrine

ALKALOIDS OF SOME SPECIES OF EQUISETUM

Solvent system
Butanol: hydrochloric 
acid: acetic acid: water

Butanol: acetic 
acid: water

Main compact spots .. 0-08 0-53
Small diffuse spots 0-56 0-59
Small diffuse spots — 0-69
Large diffuse spots 0-89 0-90-0-93
Nicotine compact spots 0-08 0-53
Palustrine compact spots 019-0-21 0-38

E x t r a c t i o n  o f  th e  A lk a l o id s

The material used consisted of the sterile aerial stems of E .  a r v e n s e ,
E .  t e l m a t e ia  and E . s y l v a t i c u m  collected locally during June to September, 
dried at room temperature and coarsely powdered.

Soft extracts were prepared from 5 kg. quantities by percolation with 
201. of 95 per cent ethanol, evaporation to low volume at 55°, precipitation 
of non-alkaloidal matter in the presence of 1 per cent hydrochloric acid 
and extraction with ether after making alkaline.

E x a m i n a t i o n  o f  th e  E x t r a c t s

Chromatography of the extracts using the equivalent of 100 g. of dry 
plant in ethanolic solution yielded spots corresponding to nicotine but 
not to palustrine. Typical results are given in Table I.

Preliminary trials with nicotine on buffered cellulose columns12 using 
ether saturated with water as eluant showed that the alkaloid remained 
on the column at pH 5-1 but was readily eluted after addition of a small 
amount of diethylamine. Recovery estimated by ultra-violet absorption 
was about 80 per cent. Application of this technique to the extracts 
using quantities equivalent to 5 kg. of dry plant gave ultra-violet absorp
tion spectra similar to that of nicotine eluted from a comparable column.

Electrophoresis of the eluate produced spots with the same mobility 
as nicotine.
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Further portions of the eluate were spotted on filter paper bearing 
reference spots of nicotine and (a ) sprayed with 1 per cent p-amino- 
benzoic acid in ethanol, (b ) moistened with 30 per cent aqueous acetic 
acid and sprayed with 1 per cent a-naphthylamine in ethanol. The 
papers were dried and after exposure to cyanogen bromide, the extracts 
developed colours similar to the nicotine. Another portion of the 
eluate after heating with epichlorhydrin gave the same colour as nicotine 
similarly treated.

R e s u l t s

Palustrine, the main alkaloid of E q u i s e t u m , was not detected in the 
three British species examined, but all contained small amounts of 
nicotine.

D is c u s s io n

Alkaloids have been isolated from E q u is e tu m  species of continental 
origin, but no reference to their presence in British species appears to 
exist. The absence of alkaloids (other than traces of nicotine) from the 
British species reported in this work may be due to climatic effects or 
may be genotypical.

Paper electrophoresis proved to be a useful technique for the separation 
of mixtures of alkaloids, its main advantage compared with paper partition 
chromatography being a saving of time. It was less suitable for plant 
extracts which tended to form streaks the full length of the paper, unless 
previously purified on buffered cellulose columns. Paper partition 
chromatography of the same extracts without special purification produced 
well defined spots with reproducible R F values.

The amount of nicotine obtained from 5 kg. of dried plant material 
was estimated by ultra-violet absorption spectrophotometry to be not 
more than 2 mg. Such small quantities were readily separated from 
much larger amounts of impurities by the use of buffered cellulose columns 
following the technique of Carless12.

A c k n o w le d g e m e n ts .  The authors are grateful to Professor P. Karrer 
of Zürich University for the generous donation of palustrine alkaloid.
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NEW APPARATUS
A TWO-STAGE MICRO-EVAPORATOR

By E. G. C. C l a r k e  a n d  A. E. H a w k in s
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Received M ay 24, 1960

Two devices for concentrating solutions are described. The first reduces 
a volume of 1 ml. to one of 0-05 ml. and the second a volume of 0-05 ml. 
to a few microlitres.

R e c e n t  developments in microchemical techniques make possible the 
identification of sub-microgram quantities of various compounds including 
alkaloids1, sugars2’3, steroids4 and inorganic radicals5. These techniques 
need a moderately concentrated solution.
Therefore to obtain high sensitivity, a very 
small volume (in general 0T p i . 6) has to be 
employed. This may give rise to difficulties.
For example, if a test will detect 0-01 p,g. 
of a compound dissolved in one micro-drop 
(0T p i ) ,  a solution containing 1 -0 /xg. in one 
ml. will have to be concentrated 100 times 
(i.e., to a volume of 10 p i . )  to give a positive 
result. To effect such concentration is quite 
impracticable by ordinary means, and is even 
beyond the limit of the device described by 
Tryhorn and Curry7. To resolve this problem 
the two pieces of apparatus described below 
have been developed.

It is assumed that there is no difficulty in 
reducing a volume to 1 ml. by ordinary 
methods.

D e s c r ip t io n  o f  A p p a r a t u s  

The first-stage evaporator will reduce the 
volume from 1 to 0-05 ml. The solution to be 
evaporated is drawn up into the tube A by 
means of the rubber bulb B (Fig. 1). It is 
allowed to drip slowly into the small conical 
tube C, which is maintained at a temperature of about 65° by means of a 
miniature water bath made from a small, flat-bottomed, bolt-head flask 
standing on a Simmerstat-controlled hotplate. Evaporation is assisted 
by means of a jet of air or nitrogen from the tube D. The optimum rate 
of dripping, which is controlled by the adjustable air-leak E, is such that 
one drop is evaporated to dryness before the arrival of the next. This has 
the effect of concentrating the residue on a small area at the bottom of the 
tube. It is usually more convenient to take the solution to complete 
dryness, and to redissolve in a volume of 0-05 ml. The device works best

F ig . 1. F irst-stage evap
ora to r.
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with a solvent such as chloroform or methanol which boils at about 65°, 
but may also be used with less volatile liquids such as ethanol or water.

In many cases this 20-fold concentration is sufficient, but if tests carried 
out with micro-drops of the final solution are still negative, further con
centration may be effected with the second-stage evaporator (Fig. 2).

E. G. C. CLARKE AND A. E. HAWKINS

V
— A

— c
—  F

F ig . 2. Second-stage evaporator.

The solution (0-05 ml.) is drawn up into the melting point tube A by 
manipulation of the screw-controlled rubber bulb B, which is then ad
justed so that there is a small positive meniscus at C. This is subjected to 

a stream of hot air from the blower D. A metal 
shield E prevents overheating of the liquid in A, 
while a gauze F moderates the air-flow to prevent 
the drop at C being blown away. The position 
of E and F respectively may be varied in relation 
to A. The bulb B is adjusted continuously to 
maintain the pendant drop at C. This drop should 
be kept small to avoid loss of material on the out
side of the tube. When the column of liquid in A 
is reduced to less than 0-25 cm. in length the air 
blower may be switched off. Micro-drops of the 
concentrated solution in A may be taken for use 
with colour or crystal tests, or the whole of the 
remaining liquid may be transferred to a suitable 
surface and used to carry out a single reaction.

A p p l ic a t io n s

By this method it has been found possible to 
demonstrate the presence of 1 part of strychnine 
in 106 parts of ethanol1, 1 part of progesterone in 
10® parts of methanol4 and one part of glucose in 
104 parts of water2-3; one millilitre of the solution 
having been used in each instance.

Fig. 3. Elution from 
paper chromatograms.
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A T W O -ST A G E  M IC R O -E V A PO R A T O R

The first stage evaporator is especially useful in the elution of material 
from a paper chromatogram. For this purpose a Pasteur pipette P is 
inserted between the dropper A and the conical tube C (Fig. 3). The 
chromatogram spot is cut out and, after appropriate treatment, is folded 
up and forced into the neck of the pipette (S). A suitable solvent is drawn 
into A and allowed to drop slowly via P into C, eluting the substance from 
S as it passes. As before, the eluate is deposited at the bottom of C and 
may be redissolved in a minimal volume of liquid for subsequent examina
tion.
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BOOK REVIEW
SYNTHETIC ANALGESICS. PART I. DIP HEN YLPR OPYLA MINES.

By Paul A. J. Janssen. Pp. vii +  183 (including Index). Pergamon
Press, Oxford, 1960. 45s.

It is no fault of Dr. Janssen that this book, the third in a series of chemical 
monographs and Part I on synthetic analgesics, makes rather dull reading. 
Much of chemical pharmacology is routine synthesis undertaken only with 
a view to compensation by the chance of producing a notable drug. It is 
inevitable that a complete review of any aspect of chemical pharmacology 
must approximate to a catalogue. The synthetic chemistry of drugs related 
to methadone, substantially an essay in the problems posed by steric hindrance, 
is relatively uninteresting with the possible exception of the “methadone re
arrangement”. Methadone was described in 1948 and the author has sum
marised the subsequent work to July, 1958, including his own considerable 
unpublished material. Synthetic methods used to prepare 576 3,3-diphenyl- 
propylamines without substituents on the aromatic nuclei, and their published 
physical properties (52 have no recorded m.p. or b.p.), are briefly described. 
The book is worth the outlay for the time it can save in literature searching alone.

As befits a chemical monograph, biological topics have been severely pruned 
and this may account for the 190 references of the total of 564 that are not 
mentioned in the text. In view of this surfeit it is perhaps unfortunate that 
reference 344 is missing. Analgesia is dismissed in two pages and analgesic 
assay methods severely criticised in two more pages, but to assist speculation 
on structure-activity relationships there is a table of 31 pages giving analgesic 
ED50 doses and potency ratios relative to morphine, codeine, methadone and 
pethidine (the latter expressed in error as mg./kg.). Three tables in sequence 
totalling 92 pages and covering physical properties, analgesic potencies in 
animals, and structure, seems a bit unwieldy in the middle of a chapter, especially 
when compared to an average chapter length of two and a half pages and one 
of a mere half page. Thus the casual reader scanning Table V might find it 
difficult to locate the definitions of its symbols in the body of a chapter some 
56 pages away, only then to find that some symbols lack definition. There 
is an occasional looseness of expression such as “other nitriles—are solid bases” 
(p. 125), or “heavier alkyl halides” (p. 135). Paragraph 4 on p. 125 is un
intelligible as it stands and listing quaternary ammonium salts as alkyl halide 
salts of trivalent bases is perhaps convenient for tabulation but Figure 5.5 
(p. 117) would be better drawn as a quaternary salt. These and a number of 
misprints however are minor points and do not detract from a well presented 
concise and factual account. There is only a modicum of hypothetical matter, 
this mainly limited to configurational studies. A. M cCoubrey
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