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w e l l - b a l a n c e d  

n u t r i e n t s  i n  

m o d e r a t e  l o w - f a t  

c e r e a l  a n d  

m i l k  s e r v i n g

Medical and nutrition authorities now include the 
cereal and milk serving when a moderate reduction 
o f  dietary fat is indicated. This dish is recommended 
because it is moderately low in dietary fat. Few foods 
can better its well-balanced nutritional contribution

as shown in the table below. It furnishes approxi
mately 10 per cent o f  the recommended daily allow
ances o f  protein, important B vitamins, essential 
minerals; and it also provides quick and lasting 
energy. Served with nonfat milk, the fat content 
is very low.*

nutritive S’ 
composition ! 

of average ¡¿<1 
cereal serving Lj

.

Cereal, 1 oz.
Whole Milk, 4 oz. Cereal** Whole Milk Sugar
Sugar, 1 teaspoon 1 oz. 4 oz. 1 teaspoon

C A L O R I E S ................................................ 203 104 83 16
P R O T E IN .....................................................  7 .3  g m . 3.1 g m . 4 .2  g m .
F A T .................................................................  5 .3  g m . 0 .6  g m . 4 .7  g m .*
C A R B O H Y D R A T E ................................ 3 2 .2  g m . 22  g m . 6 .0  g m . 4 .2  g m .
C A L C I U M .................................................... 0 .1 6 9  g m . 0 .0 2 5  g m . 0 .144  g m .
I R O N ...............................................................  1 .5  m g . 1 .4  m g . 0.1 m g .
V IT A M IN  A ............................................. 195 I. U . -  195 I. U .
T H IA M IN E ................................................. 0 .1 6  m g . 0 .12  m g . 0 .04  m g .
R IB O F L A V IN ........................................... 0 .2 5  m g . 0 .04  m g . 0.21 m g .
N I A C I N .......................................................  1 .4  m g . 1 .3  m g . 0.1 m g .
A S C O R B I C  A C I D ............................... 1 .5  m g . —  1 .5  m g .
C H O L E S T E R O L ......................................  16 .4  m g . 0  16 .4  m g .*

♦Nonfat (skin) milk, 4 oz., reduces the Fat value to 0.1 gm. and the Cholesterol value to 0.35 mg. 
♦♦Based on composite average of breakfast cereals on dry weight basis.

Cereal Institute, Inc.: Breakfast Source Book. Chicago: Cereal Institute, Inc., 1958 .
Hayes, O. B., and Rose, G. K.: Supplementary Food Composition Table. J. Am. Dietet. A. 33:26, 1957.

Watt, B. K., and Merrill, A. L .: Composition o f  Foods-Raw, Processed, Prepared. U.S.D.A. Agriculture Handbook 
No. 8, 1950.

C E R E A L  IN S T IT U T E , IN C.
135 South La Salle Street, Chicago 3

A research and educational endeavor devoted to the betterment o f  national nutrition
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CHEMICAL AND PHYSICAL PROPERTIES. Vitamin B, (thiamine hydro
chloride) is white, water soluble, with a nut-like, salty 
taste and yeast-like odor. Its empirical formula is:
C 12H 17CIN1OS • HC1. Thiamine produced by synthesis is 
identical chemically and in biological activity with that 
obtained in pure form  from  nature.

£
 DEFICIENCIES. A  deficiency o f  thiamine is characterized 

by these symptoms: depression, irritability, fearful
ness, lack o f  initiative and interest, loss o f  appetite. 
Symptoms vary since in usual practice deficiencies of

_________other water-soluble vitamins occur. Medical treatment
is simple: a sufficient amount o f  thiamine is administered to relieve 
symptoms quickly and the physician provides for a continuing ade
quate intake in com bination with other members o f  the “ B” complex.

A  severe deficiency o f  thiamine leads to beriberi, a serious and some
times fatal disease. While beriberi is almost a medical curiosity in the 
United States, it is com m on in countries in which polished white rice 
is a staple o f the diet. Fortunately this dietary disease can be pre
vented through enrichment o f  milled white rice.

The paragraphs above have been taken from  "The Vital Story o f  
Vitamin Bi” . If you would like the com plete text o f  this, and all other 
stories in the series, please send your request to the Vitamin Division.

If you  are engaged in the manufacture o f  foods and pharmaceuticals, 
our technical service is at your d isposal. . . in confidence, o f  course.

v i t a m i n  d i v i s i o n  •  H O F F M A N N -L A  ROCHE IN C . •  n u t l e y  1 0 ,  n . j .

Roche Research and Roche Products Preserve 
and Protect the World's Health

R O C H E  R O U N D  T H E  W O R L D  

AFFILIATED COMPANIES: BASEL • BOGOTA • BOMBAY • BRUSSELS • BUENOS AIRES • GRENZACH (BADEN) 
HAVANA * ISTANBUL - JOHANNESBURG • LONDON • MADRID ■ MEXICO CITY • MILAN - MONTEVIDEO • PARIS 
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DIVALENT MINERALS AND PROTEOLYTIC 
ACTIVITY OF PANCREAS TISSUE FROM 
RATS AND CHICKS FED MANGANESE- 

DEFICIENT DIETS 12

EONALD E. JOHNSON, OBVILLE G. B E N T L E Y 5 an d  T. S. SUTTON 
Ohio Agricultural Experiment Station, Wooster

(Eeceived for publication September 6, 1958)

Divalent minerals are essential activators or co-factors for 
peptidases (Smith, ’51a, ’51b). Activating and stabilizing 
effects of rations on proteolytic enzymes have also been ob
served. The ion effect on the activation of chymotrypsinogen 
and trypsinogen was studied by Delezenne ( ’05) and re-investi
gated by McDonald and Kunitz ( ’41). Gorini ( ’50) concluded 
that bacterial proteinases needed calcium ions for both activa
tion and for their stability. Bier and Nord ( ’51a, ’51b) showed 
that calcium and manganese had a protective effect on the enzy
matic activity of crystalline trypsin in alkaline solutions in 
which it is unstable. They stated that the “ phenomenon”  
appears to be in clear contrast to the observed varying effect 
of different ions on the formation of trypsin from trypsino
gen. In a later paper, Nord et al. ( ’56) presented additional 
evidence supporting the calcium stabilization of trypsin and 
investigated the kinetics of the reactions of trypsin, calcium- 
trypsin and acetyltrypsin. Kunitz and Northrop ( ’34) de
scribed the state of the proteolytic enzymes as being in

1 Approved for publication as a journal article no. 86-59 by the Associate 
Director of the Ohio Agricultural Experiment Station.

2 A  preliminary report of this work is published in Federation Proceedings, 
10, 161, 1951 and in a Ph.D. Dissertation by Orville G. Bentley, University of 
Wisconsin, 1950.

3 Present address : Dean of Agriculture, South Dakota State College, Brookings.
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equilibrium as follows: native active form denatured in
active form. The work of Gorini ( ’50, ’51), Bier and Nord 
( ’51a, ’51b), Nord et al. ( ’56) and Green and Neurath ( ’53) 
on the activity of calcium and manganese would suggest that 
these ions cause a shift in the equilibrium to the native active 
form.

Burnett et al. ( ’52) found that radiomanganese appeared in 
pancreatic juice of dogs within one half hour after intraven
ous administration of the isotope. As pancreatic secretion 
increased, an increase in radiomanganese output was observed 
suggesting a relationship between manganese uptake by this 
organ and pancreatic secretions. Since our preliminary studies 
in 19512 we have carried out experiments to determine the 
effect of feeding a manganese-deficient diet on the proteolytic 
activity of the pancreatic enzymes and their activation or 
stabilization or both by manganese or calcium as measured 
by the in vitro activity of the pancreas homogenates and the 
efficacy of protein digestion in rats fed a low-manganese 
ration. A summary of the enzymatic studies with divalent 
ions is also reported.

EXPERIMENTAL

Metabolism trials. Two nitrogen metabolism experiments 
were performed with rats. In the first experiment, weanling 
rats were divided into two groups. One group was fed a basal 
diet consisting of casein 18.0 gm, corn sugar 4 72.1 gm, corn 
oil 5.0 gm, cystine 0.3 gm, Mn-deficient Salts IY 5 4.0 gm, 
complete B vitamin mixture 0.4 gm, and choline 0.2 gm. The 
other group was fed the basal diet plus 5 mg of manganese 
per 100 gm of diet. The development of a manganese defici
ency was accompanied by subnormal weight gains, e.g., 41 gm 
in two weeks in comparison with 53 gm for the manganese- 
supplemented rats. Also, manganese analysis showed that

1 See footnote 2, page 513.
4 Corn sugar or Cerelose —  a sugar product prepared from corn by the Corn 

Products Refining Company, New York, N. Y.
‘ Phillips, P. H., and E. B. Hart J. Biol. Chem., 109: 657 (1935).
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the livers of the manganese-deficient and manganese-supple
mented rats contained 0.9 and 3.6 qg Mn/gm wet weight, 
respectively.

When a deficiency developed in the group fed the man
ganese-deficient ration, three rats from each group were 
placed in metabolism cages. After a period of acclimation, 
two nitrogen metabolism trials were conducted for periods 
of 11 and 5 days using both diets which were fed ad libitum. 
In the second experiment weanling rats were placed on diets 
similar to that shown above and again placed in metabolism 
cages after a manganese deficiency had developed. Two 5-day 
metabolism trials were performed, similar to those in the 
previous experiment except that in this case the paired feed
ing technique was followed.

Chick feeding experiments. Six groups (15 each) of New 
Hampshire cockerel chicks were fed a practical type corn- 
soya ration with or without supplemental manganese for 6 
weeks. Weight gains were comparable for all lots of chicks 
and perosis was not noted in the chicks fed the non-manganese 
supplemented rations. Liver manganese levels at the end of 
the experiment averaged 3.5 gg/gm, wet weight, for chicks on 
the low-manganese rations and 4.6 qg/gm for the chicks on 
the manganese-supplemented rations.

Enzyme studies. The enzymatic activity of the chick or 
rat pancreas was determined using homogenates prepared in 
water with a Waring blendor and filtered through glass wool. 
The filtered homogenates were diluted to a workable proteo
lytic activity range and portions thereof were added to equal 
volumes of 0.005 M divalent ion solutions prepared from 
CaCl2-2ILO, MnCL • 4H20, ZnS04-7H20, FeS04-7H20, MgCl2 • 
6H20, CoC12-6H20, CuC12-2H20, or SrCl2-6H20. These pre
parations or similar homogenates diluted with an equal 
amount of water, were either added directly to the casein-bo
rate substrate or preincubated at 37 °C for as long as 25 hrs. 
A  drop of CHC13 and a crystal of thymol were added as pre
servatives. At various time intervals, 4-ml portions of the
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preincubated homogenates were removed and placed in flasks 
containing 5 ml casein substrate (3% casein in 1% Na2C03) 
and 1 ml pH 8.45 borate buffer (1M). The digestion mixtures 
were then incubated at 37°C for 0.5 to 4 hours (depending on 
the enzyme activity) after which time 5-ml aliquots were re
moved and placed in 5 ml of 10% trichloroacetic acid. After 
standing for 30 minutes to allow complete precipitation, the 
mixtures were filtered. The filtrates containing the non-pro
tein nitrogen (NPN) released by proteolytic action were 
digested and analyzed for nitrogen by the micro-Kjeldahl 
method. Proteolytic activity was calculated as milligrams of 
NPN released per milligrams of homogenate nitrogen per 
hour.

EESULTS

Figure 1 illustrates the effect of preincubation with and 
without Ca++ or Mn++ ions on the proteolytic activity of chick 
and rat pancreatic homogenates.

Without prior preincubation, chick pancreas was practically 
inactive either with or without the addition of Ca++ or Mn^ 
to the casein-buffer substrate; however, preincubation in
creased the proteolytic activity of the homogenates markedly. 
The highest proteolytic activity was reached between 5 and 8 
hours of preincubation after which time the activity dropped 
steadily. Although the sample incubated with no divalent 
ions had considerable activity following preincubation, the 
presence of C'a++ or Mn++ ions in the preincubation medium 
increased the activity over the control (water) almost two-fold.

Rat pancreas exhibited considerable initial activity which 
was not increased by the additions of Ca++ or Mn++ ions to the 
digestion mixture; however, as with chick pancreas homog
enates, the additions of these ions to the preincubation mix
ture increased their activity somewhat. The highest activity 
was reached after two hours preincubation. The activity of 
the control sample (no Ca++ or Mn++) was not increased by 
preincubation.



PROTEOLYTIC ACTIVITY AND MANGANESE 517

The activating effects of Zn++, Fe++, Mg++, Co++, Cu++, and 
Sr++ ions were tested in a similar manner using chick pancreas. 
After 8 hours preincubation, only Mg++ and Sr++ showed 
slightly greater activity than the control (no divalent ion). 
After 24 hours preincubation, however, homogenates contain
ing Zn++, Mg++, Sr++, and, to a lesser extent, Co++ exhibited 
activity markedly greater than the control. In no case did 
any of these ions produce an activation as great as that pro
duced by either Ca++ or Mn++.

PREINCUBATION T IME  (HOURS)
Pig. 1 The effect of preincubation in the presence of Ca++ and Mn++ ions on 

the proteolytic activity of chick and rat pancreatic homogenates.

The activation produced by preincubation with Ca++ ex
hibited a maximum at pH 5.9.

The marked effect of both Ca++ and Mn++ on the in vitro 
proteolytic activity of pancreatic homogenates suggested that 
the effect of these ions on the proteolytic activity of the 
pancreas from manganese-deficient and manganese-supple
mented animals be investigated. Figure 2 illustrates this com
parison with rat and chick tissues.

The initial proteolytic activity of the manganese-deficient 
rat pancreatic tissue was markedly lower than that of the 
manganese-supplemented pancreas. However, after sufficient 
preincubation in the presence of Ca++ or Mn++, the deficient 
tissue exhibited as much activity as the pancreas from man
ganese-supplemented rats. The homogenates from the manga
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nese-deficient rats required 6 hours longer to reach their 
highest activity than the pancreas from the supplemented 
rats, probably because of the lower initial activity of the 
former. After 24 hours of preincubation, there was no dif
ference in the activity of the two tissues.

Fig. 2 The effect of preineubation in the presence of Ca++ and Mn** ions on 
the proteolytic activity of pancreatic homogenates from manganese-deficient and 
supplemented rats and chicks. (Each point represents the value obtained with 
a homogenate of the pooled pancreas tissues from 6 rats and 6 chicks, respectively.)

The pancreatic tissues from chicks fed a ration to which 
no manganese was added and from manganese-supplemented 
chicks were also compared and the results are also shown in 
figure 2. Initially there was no difference — the activity of 
both tissues was low. After 8 hours preincubation, the activity 
of the manganese-supplemented pancreas was generally 
higher than that of the “ deficient”  pancreas although the 
differences were not large. Manganese-deficient pancreas pre
incubated 8 hours in the presence Ca++ was slightly more 
active than the supplemented pancreas.
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Since the main proteolytic enzymes from the pancreas are 
trypsin and chymotrypsin, it was of interest to determine 
the effect of preincubation with Ca++ and Mn++ ions on the 
activity of these enzymes using our method for determining 
proteolytic activity. This comparison is shown in figure 3.

Pig. 3 The effect of preincubation in the presence of Ca++ and Mn++ ions on 
the proteolytic activity of crystalline chymotrypsin and trypsin.

Both chymotrypsin and trypsin6 exhibited their maximum 
proteolytic activity at zero hours of preincubation. The activ
ity of both enzymes decreased rapidly when incubated in 
water, presumably because of autodigestion. The addition of 
Ca++ or MnH ions to the preincubation medium slowed the 
rate of activity loss by the enzymes considerably but did 
little to increase the initial activity. This phenomenon ap
peared to be protection against autodigestion or increased 
stability of the metal-enzymes complex or both.

‘ Crystallized chymotrypsin and trypsin (bovine origin), Armour Laboratories, 
Chicago, Illinois.
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The results of the metabolism experiments are shown in 
table 1. In the first experiment (ad libitum feeding) the man
ganese-deficient rats retained a greater percentage of their 
nitrogen intake than the supplemented rats. However, since 
the deficient rats ate considerably less, they actually retained 
less total nitrogen. In the paired feeding experiment, greater 
nitrogen retention occurred in the manganese-deficient group 
of the first trial, while in the second trial, the manganese- 
supplemented group retained the most nitrogen. In these ex
periments, no consistent relationship between nitrogen 
retention or utilization was found in animals fed the deficient 
or manganese-supplemented rations.

It is significant that the percentage of the total nitrogen 
intake found in the feces was relatively constant in both 
experiments. This would indicate that dietary protein was 
digested and adsorbed equally well by both the deficient and 
manganese-supplemented rats.

DISCUSSION

The proteolytic activity of both rat and chick pancreatic 
homogenates is markedly affected by preincubation of the 
homogenate in the absence of the substrate at a slightly 
acid pH. Fresh chick pancreatic tissue has little proteolytic 
activity at the alkaline pH of the substrate used herein. In 
contrast, fresh rat pancreas homogenates are active. The 
activity of both chick and rat pancreas was increased markedly 
by preincubation of the homogenates in the presence of Ca++ 
or Mn++ ions prior to their addition to the casein-borate buffer 
digestion mixture. From these data it cannot be determined 
whether the ion effect was due to an activation, greater 
enzyme stability or to protection of the enzyme against auto
digestion.

A  possible explanation might be drawn from the studies 
with crystalline trypsin and chymotrypsin. Here the ions 
appeared to protect the fully activated enzymes from loss of 
activity, presumably by autodigestion. The work of Bier and
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Nord ( ’51a, ’51b), Gorini ( ’50, ’51), and Nord et al. ( ’53, ’56) 
suggests that protection does occur. It is also known that 
calcium increases the yield of trypsin from trypsinogen in 
vitro, Delezenne ( ’05), McDonald and Kunitz ( ’41) and 
Pechere and Neurath ( ’57). Neither calcium nor manganese 
exerted an effect on the activity of the pancreatic enzymes 
when added to the casein-borate buffer substrate. Therefore, 
the role of the ions (Ca++ and Mn++) did not appear to involve 
a direct contact or reaction with the pancreatic enzyme which 
is in agreement with the report of Green and Neurath ( ’53) 
showing that the active divalent ions are not involved in the 
trypsin-substrate complex. Perhaps, the explanation lies in 
the effect of calcium and manganese on the nature of the 
equilibrium between native active trypsin and denaturated 
trypsin. Nord and Bier ( ’53) found that calcium additions 
to trypsin solutions altered the ultra-centrifuge and electro
phoretic patterns for the protein, indicating an intimate 
reaction between the enzyme and metal. Carr ( ’53) showed 
that trypsin will bind considerable quantities of calcium ions.

The pancreatic tissue from manganese-deficient rats ap
parently contained as much proteolytic activity as the pan
creas from manganese-supplemented rats, as estimated in 
vitro, after preincubation in the presence of Ca++ or Mn++. 
The activity of the unincubated fresh tissue, however, was 
considerably lower in the deficient group. This suggests that 
the enzymes were present but in an inactive form, possibly 
in the denatured form described by Kunitz and Northrop 
( ’34), and that Ca++ or Mn++ supplied in vitro eventually 
enabled the enzymes to be activated. Another consideration 
is that even though the ration was low in manganese, the 
rats were receiving adequate calcium.

If this effect were manifest in pancreatic secretions in vivo, 
it is possible that protein digestibility would be reduced in a 
manganese deficient animal. The data did not suggest that 
feeding the manganese-deficient diet used altered protein 
digestion or nitrogen absorption. It appeared that differences 
noted in nitrogen retention were due to factors other than
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lowered pancreatic enzyme activity. The protein, casein, used 
in these experiments is known to be readily digestible. Pos
sibly a different result could be obtained using a less digestible 
protein in a low-manganese ration.

S U M M A R Y

Incubation of chick and rat pancreatic homogenates in the 
presence of Ca++ or Mn++ ions prior to combination with the 
substrate increased the proteolytic activity of these homo
genates. Similar incubation of purified chymotrypsin or 
trypsin provided a protection against autodigestion but did 
not increase the enzyme activity.

The ions Zn++, Mg++, Sr++, and Co++ exhibited some activation 
effect but were never as marked as Ca++ or Mn++. The pH for 
the maximum effect of Ca++ was 5.9.

Pancreatic tissues from rats fed a manganese-deficient ra
tion and chicks fed a practical corn soya ration without added 
manganese exhibited as much proteolytic activity as those of 
control animals. Homogenates prepared from pancreatic 
tissues from deficient animals had to be incubated longer with 
the divalent ions to obtain maximum proteolytic activity.

A  dietary manganese deficiency in rats fed a purified type 
of diet did not lower the digestibility of the protein in the 
ration.
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sucrose, 40; corn oil, 7.4; bulk,3 15; salts 4, 4 (Hegsted et al., 
’41); potassium acetate, 2.5; magnesium oxide, 0.5; vitamin 
mixture, 0.25; and choline chloride, 0.35. The vitamin mixture 
contained inositol, 200 gm; niacin, 20 gm ; para-amino-benzoic 
acid, 10 gm; calcium pantothenate, 8 gm; riboflavin, 3 gm; 
thiamine• HCl, 2 gm; pyridoxine-HC1, 2 gm; folic acid, 1 gm; 
cyanocobalamin, 4 mg. The animals received daily a supple
ment of 5 mg of ascorbic acid/100 gm body weight. Each 
animal received weekly two drops of a fat-soluble vitamin con
centrate containing haliver oil, 20 parts (vol.) ; a-tocopherol 
7.2 parts (w t); menadione, 0.120 parts (wt) ; and corn oil to 
make 50 parts (vol.)

Experiment 1. Seven young adult guinea pigs weighing 
from 350 to 600 gm were given the diet described above and 
were weighed once a week. After the appearance of symp
toms of biotin deficiency the animals were given a single in
jection of 80 gg of biotin (sodium salt) subcutaneously, and, 
thereafter, injections of 10 mg of biotin daily.

Experiment 2. This experiment was conducted in a man
ner identical to that of experiment 1 except that 12 adult 
guinea pigs weighing from 600 to 800 gm were used.

Experiment 3. Thirteen one- to two-day old guinea pigs 
were divided into two groups of 6 and 7, respectively. Group 
1 received the raw egg white diet supplemented with biotin; 
group 2 received the biotin-deficient diet used in experiments
1 and 2.

RESULTS

The animals in experiment 1 as well as those in experiment
2 did not readily adapt to the diet containing raw egg white. 
This slow acceptance of the diet was at least partially re
sponsible for the initial weight loss as shown in figure 1. 
After they had adapted to the diet the rate of weight loss 
decreased; however, due to biotin deficiency, the animals were 
unable to grow, and some weight loss continued to occur. 
During the 56-day depletion period in experiment 1 the

8 Solkafloc, Brown Company, Berlin, New Hampshire.
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average weight loss was 45 gm; in experiment 2 the depletion 
period was 70 days and the average weight loss was 123 gm.

The first symptom observed in addition to failure to grow 
was alopecia, which was usually confined to the dorsal poste
rior area of the pelage. This developed after approximately

Pig. 1 Changes in body weight of guinea pigs during biotin depletion and 
repletion. The vertical arrows indicate the point at which biotin supplementation 
was begun. Lower curve, experiment 1, points represent the averages for 7 
animals until 21 days, for 6 animals thereafter. Upper curve, experiment 2, points 
represent the averages for 12  animals until 28 days, 6 died between the 28th 
and 56th day, thereafter points represent the averages for 6 animals.

4 weeks. By the 8th week of the experiment a decoloration of 
the coat was noted in 5 of the 7 animals. The fur developed a 
coarse texture. This was particularly noticeable in the white 
guinea pigs. The two black animals became gray (see 
figure 2); the three red ones became blonde.

Half of the adult animals used in experiment 2 died before 
supplementation was begun but the survivors developed the
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same pattern of alopecia and coat decoloration as was seen 
in experiment 1.

The animals of both experiments 1  and 2  r e s p o n d e d  t o  
biotin supplementation by an increase in weight (as shown 
in figure 1). The surviving animals in experiment 1 gained 
85 gm in 28 days, those in experiment 2 gained 110 gm in 
28 days. In addition, the pigmentation and texture of the hair 
coats returned to normal (see figure 2).

The infant animals of experiment 3 failed to adapt to the 
raw egg white-sucrose diet. Only one survived beyond 10 
days. On autopsy renal hemorrhage occurring at the pelvis of 
the kidney was observed in 11 of the 13 animals.

DISCUSSION

The results reported above indicate that a biotin deficiency 
can be induced in the guinea pig by dietary means. However, 
it is probable that the biotin needs of this species can usually 
be met through intestinal synthesis by the microflora and that 
a dietary requirement can be demonstrated only by feeding 
avidin or possibly certain sulfa drugs. This would account 
for Reid’s ( ’54) failure to observe signs of biotin deficiency 
since she merely omitted the biotin from an otherwise com
plete diet.

Lease et al. ( ’37), in comparing the effect of egg white in
jury in various species, did not obtain well-defined symptoms 
in the guinea pig as they did in other species. They also en
countered difficulty in getting the animals to adapt to the 
diet containing egg white and, from the weight gains reported 
in their paper, it is evident that the diet was inadequate.

Several factors may be responsible for our success in pro
ducing a biotin deficiency: (1) any biotin arising through in
testinal synthesis was made unavailable as the avidin-biotin 
complex; (2) an adequate purified diet was available which 
resulted in a weight gain of from 4 to 5 gm/day when all of 
the vitamins were supplied; (3) the young adult and adult 
animals were able to adapt fairly wrell to the diet containing 
egg white as the entire source of protein.
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The loss of weight, alopecia and graying that occurred in 
guinea pigs fed this biotin-deficient diet have been observed 
in other species: e.g., in the rat (Boas, ’27; Parsons et al., 
’37), the rabbit (Lease et ah, ’37), the monkey (Lease et ah, 
’37; Waisman et ah, ’45) and the mouse (Wilson et ah, ’49).

In view of the evidence presented, it may be concluded that 
a dietary deficiency of biotin can be demonstrated in the 
guinea pig.

SUMMARY

Guinea pigs were fed a biotin-deficient diet containing raw 
egg white as the source of protein. The following symptoms 
were observed: loss of weight, alopecia, and decoloration of 
the fur. These symptoms were cured by biotin supplemen
tation.
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The biological relationship between ascorbic acid and the 
bioflavonoids has been the subject of much confusion due to 
the fact that contradictory results have been obtained by 
different investigators and on occasion by the same group of 
workers. This subject has been reviewed recently by Shils 
and Goodhart ( ’56). Pertinent to the experiment described 
here are several observations dating from the original report 
from Szent-Gyorgyi’s laboratory (Bentsath et al., ’36) in 
which it was reported that scorbutic guinea pigs lived longer 
when given an extract of citrus fruit containing flavonoids. 
A  number of investigators failed to confirm this work (Shils 
and Goodhart, ’56). Despite the lack of confirmatory evidence 
that these materials influence the severity of scurvy in experi
mental animals, there are reports indicating that flavonoids 
increase the biological value of a given quantity of ascorbic 
acid, aid in the maintenance of capillary integrity, and influ
ence the tissue concentrations of ascorbic acid. Todhunter 
and associates ( ’40) found that pure ascorbic acid Avas biolog
ically less effective than an equivalent amount of ascorbic 
acid administered as lemon juice. Cotereau and co-Avorkers 
( ’48) claimed that the administration of a flavonoid, catechin, 
increased the ability of the guinea pig to maintain high tissue

1 This investigation was supported in part by a research grant from the National 
Vitamin Foundation, Inc.
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levels of ascorbic acid. Papageorge and Mitcliell ( ’49) re
ported that rutin (the 3-rutinoside of quercetin, which is 
3, 5, 7, 3', 4'-pentahydroxyflavone), when given to guinea pigs 
receiving adequate amounts of ascorbic acid, increased the 
levels of adrenal ascorbic acid but had no influence on plasma 
or liver levels. Papageorge and co-workers ( ’50) later re
ported their inability to confirm these observations. Ambrose 
and DeEds ( ’49) found that a combined supplement of a 
subminimal amount of ascorbic acid and rutin was apparently 
more effective in prolonging the lives of guinea pigs on a 
scorbutogenic diet than was either of the materials given sep
arately. Using the odontoblast cell assay, Crampton and 
Lloyd ( ’50) noted that the biological value of a suboptimal 
amount of ascorbic acid was increased significantly by supply
ing rutin to the animals.

In none of the experiments mentioned above was a purified 
diet used, nor has anyone systematically studied the effects 
of a bioflavonoid on the tissue levels of ascorbic acid when the 
test animals were receiving graded doses of ascorbic acid. 
For these reasons we have fed guinea pigs a purified diet 
supplemented with varying amounts of ascorbic acid and with 
a constant amount of rutin and determined the levels of 
ascorbic acid in the adrenal glands and the liver.

EXPERIMENTAL

Young guinea pigs of both sexes weighing between 180 and 
480 gm were fed a modification of the diet of Reid and Briggs 
( ’53) as shown in table 1. It was found necessary to replace 
half the starch with sucrose in order to stimulate sufficient 
food consumption. The amounts of all the vitamins except 
tocopherol acetate were doubled because in preliminary ex
periments it was found that much better growth was obtained 
at these levels. Food and water were given ad libitum for 
three weeks. Animals were given daily oral supplements of 
zero, 0.5, or 1.0 mg of ascorbic acid per 100 gm body weight 
or 5 mg of rutin or both, as appropriate during this period.
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The rutin was made up by grinding with an equal weight of 
starch and suspending in water to give a suitable volume for 
oral administration. Weights and any evidence of gross signs 
of scurvy were recorded biweekly. At the end of the feeding 
period the animals were killed by stunning and decapitation. 
The tissues were quickly dissected out, weighed and sub
jected to the ascorbic acid analysis of Roe and Oesterling 
( ’44) as modified by Bolin and Book ( ’47).

TABLE 1

C o m p o s it io n  o f  d ie t

I N G R E D I E N T S A M O U N T I N G R E D I E N T S A M O U N T

gm/kg mg/kg

Casein 300 Thiamine'HCl 32
Cottonseed oil 43 Riboflavin 32
Cod liver oil 30 Pyridoxine-HCl 32
Sucrose 205 Calcium pantothenate 80
Cellu flour 150 Niacin 400
Corn starch 100 Biotin 1.2
Cerelose 78 Polic acid 20
Potassium acetate 25 Vitamin B12 0.08
Magnesium oxide 5 a Tocopherol acetate 20
Salts1 60 Menadione 4
Choline chloride 2
Inositol 2

'B riggs et al. ( ’52).

RESULTS AND DISCUSSION

Table 2 shows the results of the ascorbic acid analyses of 
the liver and adrenal glands. Note that rutin exerted no 
influence on the liver ascorbate levels at any level of ascorbic 
acid supplementation. The adrenal concentrations were 
markedly increased by rutin at the supplementation levels 
of 0.5 and 1.0 mg per 100 gm body weight per day and rutin 
was without influence when no ascorbic acid Avas given to the 
animals. The adrenal ascorbic acid values obtained in the 
groups receiving rutin were compared statistically with those 
not receiving it by the Student “ t ”  test. Values of P obtained 
indicated that the differences between the means of the groups
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receiving supplements of 0.5 and 1.0 mg per 100 gm of body 
weight are highly significant (P values of <  0.01). This, taken 
with the fact that the response to the level of ascorbic acid 
administration was excellent, indicates that rutin acts to spare 
adrenal ascorbic acid at intake levels which are probably 
sufficient for growth but not for other functions (Reid, ’58) 
while it is without effect on the liver levels. There were no 
differences in average growth rates between groups. The 
development of gross scurvy was not observed in the three- 
week feeding period in any of the groups receiving ascorbic

TABLE 2

E f f e c t  o f  ru tin  on  l iv e r  a n d  a d ren a l a s c o r b ic  a cid  lev e ls  o f  g u in ea  p ig s

S U P P L E 
M E N T A R Y

O R A L
A S C O R B I C

A C I D

L I V E R  A S C O R B I C  A C I D  
( M G / 1 0 0  G M  W E T  T I S S U E )

+  Rutin — Rutin

A D R E N A L  A S C O R B I C  A C I D  
( M G / 1 0 0  G M  W E T  T I S S U E )

+  Rutin — Rutin

{ m g /  d a y  / 1 0 0  

g m  b o d y  w t )
( 5  m g / d a y ) ( 5  m g / d a y ) ( 5  m g / d a y ) ( 5  m g / d a y )

0 4.9 ±  1 .0 1 4.8 ±  0.7 27.2 ±  1.4 28.5 ±  2.0

(7) 2 (7) (6 ) (6 )
0.5 8.8 ±  2.0 8.3 ±  1.6 60.3 ±  4.3 44.8 ±  7.3

(7) (6 ) ( 6 ) (6 )
1.0 14.7 ±  2.6 13.5 ±  1.4 87.4 ±  5.6 79.3 ±  3.8

(7) (6 ) (7) (6 )

1 Standard deviation of the mean.
2 Number of animals.

acid. When signs of scurvy were seen in the groups receiving 
no ascorbic acid, there appeared to be no differences in time 
of onset or severity which were attributable to rutin admin
istration. Only a few animals in either of the groups receiving 
no ascorbic acid developed such signs, however.

Douglass and Hogan ( ’58) found that flavonols are rapidly 
destroyed in liver tissue but are relatively stable in adrenal 
homogenates. Assuming that rutin is hydrolyzed in the 
gastrointestinal tract to its aglycone quercetin and that this 
is the form in which the flavonoid is absorbed and transported 
to the tissues, any protective effect which these materials may 
have on ascorbic acid would be expected to be apparent in
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tissues which lack the ability to catabolize them. Hence, if 
a protective effect is to be expected, it should be seen in the 
adrenals and not in the liver.

SUMMARY

With the addition of rutin to diets of guinea pigs receiving 
less than optimal levels of ascorbic acid an increased adrenal 
ascorbic acid was observed. Liver ascorbic acid levels were 
not different from those of comparable animals without rutin 
supplementation.
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Fatty livers associated with choline deficiency have been 
described for the rat (Best and Huntsman, ’32), mouse 
(Header and Williams, ’57), rabbit (Hove et ah, ’54), guinea 
pig- (Casselman and Williams, ’54), dog (Burns and McKib- 
bin, ’51), pig (Johnson and James, ’48) and calf (Johnson 
et ah, ’51).

Best and Huntsman ( ’35) demonstrated that the choline 
requirements of the rat could he spared by raising the casein 
content of the ration to 20%, and Tucker and Eckstein ( ’37) 
explained this effect of casein by its methionine content. 
According to du Yigneaud et al. ( ’39) methionine acts as a 
methyl donor for tissue synthesis of choline. However, the 
tissues of the rat are able to synthesize the methyl group from 
glycine and serine if sufficient folic acid and vitamin B12 are 
available (Stekol et ah, ’52). In confirmation of this, Burns 
and McKibbin ( ’51) demonstrated that the fatty livers of dogs 
raised on choline-deficient diets could be corrected or pre-

'F rom  the Department of Internal Medicine; head, Prof. A. B. Ulhoa Cintra. 
Hospital das Clínicas. Faculdade de Medicina da Universidade de S. Paulo.

2 Assistant to Prof. Adriano Pondé, Faculdade de Medicina da Bahia, Brasil ; on 
a fellowship at the Department of Gastroenterology; head, Dr. J. Fernandes Pontes. 
Hospital das Clínicas, Faculdade de Medicina da Universidade de S. Paulo; de
ceased, October 9, 1958.

3 Head, Prof. Franklin A. de Moura Campos.
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vented by vitamin B12, and Young et al. ( ’55) observed that 
the choline requirements of chicks are one-tenth as much 
when a ration containing folic acid is fed.

Dragstedt and associates ( ’36) observed that the lipotropic 
effect of beef pancreas on pancreatectomized dogs could not 
be explained on the basis of its choline content and postulated 
the existence of a lipotropic hormone to which they gave the 
name “ lipocaic.”  According to other investigators (Chaikoff 
and Entenman, ’48), the lipotropic activity of beef pancreas 
on pancreatectomized dogs can be explained by its content of 
proteolytic enzymes.

Preliminary results (Carvalho da Silva et al., ’58) indicated 
that the domestic cat develops high levels of liver fat when 
maintained on a purified diet containing 35% casein and 
supplemented with 300 mg of choline on alternate days. In 
this paper are presented data demonstrating that this species 
requires choline as a growth and a lipotropic factor when 
fed a diet containing 42% casein. The influence of supple
ments of raw beef liver and raw beef pancreas was also 
studied.

EXPERIMENTAL

Thirty young male and female growing cats were used in 
this study. They were housed separately in screen-bottom 
cages kept in a constant-temperature room (24 to 26°C). For 
a period of three weeks the animals were fed ad libitum a 
diet composed of equal parts by weight of ground raw beef 
heart and bread, supplemented with 2% cod liver oil. At the 
end of this period the cats were distributed among 6 groups 
of 5 animals each. Groups I to V inclusive were fed rations 
I to Y (table 1). Group VI was fed a “ natural ration”  the 
composition of which is likewise shoAvn in table 1.

The weights of the animals and their food consumption were 
recorded three times a week. After 8 weeks on experiment, 
blood counts were performed on samples collected from the 
saphenous vein (Carvalho da Silva et al., ’55). The animals 
were deeply anesthetized 4 and the liver used for fat deter-

4 Nembutal, Abbott, was used.
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minations and histologic sections. Tissue sections were stained 
with hematoxylin and eosin, Sudan III and for reticulum by 
the Foot technic (Foot, ’24).

Total liver fat was determined by the method of Yan de 
Ivamer and associates ( ’49); after saponification with 60% 
KOH, acidification and extraction with petroleum ether, the 
extract was titrated with 0.1 N KOH in isobutanol using a 
solution of thymol blue in isobutanol as indicator.

One animal in group VI died at the beginning of the ex
periment and was discarded; one cat in group II died during 
the 5th week and one in group Y died during the 6th week; 
both were studied and their data included in the results.

RESULTS

Growth. The average and individual growth rates are pre
sented in figure 1. The purified diet without choline (group I) 
did not support growth; when 0.1% choline was added (group 
II), there was a small weight gain during the first half of the 
experimental period; better and continuous growth was ob
served with the 0.5% choline supplement (group III). Growth 
rates of the same order as in groups II and III were observed 
when 10% liver (group IY) and 10% pancreas (group Y) 
were added to the purified diet without choline. The “  natural 
ration”  (group YI) supported better growth, which accords 
with previous experiments (Carvalho da Silva, ’50; Carvalho 
da Silva et al., ’58).

Liver fat. Data on total liver fat in the 6 groups are pre
sented in table 2. Higher values were obtained with the 
purified diet (groups I to Y inclusive) than with the “ natural 
diet”  (group VI), but it is evident that with choline supplied 
at the level of 0.5% (group III) there was an appreciable re
duction. Supplements of 0.1% choline, 10% liver and 10% 
pancreas were without effect.

Food consumption. The average food consumption for the 
6 groups is presented in table 2. It is evident that the better 
growth with the “ natural diet”  (group YI) was associated 
with a greater food intake, and that the group that showed the
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poorest growth, namely the one on the choline-deficient ration, 
ate the least. The food intakes for the other groups were 
intermediate. These results are what would be expected.

Hematology. The values for red cell counts, hematocrit, 
hemoglobin and white cell count were normal for cats of 
these ages (Carvalho da Silva, ’50).

TABLE 2

T o ta l  l iv e r  f a t  a n d  f o o d  c o n su m p tio n

C H A R A C T E R IS T IC
GROU P F E A T U R E  O F

T H E  D IE T

T O T A L  FOOD
L IV E R  F A T  C O N S U M P T IO N  1

g m / 1 0 0  g m  w e t  t i s s u e  g m / d a y

I Basal diet, no choline 21.1 2.75 2 28.8 0.53
II Basal diet with 0.1% choline 22.4 4.00 37.5 1.19

III Basal diet with 0.5% choline 11.5 1.00 46.1 1.72
IV Basal diet with 10% liver 23.5 2.92 50.6 1.67

V Basal diet with 10% pancreas 21.7 4.98 40.2 2.65
VI ‘ ‘ Natural ration ’ ’ 5.8 0.62 62.0 4.66

1 Average values are presented because the food intake was maintained prac
tically constant during the experiment. The values for the ltnatural ration** were 
corrected for the amount of water added during the preparation.

2 Standard error.

Histology of the liver. The histologic studies of the liver 
(plate 1) indicate a fatty infiltration as would be expected 
in view of the data presented in table 2. In group I (without 
choline) gross fatty deposition with confluent fatty cysts was 
present at the periphery of the lobules; the fatty infiltration 
of the centrolobular area was of mild degree. Pronounced 
perilobular fibrosis could be demonstrated by staining with 
hematoxylin and eosin and by the Foot method. In group
II (0.1% choline) the periportal boundaries were heavily 
infiltrated with fat but the centrolobular areas were well pre
served. Perilobular fibrosis was much less evident. In group
III (0.5% choline) there was a mild perilobular infiltration 
of fat with normal centrolobular areas and without evidence 
of fibrosis. Group IV (without choline added but with 10% 
liver) and group V (without added choline but with 10%
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pancreas) exhibited the same pattern as group I, the group 
that was on the basal choline-deficient diet.

DISCUSSION

The choline requirement of groAving cats, as a growth and 
lipotropic factor, Avhen fed a 42% casein diet, is difficult to ex
plain. The choline requirement to prevent fatty livers in rats 
is approximately 5.5 mg daily (Griffith and Mulford, ’41); 75 
mg % of choline is sufficient to prevent and to correct fatty 
infiltration in puppies raised on a 19% casein diet (Burns and 
McKibbin, ’51). Normal livers were observed in pigs (John
son and James, ’48) and calves (Johnson et al., ’51) fed diets 
containing 0.2% choline. In contrast to these results, no 
complete protection was observed in growing cats, even Avhen 
0.5% choline and 42% casein A\Tere used, Avith an average 
choline intake of 250 mg per day. However, the livers were 
normal on the “ natural ration”  Avhich furnished approxi
mately 30 mg of choline daily, as calculated from the choline 
content of the natural foods used to make up the ration 
(Griffith and Nyc, ’54).

As the mixture in the vitamin supplement used in our ex
periments did not contain vitamin B12 it Avould be reasonable 
to assume that the fatty liAmrs Avere caused by a deficiency of 
B12. Burns and McKibbin ( ’51) were able to correct the fatty 
liA7ers of puppies raised on a purified diet without choline 
by the administration of vitamin B12. However, no protection 
Avas afforded to our animals by supplementing the diet with 
10% beef liver, Avhich supplied approximately 0.5 qg of 
vitamin B12 per animal per day (Ungley, ’55). According to 
Drill ( ’54), factors other than choline, vitamin B12 and folic 
acid are required to alloAV maintenance of normal liArer fat 
in rats.

The possibility of a “ lipocaic deficiency”  in our experiments 
is excluded by the results obtained in group V Avhich was fed 
the basal choline-deficient diet supplemented with 10% frozen 
raAV beef pancreas.
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Although the fatty infiltration in animals exhibiting ex
perimental choline deficiency is described as being predomi
nantly centrolobular in character, in our experiments the dis
tribution was periportal. Periportal fatty infiltration has 
been related to protein deficiency in rats (Best et al., ’56), and 
has also been described in kwashiorkor in children (Trowell 
et al., ’54). In view of these observations it would be desir
able to investigate in cats the effects of other levels and of 
other types of protein.

Further studies are necessary to disclose the mechanisms 
of fatty infiltration seen in the present experiments, but it 
seems obvious that the domestic cat offers an opportunity to 
investigate new aspects of this problem; and it is even pos
sible that the transfer of methyl groups of methionine to 
choline does not occur in this species; according to Best et al. 
( ’54) this finding would be of the utmost importance for in
vestigative purposes.

SUMMARY

Fatty livers were produced in growing cats after 8 weeks 
of subsistence on a diet containing 42% casein and 24% hydro
genated coconut fat; the fatty infiltration was not influenced 
by feeding supplements of 10% raw beef liver or 10% raw beef 
pancreas. Choline to the extent of 0.1% was ineffective as a 
lipotropic agent but did produce a mild growth response; 
0.5% choline caused an appreciable reduction in the fatty 
infiltration and improvement in the growth rate. The deposi
tion of fat was principally in the periportal spaces and not 
around the centrolobular vein as usually described for choline 
deficiency in other species.
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EFFECT OF LEVEL OF PROTEIN FEEDING UPON 
NUTRITIONAL VALUE OF LYSINE- 

FORTIFIED BREAD FLOUR1
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D e p a r tm e n t  o f  F o o d  T e ch n o lo g y , M a ssa ch u se tts  I n s t i t u t e  

o f  T e c h n o lo g y , C a m b rid g e

(Received for publication April 3, 1958)

Many investigators have confirmed the observation first 
made by Osborne and Mendel ( T4) that the growth of rats is 
significantly improved by the addition of lysine to wheat pro
tein. These investigators have generally reported, however, 
that lysine-fortified wheat protein is still considerably in
ferior to animal proteins.

Essentially all these comparisons have been made with diets 
containing only 12, 10, 8 or even 5% of total protein. Osborne 
et al. ( ’19) had demonstrated in growth experiments, and 
Mitchell ( ’23-’24) in nitrogen balance studies, that the utiliza
tion of protein is affected by its dietary level. Barnes et al. 
( ’45) and others, have reported that the efficiencies of animal 
proteins are highest when fed at low levels (8 to 12%) in the 
diet of rats, whereas the efficiencies of cereal proteins improve 
as the level in the diet approaches 20%. Indeed, Barnes and 
Bosshardt ( ’46) commented that “ the common practice of 
employing a 10% protein diet, regardless of the nature of the 
protein, will result in a considerable distortion of nutritive 
values, and the magnitude of the error will increase as the 
nutritive quality of the protein decreases.’ ’

Thus it may not be advisable to compare vegetable with 
animal proteins using diets containing low levels of protein.

1 Presented at the 133rd national meeting of the American Chemical Society, 
April 14, 1958, at San Francisco. Contribution no. 365 from the Department of 
Food Technology, Massachusetts Institute of Technology, Cambridge.
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Possibly the tradition for the use of low-protein diets devel
oped because most vegetable foods are low in content of pro
tein (i.e., rice 7.6%, corn meal 7.8%, potato flour 7.0%, banana 
1.2%, farina 10.9%, squash 1.9%, sweet potato 1.8%, etc., Watt 
and Merrill, ’50), for when a diet contains a maximum amount 
of one of these foods, the protein content cannot exceed 12%. 
It is necessary first to concentrate these food proteins in order 
to feed them at high levels in experimental diets.

Eats are truly in a state of protein starvation when they are 
maintained on diets containing as little as 12% protein. A 
level of at least 15% protein of high biological value is re
quired in the diets of rats to produce satisfactory growth, and 
as much as 25% protein is required for the most rapid weight 
gain (Zucker and Zucker, ’44). It may be questioned, there
fore, whether comparisons of proteins in protein-starved rats 
are valid.

It is logical to suggest that when a food is evaluated for 
human use, the protein should be fed in the diet of experi
mental animals at a level approximating that of the dietaries 
of human beings. Dole ( ’57), using the Food and Agriculture 
Organization (Anon, ’55) statistics of food, calculated that 
31 of 32 nations consume in excess of 10% of protein calories 
and that 6 nations consume more than 13% of protein calo
ries. From the data on food consumption in the United States 
according to different income groups (Anon, ’49), Dole found 
that practically all groups consume 10 to 13% of protein calo
ries. This is in good agreement with our calculation from re
cently published data (Anon, ’57) that the average “ con
sumption”  in the U. S. in 1955 was about 11% protein calories.

All these data represent food disappearance rather than 
food consumption. For instance, the 1955 survey (Anon, ’57) 
showed that an average of 3200 Cal. per capita were brought 
into the kitchen; however, food discarded during or after pre
paration or as plate waste was not deducted. Since it is custom
ary to reject the carbohydrate and fat portions of food and 
to retain the protein portions, it is likely that, the value for 
protein calories actually consumed was even higher than 11%.
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The fat content of the average diet is not known exactly. 
It has been reported (Anon, ’57) that the food entering kitch
ens of 5050 homes in the U. S. in 1955 contained 44% of fat 
calories. The Food and Nutrition Board of the National Re
search Council (Anon, ’53) has advised 20% fat calories in the 
diet. The true intake in this country lies between 20 and 
44%. Diets which contain 20 to 44% of fat calories and 11 to 
13% of protein calories will contain 10 to 25% of fat and 12 to 
15% of protein, dry basis. Thus, the diets of mankind appear 
to contain at least 12 to 15% of protein, and the average diet 
in the United States contains nearly 15% of protein.

These calculations indicate that protein evaluation studies 
would have more meaning in terms of human nutrition if the 
level of protein in the experimental diets approached 15% 
rather than 8%. One purpose of the research reported here 
was to evaluate the effects of lysine supplementation of flour 
protein when fed at 8% and 15% levels, in comparison with 
egg albumin at these levels.

A second purpose in this study was to evaluate the possible 
effects of imbalance when an excess of lysine is added to wheat 
flour. Berg ( ’53) indicated that the percentage of DL-lysine 
required to stop growth in rats was at least 8 times that needed 
for maximal gains in weight. Elvelijem and Harper ( ’55) have 
summarized reports that excess levels of certain amino acids 
may increase the requirements of other amino acids, may inter
fere with growth, or even be toxic. Though it is unlikely that 
flour will be fortified with excess lysine because of the high 
cost, it is important to determine whether the imbalance pro
duced by adding a large excess of lysine is in any way harmful.

EXPERIMENTAL PROCEDURE

The diets used in this research are modifications of those 
used by Deshpande et al. ( ’55). The diets in series I (see table 
1) contained 8% protein supplied by 70% extraction bread 
flour (diets A to D) or by egg albumin (diet E). Diets A to D 
were fortified with 0, 0.31, 0.62 and 3.48 gm of L-lysine-HCl 
per 100 gm of diet. The latter level of lysine is 5 to 8 times
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that reported by Rosenberg and Rohdenberg ( ’52) and by 
Sure ( ’57) to be necessary to prevent lysine from being the 
most limiting amino acid in wheat flour. The diets in series II 
contained 15% protein supplied by bread flour (8%) and wheat 
gluten (7%) (diets F to I) or by egg albumin (diet J). Diets 
F to I were fortified with the same amounts of L-lysine-HCl 
per gram of protein as diets A to D, respectively.

The lysine content of each of the dietary constituents Avas 
estimated microbiologically (Barton-Wright, ’52) using B. 
mesentericus, and from these data the lysine content of each 
diet Avas calculated (table 1). The amino acid content, and 
especially the lysine content, of Avheat gluten (Pence et al., 
’50) is very similar to that of bread flour (Hepburn et al., ’57).

The moisture and protein contents of the foods used in these 
diets were: wheat bread flour (10.6 and 12.8%), wheat gluten 
(6.0 and 79.3%), Avheat starch (9.2 and 0.26%), egg albumin 
(7.9 and 80.2%), respectively. The protein content of the 
wheat products Avas calculated by the factor N X 5.7; that 
of the egg albumin Avas calculated by the factor N X 6.25.

Two hundred and fifty-two male weanling rats (Sprague- 
Dawley) Avere placed in individual metal cages (12" X 3" X 
5") with raised bottoms and offered diet A (table 1) for three 
days. They were then divided into 10 groups of 24 each and a 
half group of 12, with equal distribution according to weight 
and litter, and assigned to diets A to J (table 1). The diets 
and distilled Avater were offered ad libitum.

On day zero the 12 rats in the half-group (group K) were 
sacrificed by decapitation. The livers were pooled, weighed 
and preserved at —18°C until analyzed. The entrails and 
organs were removed, the carcasses were pooled, weighed, 
macerated and preserved at —18°C until analyzed.

The body weight of each surviving rat was recorded twice 
during the first week, then weekly until the end of the experi
ment. Records were made of the food intake on a group basis 
(table 4). At the end of 14 days, and again after 28 days, 
12 rats from each group were sacrificed, and the pooled livers
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and carcasses were prepared and preserved as above until 
analyzed.

The water, alcohol-ether extract, nitrogen and ash contents 
of each of the pooled samples of liver and carcass were esti
mated according to AO AC ( ’55) procedures, and are reported 
in table 2. The increases in carcass nitrogen per gram of food 
nitrogen are presented in table 4.

RESULTS AND DISCUSSION 

Series I. (8% protein diets)

Body iveight gains. During the 28-day period, the weight 
gain of group A (5.9 gm) was significantly less than the gains 
of groups B to E, the body weight gain of group E (91.3 gm) 
was significantly greater than the gains of groups A to D, 
and the gains of groups B, C and D were the same (table 3). 
These data indicate that lysine was the limiting essential 
amino acid of the flour protein, that 0.62 gm of L-lysine-HCl 
per 8 gm of bread flour protein was sufficient to remove this 
limitation, and that the lysine-fortified protein was inferior 
to the egg albumin protein when fed in these diets at the 8% 
level. The high level of lysine in diet D had no adverse effect 
on body weight gain.

Protein efficiency (P.E.). The effects of differences in the 
amount of diet consumed by rats fed ad libitum may be cor
rected to a considerable extent by calculating the grams gain in 
body weight per gram of protein consumed (P.E.) These data 
are presented in table 3 on a weekly basis and on a 28-day 
basis. During each time interval, the group which received 
the egg albumin (E) showed a higher P.E. than the groups fed 
lysine-supplemented flour (B,C,D), and these in turn showed 
a higher P.E. value than the group fed the unsupplemented 
flour (A). Thus, the lysine supplementation improved the 
nutritional value of the wheat flour, but egg albumin was still 
significantly superior.

Liver composition. The livers of the rats fed bread flour 
(A) contained more ether-extract and less nitrogen than the
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livers of rats fed lysine-supplemented bread flour (B,C,D). 
Lysine deficiency causes fatty livers in rats (Harper, ’56), and 
is curable and preventable by lysine supplementation. The 
livers of the rats fed egg albumin (E) for 14 days Avere heavier 
and contained less water than the livers of rats fed lysine in 
the diet (B,C,D); in other respects they were similar. After 
28 days, the livers of the rats fed egg albumin (E) contained 
slightly more fat and less nitrogen than the lysine-supple
mented groups. The liver data do not show any inferiority in 
the lysine-supplemented groups as compared to the group fed 
egg albumin.

Carcass composition. The moisture, alcohol-etlier extract 
and nitrogen contents of the carcasses of the 5 groups of rats 
(A to E) were not significantly different at the end of either 
14 or 28 days. The ash content of the carcasses was lowest in 
the rats fed egg albumin (E), and highest in the group fed 
unsupplemented bread flour (A). This may be interpreted to 
mean that the lysine-deficient protein-starved rat deposits 
less body tissue per gram of skeleton.

The increases in carcass N per gram of dietary N, as a 
result of feeding diets A to E during days zero to 14, 14 to 28 
and zero to 28, are presented in table 4. The amount of lysine 
fed in the diet of group D was excessively high, and undoubt
edly a significant amount of it was not utilized in protein syn
thesis. Since supplementation of the flour with 0.62 gm of 
lysine per 100 gm of diet Avas ample, diet D contained 1.86 gm 
of lysine per 100 gm Avhich was not biologically effective. If 
this excess is omitted in the calculation of the protein efficiency 
the “ corrected”  P.E. for group D is identical to that of group
C. Therefore, the excess lysine had no effect on the efficiency 
of carcass protein synthesis.

The efficiency of carcass synthesis in the groups fed 8% 
egg albumin diets (table 4) was about three times better than 
that of any of the groups fed 8% wheat flour diets supple
mented with lysine. It is clear that the lysine-fortified Avheat 
flours were biologically inferior to egg albumin, when fed at 
8% levels in the diet.
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Series 11. (15% protein diets)

Body weight gains. During the 28 days’ feeding of 15% 
protein diets, the weight gain of group F (26.1 gm) was sig
nificantly less than the gains of groups G to J, and the body 
weight gain by group H (119.0 gm) was significantly higher 
than the gains by groups G, I and J, which were not sig
nificantly different (table 3). These data indicate that lysine 
was the most limiting amino acid of the flour protein, that this 
deficiency Avas not overcome by adding 0.59 gm of L-lysine -HC1 
(group G), but Avas overcome by adding 1.18 gm of L-lysine- 
HC1 per 15 gm of A\dieat protein (group H), and that the 
body weight gains of the rats fed this lysine-fortified protein 
at the 15% level (H) Avere significantly higher than those of 
rats maintained on a similar diet which contained 15% of egg 
albumin.

Protein Efficiency (P.E.). At the 15% level of protein feed
ing, the addition of lysine (G,H,I) more than doubled the P.E. 
of bread flour protein (F).

The P.E. value of the group fed egg albumin was highest 
during the first tAvo Aveeks, while that of the rats fed Avheat 
protein supplemented Avith three levels of lysine (G,H,I) Avas 
approximately equal to that of rats fed egg albumin group 
(J). While the data for the total 28-day period indicate that 
the P.E. of the egg albumin diets was superior, the trend Avas 
in the opposite direction during the last Aveek of the experi
ment.

The group fed 4.72% of L-lysine-HCl (I) showed a loAver 
P.E. value than those (G,H) fed lower levels of lysine. This 
group A\7as given an 5 to 8-fold excess of lysine in order to 
evaluate its effects. Since supplementation of the flour Avith 
1.18% of L-lysine-HC1 per 100 gm of diet is ample, diet I con
tained 3.54 gm (4.72 — 1.18 gm) of L-lysine -HC1 per 100 gm of 
diet Avhich Avas not biologically useful. If this excess is omitted 
from the calculation, the “ corrected”  P.E. value of diet I 
becomes 1.95. It is likely that the loAver P.E. of diet I is due to
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incomplete utilization of the excess lysine, rather than a man
ifestation of toxicity.

These P.E. data indicate that diets containing 15% of wheat 
protein supplemented with L-lysine-HCl may be satisfactory 
in the nutrition of the rat.

Liver composition. The liver weight per gram body weight 
was essentially the same in all groups at the end of 28 days. 
The fat content of the livers decreased as the lysine content 
of the diets was increased. The protein content of the livers 
at 28 days was highest in the group fed egg albumin.

Carcass composition. The additions of lysine (G,H,I) did 
not affect the amount of fat in the carcass of the rats fed wheat 
protein (F ). The carcass fat in the rats fed egg albumin was 
definitely lower.

During 28 days the carcass ash content increased and the 
nitrogen content increased more or less according to the lysine 
content. Thus, the improvement in protein quality caused 
proportionally greater deposition of body tissue per gram of 
skeleton.

The efficiency of synthesis of carcass N by the rats on these 
15% protein diets is shown in table 4. There is no evidence 
that the excess lysine interfered with the deposition of carcass 
N.

The three-fold increase in the synthesis of carcass protein 
resulting from the addition of lysine to the 15% wheat protein 
diets was nevertheless not as great as that produced by the 
15% egg protein diets. Since the nutritional value of a food 
protein can be measured quite satisfactorily in terms of car
cass protein synthesis, it is clear that the lysine-fortified wheat 
protein was still biologically inferior to egg albumin. This 
result is to be expected, for the total essential amino acid con
tent of egg albumin is one and one-half times that of 70% 
extraction flour protein. One hundred grams of flour contain 
28.4 gm of the essential amino acids required for nitrogen bal
ance in man (Hepburn et al., ’57). Even when 3.2 gm of l- 
lysine (= 4 .0  gm of L-lysine-HCl) are added as in diet G, the 
content is still only 31.6 gm (table 5). On the other hand, egg
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albumin contains 48.1 gm essential amino acids per 100 gm 
(Block and Weiss, ’56). In spite of this, the amount of carcass 
protein synthesized “ per gram of essential amino acids 
fed”  was essentially the same in this experiment. A  possible 
reason for this result is indicated in table 5, in which the pro
portions of each of 8 essential amino acids per 100 gm of 
total essential amino acids in lysine-fortified flour and in egg

TABLE 5

C o m p a r i s o n  o f  t h e  e s s e n t i a l  a m in o  a c i d  c o m p o s i t i o n  o f  l y s i n e - f o r t i f i e d  

f l o u r  a n d  e g g  a l b u m i n

E S S E N T I A L
E S S E N T IA L  P E R  1 6  GM  N G R A M S P E R  1 0 0  GM 

E S S E N T IA L  A M IN O  AC ID R A T I O S

A M IN O  AC ID S 
F O R  N  B A L A N C E  

I N  M A N

lysine- 
f o r t ,  

f l o u r  1

eggalbumin 2
lysine-

f o r t .
f l o u r

eggalbumin

F O R
N  B A L A N C E  

IN  M A N  3

Isoleucine 4 . 2 6 6 . 8 1 3 . 5 1 4 . 1 1 1 . 0

Leucine 6 . 9 8 9 . 0 2 2 . 2 1 8 . 7 1 7 . 3

Lysine 5 . 2 8 6 . 5 1 6 . 8 1 3 . 6 1 2 . 6

Methionine 1 . 7 3 4 . 9 5 . 4 1 0 . 2 1 7 . 3

Phenylalanine 4 . 9 2 7 . 1 1 5 . 6 1 4 . 8 1 7 . 3

Threonine 2 . 8 2 4 . 2 8 . 9 8 . 7 7 . 9

Tryptophan 1 . 0 2 1 . 5 3 . 2 3 . 1 4 . 0

Valine 4 . 5 4 8 . 1 1 4 . 4 1 6 . 8 1 2 . 6

Totals 3 1 . 5 5 4 8 . 1 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0

'Composition reported by Hepburn et al. ( ’57), plus 3.2 gm lysine. 
'F rom  Block and Weiss ( ’56).
'F rom  Rose ( ’49).

albumin proteins are presented. By fortification of the flour 
with lysine, the most important difference in the essential 
amino acid ratios of these foods is eliminated, and the ratios 
of essential amino acids in these two proteins are nearly the 
same except in methionine content. The lysine-fortified flour 
protein is inferior to egg albumin also because of a greater 
dilution by the non-essential amino acids, especially glutamic 
acid.

The ratios of essential amino acids required for nitrogen 
balance in man are listed in table 5. It is evident that both 
lysine-fortified flour protein and egg albumin are deficient in
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methionine, and to a lesser extent in tryptophan and phenyl
alanine.

The data on body weight gain and protein efficiency indi
cate that the protein of lysine-fortified wheat flour is nearly 
equal to that of egg albumin in the nutrition of the rat, when 
fed at the 15% level in the diet. However, the data on the 
amount of carcass protein synthesized demonstrate that the 
protein of egg albumin is superior. It is evident that the nu
tritional values of proteins can be compared properly only 
when the increases in the carcass protein resulting from feed
ing dietary proteins are measured.

Comparison between series I and II

Comparison of the data from series I and II indicates clear
ly that different results can be obtained on rats when nutri
tional evaluations of proteins are carried out with diets con
taining 15% protein rather than with 8% protein. Barnes et 
al. ( ’45) reported that the protein efficiency of whole egg pro
tein was highest when fed for 42 days at a level of 10% in the 
diet of rats; the efficiency decreased Avhen lower or higher 
levels of egg protein were fed. They reported also that the 
efficiency of wheat gluten improves as the level of protein in 
the diet is increased up to 20%. The results reported here 
conform with this finding.

These data also indicate that whereas lysine-supplemented 
wheat flour protein was quite inferior to egg albumin when 
fed at an 8% level, it was more nearly equivalent when fed 
at a 15% level in the diet. The amino acid requirements of 
the rats at these two levels of protein intake were not the 
same. This may explain why approximately 3.9 gm of L-lvsine • 
HC1 per 100 gm was sufficient to eliminate the deficiency of 
wheat protein in the 8% protein diets (group B), whereas 
approximately 7.9 gm per 100 gm were necessary in the 15% 
protein diets. Block and Weiss ( ’56) reported that the re
quirements of rats for lysine increase disproportionately as 
the protein content of the diet is raised.
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It is generally agreed that a balanced intake of essential 
amino acids is especially important to those who are consum
ing diets low in total protein content. This can he achieved by 
a balanced intake of complementary food proteins or by the 
supplementation of unbalanced food proteins with the specific 
amino acids in which they are deficient. The present study, like 
others previously reported, indicates that lysine can sig
nificantly improve the nutritional value of wheat protein.

Since the average dietary level of protein intake of human 
beings approaches 15% (dry weight basis), and since the level 
of protein intake is of critical importance in the evaluation of 
proteins, it is suggested that proteins intended for human 
consumption should be evaluated in diets at the 15% level, 
whenever possible. The protein of those foods which are low 
in protein content may be concentrated by the removal of 
starch or fat, but this might affect the quality of the protein. 
An alternative method would be one in which all diets contain 
5% standard animal protein (i.e., egg albumin), or 5% com
bined animal proteins (i.e., equal parts of egg albumin, liver 
and non-fat milk powder) in order to provide a background 
of good proteins in all diets. To these diets would be added 
10% test protein or 10% animal protein. This would, in ef
fect, be a measure of the animal protein replacement value of 
the test proteins, a technique similar to that first suggested 
by Murlin and Mattill ( ’38). These authors studied the milk 
replacement value of cereals by supplying 80% of the dietary 
nitrogen as milk, or as cereals, in alternate periods, and con
tinually supplying 10% of the dietary nitrogen as milk and 
10% as fruit.

In this research, rats received 5 to 8 times as much lysine as 
was necessary for bread flour fortification. The rats receiving 
this high level of lysine consumed slightly less diet and showed 
slightly lower protein efficiency than those receiving smaller 
amounts of lysine in the diet, yet the composition of the car
cass or liver was the same. The lower protein efficiency can be 
accounted for entirely on the basis that the excess lysine was 
not utilized for body protein synthesis. There was no evidence
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of any toxicity resulting from the high levels of lysine intake. 
This is to be expected, for lysine is unique among essential 
amino acids in that its excess does not exert antimetabolic 
effects upon other amino acids (Rauen, ’56).

SUMMARY AND CONCLUSIONS

Four diets containing 8% wheat protein (70% extraction 
wheat flour) were supplemented with zero, 0.31, 0.62 and 
2.48 gm of L-lysine-HCl per 100 gm. Four diets containing 
15%  wheat protein (8% wheat flour plus 7% wheat gluten) 
were supplemented with zero, 0.59, 1.18  and 4.72 gm of l - 

lysine-HCl per 100 gm. These 8 diets, plus two diets con
taining 8 and 15%  egg albumin protein, were fed to weanling 
rats for 14  and 28 days. The carcasses and livers were then 
analyzed for content of water, fat, ash and nitrogen.

The lysine deficiency of the bread flour protein was over
come by including 0.31 and 1.18  gm of L-lysine -HC1 per 100 gm 
of diets containing 8 and 15%  wheat protein, respectively. 
The total lysine content of the protein in these diets was 5 
and 7.8%, respectively.

When fed at the 8% level, lysine-fortified wheat protein was 
nutritionally inferior to egg albumin as measured by body 
weight increase, protein efficiency and carcass protein syn
thesis.

When fed at the 15%  level, lysine-fortified wheat protein 
was nutritionally equal to egg albumin as measured by body 
weight increase and protein efficiency, but inferior in its ability 
to promote the synthesis of body protein. It is important to 
measure carcass protein synthesis when the nutritional values 
of proteins are evaluated.

The amount of carcass protein synthesized per gram of 
essential amino acids fed, whether as egg albumin or lysine- 
supplemented bread flour, was essentially the same. Thus the 
lysine-fortified bread flour protein was inferior in the rat be
cause of dilution by glutamic acid and because of a poorer 
balance of essential amino acids.
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‘ ‘ Fatty  livers ’ ’ were observed in the rats fed diets contain
ing 8% of wheat protein, but not in those fed 15%  of wheat 
protein. The “ fatty liver”  syndrome of lysine deficiency may 
not develop unless the intake of total protein is limited.

“ Fatty  livers”  were prevented by the addition of lysine to 
the 8% wheat protein diets.

The nutritional evaluation of proteins intended for human 
use should be made by feeding experimental animals diets 
containing approximately 15%  of protein, which corresponds 
to the level of protein intake by man.

A  5-fold excess of lysine produced no toxic effects.
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A  pronounced difference in cariogenicity has been noted in 
two highly purified diets each of which contained 64% sucrose 
(Wynn, Haldi, Shaw and Sognnaes, ’53). These two diets, 
which have been employed routinely in the H arvard and 
Em ory laboratories, respectively, in various studies on dental 
caries in the rat, have been referred to in previous publica
tions as the H arvard and Em ory diets. The H arvard diet 
has been found in a number of experiments conducted over 
a period of several years in our laboratories to be consider
ably more cariogenic than the Em ory diet. In considering a 
possible explanation of the difference in their cariogenicity, 
it was noted that while both diets contained the same total 
amount (4%) of salt mixture and adequate amounts of all 
currently recognized essential minerals, there were several 
small but nevertheless possibly important differences in the 
relative amounts of different minerals.

In a recent study (Haldi, Wynn, Shaw and Sognnaes, ’58), 
it was found that the cariogenicity of the H arvard diet was 
reduced by replacement of the H arvard salt mixture by the 
Em ory salt mixture and conversely, the Em ory diet was made 
more cariogenic by a corresponding interchange of salt mix
tures. The present study was undertaken prim arily to ascer
tain whether the effect obtained by the interchange of the 
salt mixtures of the diets could be related to the difference

569
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in the concentration of certain specific ions in the two salt 
mixtures. The general procedure was to alter the concentra
tion of a specific ion in the H arvard or Em ory diet to deter
mine whether the diet would thereby become more or less 
cariogenic.

It  was noted that while the cariogenic properties of the 
two diets were modified by substituting in either diet the 
salt mixture ordinarily added to the other diet (Haldi, Wynn, 
Shaw and Sognnaes, ’58), there still remained an appreciable 
difference in the cariogenicity of the diets after making this 
interchange of the salt mixtures. I f  the difference in cario
genicity of the two diets were due solely to the difference 
in composition of their salt mixtures, one might reasonably 
expect to find the two diets to be equally cariogenic when 
one salt mixture was substituted for the other. Since this 
was not the case, other factors apparently are involved 
besides the differences in the composition of the salt mixtures 
of the two diets.

In considering this problem it was noted that there was a 
difference in the relative amounts of the various vitamins 
added to the diets, although each vitamin mixture contained 
the different vitamins in amounts sufficient to meet currently 
recognized needs of the rat for adequate nutrition. Further
more, yeast together with liver extract was added to the 
Em ory diet whereas liver extract without yeast was added to 
the Harvard diet. In view of these considerations, it was 
decided that the scope of this investigation, which had been 
undertaken prim arily to study the influence of the various 
ions on the cariogenic properties of the diet, should be en
larged to determine whether the difference in the cariogeni
city of the diets may have been related to some extent to 
differences in the vitamin or the yeast content of the two diets.

EXPERIMENTAL

Two series of experiments were conducted in which varia
tions were made (1) in the composition of the H arvard diet
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and (2) in the composition of the Emory diet. The composi
tion of the regular Harvard and Emory diets will be found 
in table 1. All experiments were done using the Emory- 
Wistar strain of albino rats. Since this strain is relatively 
caries-resistant, in order to accelerate the initiation and 
spread of dental caries, all the animals used in this study 
Avere desalivated at weaning by the technique described else- 
A\diere (Haldi, Wynn, Shaw and Sognnaes, ’53). After de
salivation, the animals Avere fed the experimental diets in 
littermate groups for a period of 70 to 80 days at which 
time the animals had developed moderate to severe caries. 
The animals Avere alloAved to eat ad libitum. In the different 
experiments the animals Avere fed either the Harvard or 
Emory diet. If either of these diets Avere made more or less 
cariogenic by changes in the concentration of a specific ion, 
it might readily be assumed that a difference betAveen the 
Emory and Harvard diets in the concentration of this ion 
Avas probably partially responsible for the difference in cario- 
genicity of the two diets.

At the end of the experimental feeding period, the animals 
Avere sacrificed and the mandibles and maxillae removed for 
examination of the teeth for the incidence and extent of 
caries. Examinations Avere made under a dissecting micro
scope and the teeth scored for caries according to the method 
described elseA\There (Haldi and Wynn, ’52).

Series I—Harvard diet

I n  t h i s  s e r i e s  o f  e x p e r i m e n t s  v a r i a t i o n s  A v e r e  m a d e  i n  t h e  
m i n e r a l  c o m p o n e n t s  a n d  i n  t h e  v i t a m i n  c o m p o n e n t s  o f  t h e  
H a r v a r d  d i e t  i n  t h e  f o l l o A v i n g  m a n n e r :

Magnesium. The regular Harvard diet contains consider
ably less magnesium than the Emory diet: 0.033% as against 
0.053%. Modified Harvard diets were prepared Avith tAvice 
the regular concentration of magnesium (0.066%), and 
10 times the regular concentration (0.330%), by the addition 
of MgS04. The cariogenicity of each of these îavo diets Avas 
compared with that of the regular Harvard diet.
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Manganese. The H arvard diet contains 50 p.p.m. of man
ganese as M nS04 which is approximately 30% less than that 
in the Em ory diet. The regular H arvard diet and two modi
fied H arvard diets containing 150 p.p.m. and 500 p.p.m. 
respectively, were prepared and fed to triplicate littermate 
groups of rats.

Brewers’ Yeast. The Em ory diet contains 4% yeast and 
liver extract while the H arvard diet contains 4% liver con
centrate. An experiment was conducted in which 4% brewers’ 
yeast was added to the regular H arvard diet and the cario- 
genicity of this diet was compared with that of the regular 
diet.

Yeast and liver extract. Another experiment was con
ducted in which litter mates were fed the H arvard diet and 
the same basic diet to which was added 4% yeast and liver 
extract.

Vitamin mixtures. Examination of the formulae of the 
Em ory and H arvard diets in table 1  reveals several rather 
marked differences in the amounts of some of the added 
vitamins; for example, the Em ory diet contains no p-amino- 
benzoic acid while the H arvard diet contains 300 p.p.m.; the 
Em ory diet contains 300 p.p.m. of a-tocopherol, while the 
H arvard contains none; and the Em ory diet has a concentra
tion of 3000 p.p.m. of choline chloride and the H arvard only 
1000 p.p.m. A  study was conducted in which the Em ory 
vitamin mixture replaced the H arvard vitamin mixture in the 
diet and the caries-conduciveness of this diet was compared 
with that of the regular H arvard diet.

Series II—Emory diet

In  this series of experiments, variations were made in the 
mineral and vitamin components of the Em ory diet, as fol
lows :

Magnesium. Although the cariogenicity of the H arvard 
diet in the preceding experiments was not reduced by the 
addition of magnesium to the point where the concentration
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was slightly higher than and also well in excess of that in 
the Em ory diet, it was decided to conduct an experiment with 
the Em ory diet to determine whether the cariogenicity of this 
diet would be affected by omitting magnesium from the salt 
mixture and also by adding twice the amount ordinarily 
added to the regular Em ory diet. This procedure was sug
gested by the experiments of Klein, Orent and McCollum 
( ’35) and of Irving ( ’40), which indicate that magnesium is 
essential for proper formation of both the incisor and molar 
teeth of the rat.

Sodium/potassium ratio. The amount of sodium in the 
Em ory and H arvard diets is approximately the same while 
the Em ory diet contains approximately 75% more potassium 
than the H arvard diet. This difference in potassium content 
makes the N a/K  ratio equal to 1  : 1  in the H arvard and 1  : 2 
in the Em ory diet. The Em ory diet was modified to give a 
N a/K  ratio of 2 : 1  by increasing the sodium content to 0.56% 
and decreasing the potassium to 0.28%. Littermate pairs of 
rats were fed this modified Em ory diet and the regular Em ory 
diet to determine whether the N a/K  ratio itself would affect 
the cariogenicity of a synthetic diet.

Iron. Another difference that may be seen in the composi
tion of the Em ory and H arvard diets is that the Em ory diet 
contains 0.048% of iron and the Harvard diet contains 0.015%, 
both in the form of citrate. To determine whether a difference 
in iron concentration would have any effect on the cariogen
icity of the Em ory diet, 4 diets were prepared with (1) no 
added iron; (2) 0.024% iron; (3) 0.048% iron (regular Em 
ory) and (4) 0.096% iron. The iron was added as ferric 
citrate. These diets were fed to quadruplicate littermate rats 
and their relative cariogenicity was determined.

Vitamin mixture. In the preceding series the Em ory vita
min mixture was substituted for the H arvard vitamin mix
ture in the H arvard diet. In this experiment the H arvard 
vitamin mixture replaced the Em ory vitamin mixture.
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RESULTS AND DISCUSSION

Series I—Harvard diet

The caries incidence and the caries scores of the teeth of 
the animals fed the regular H arvard diet and the various 
modified H arvard diets are given in table 2. It may be seen 
from these data that increasing the amount of magnesium 
or of manganese in the H arvard diet had no significant effect 
on the number of carious lesions or the caries scores in the 
teeth of animals fed these diets. The results of these experi
ments, therefore, indicate that the concentrations of mag
nesium and manganese are not the factors responsible for the 
difference in cariogenicity of the Em ory and H arvard diets.

A s stated previously, the H arvard diet does not contain 
yeast while the Em ory diet does. Furthermore, there are 
certain differences in the added vitamins in the two diets. 
It  has been shown by Orland and co-workers ( ’54) that bac
teria are necessary for the production of caries in the rat 
and that the vitamin content of the diet may affect the kind 
of oral flora (Orland, Hemmens and Harrison, ’50) as well 
as the actual numbers of bacteria present (Orland, ’46). 
These observations suggested to us that the difference in the 
cariogenicity of the Em ory and H arvard diets may possibly 
be related to the vitamin mixtures added to the two diets. 
The experimental data in table 2 show that this is not the 
case. The cariogenicity of the H arvard diet, which is greater 
than that of the Em ory diet, was not reduced by replacement 
of the H arvard vitamin mixture by the Em ory vitamin mix
ture. On the contrary, it might appear from casual inspection 
of the data, that the Em ory vitamin mixture may have in
creased the cariogenicity of the H arvard diet. The higher 
caries score, however, as compared with the score on the diet 
containing the H arvard vitamin mixture, was not statistically 
significant.

In view of the experiments reported by Dalderup and Ja n 
sen ( ’55) in which the addition of brewers’ yeast to a high- 
sucrose diet reduced its cariogenicity, it was thought that the
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yeast in the yeast and liver extract, which was added to the 
Em ory but not to the H arvard diet, may perhaps have ac
counted, at least in part, for the difference in the cariogenicity 
of the two diets. However, the addition of yeast or of yeast 
and liver extract to the H arvard diet, as shown in table 2, did 
not reduce the caries-conduciveness of this diet. Our failure 
to obtain the same results as those obtained by Dalderup and 
Jansen may have been due to a difference in the American and 
European yeasts. We have been informed that the brew 
procedures in America and Europe are completely different 
and require different types of yeast. The results of our ex
periments are in agreement with those of Buttner and Muhler 
( ’58) who found that the addition of 10%  of irradiated yeast 
to their cariogenic diet did not bring about a reduction in 
caries.

Series II—Emory diet

The caries incidence and the caries scores of the teeth of 
animals fed the regular Em ory diet and the modified Em ory 
diets are presented in table 3. It may be seen from these 
data that (1) neither the omission of magnesium entirely 
from the salt mixture nor the addition of twice the amount 
present in the salt mixture of the regular Em ory diet had 
any effect on the cariogenicity of the diet; (2) changing the 
N a/K  ratio from 1  : 2 to 2 : 1  did not increase or decrease 
the relative caries-conduciveness of the diet; (3) increasing 
or decreasing the iron content of the Em ory diet did not 
affect the caries incidence or the caries scores; (4) inter
change of the H arvard and Em ory vitamins was also without 
effect.

In  connection with the experiments using various amounts 
of iron in the diets, it should be noted that Torell ( ’55) has 
concluded that the intake of ferric iron in liigh-sucrose diets 
may affect the cariogenicity of these diets. It  has also been 
reported by McClure ( ’48) that the addition of 0.025% of 
iron as the chloride significantly reduced the cariogenicity 
of a diet while in a second experiment using 0.050% of iron
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a s  the citrate, there was no effect on the caries-conduciveness 
of the same diet. Oar results are in agreement with those of 
McClure ( ’48) on the effect of the addition of ferric citrate 
to a cariogenic diet. A s the account of Torell’s investigations 
Avas available to us only in abstract form and did not state 
Avhat iron compound Avas used in his diets, it is not possible 
to compare his results with those obtained in our laboratories.

Inasmuch as none of the factors under investigation in this 
study could account for the difference in the effect of the 
H arvard and the Em ory diets, further investigation Avill be 
necessary to solve this perplexing problem.

SUMMARY AND CONCLUSIONS

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

t o  d e t e r m i n e  A v h a t  f a c t o r  o r  f a c t o r s  a r e  r e s p o n s i b l e  f o r  t h e  

m a r k e d  d i f f e r e n c e  i n  t h e  c a r i o g e n i c i t y  o f  íavo h i g h - s u c r o s e  

d i e t s ,  c o m p a r a b l e  i n  s u c r o s e  c o n t e n t  b u t  d i f f e r i n g  i n  t h e  c o n 
c e n t r a t i o n  o f  s o m e  o f  t h e  v i t a m i n s  a n d  m i n e r a l s .

The compositions of these diets have been varied by the 
addition, deletion and exchange of some of the various com
ponents which were in different concentrations in the íavo 
diets. The components studied Avere magnesium, manganese, 
iron, sodium, potassium, yeast, yeast and liver extract and 
the vitamin mixtures.

T h e  r e s u l t s  o f  t h e s e  e x p e r i m e n t s  i n d i c a t e  t h a t  v a r i a t i o n s  i n  

t h e s e  c o m p o n e n t s  d i d  n o t  a l t e r  t h e  c a r i o g e n i c i t y  o f  t h e s e  t w o  

d i e t s  a n d  t h a t  f u r t h e r  i n v e s t i g a t i o n  w i l l  b e  n e c e s s a r y  t o  f i n d  

t h e  f a c t o r  o r  f a c t o r s  A v h i c h  a r e  r e s p o n s i b l e  f o r  t h e  m a r k e d  

d i f f e r e n c e  i n  t h e i r  c a r i o g e n i c i t y .
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W A T E R  ON C A R IE S -S U S C E P T IB L E  R A T S 1

B, E. WUTHIEB an d  P. H. PHILLIPS 
Department o f Biochemistry, University of Wisconsin, Madison
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INTRODUCTION

There is a paucity of data on the long-term effects of the 
intake of small amounts of fluoride [F -] on experimental 
animals, despite the consensus of opinion to the contrary. 
The only long-term studies on low-dose F - that we are aware 
of are those on the rat by Auskaps and Shaw ( ’55) and 
Ramseyer et al. ( ’57). F~ storage in the rat from a lunch 
meat preparation containing about 4.6 p.p.m. F~ for periods 
up to 18 months has been reported by Jackson et al. ( ’50). 
Whereas Auskaps and Shaw reported no effects of F _ on 
weight, hemoglobin levels, thyroid glands, or reproduction in 
their 11-month study, Ramseyer et al. observed increases in 
dental caries, periodontal disease, and renal tubule hyper
trophy from low levels of F - at 520 days. In contrast, short
term studies by many workers (Hodge and Sognnaes, ’46) 
have demonstrated that proper levels of F - provide partial 
protection from dental caries in experimental animals. How
ever, no demonstration of absolute essentiality of F~ has been 
made despite numerous attempts to do so (Maurer and Day, 
’57; Evans and Phillips, ’39 among others). Further, long-

1 Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station, Madison. This work was supported in part by the Research 
Committee of the Graduate School from funds supplied by the Wisconsin Alumni 
Research Foundation. We are indebted to Merck and Company for the vitamins 
used in these studies.
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term study of F - deposition in the skeleton is of interest 
because workers have long" known that F _ accumulates in bone 
from either dietary or water-borne sources (National Re
search Council Div. Med. Sci. Publ., ’5 1).

The purpose of this study was to determine the effects on 
the rat of prolonged exposure to low dietary levels of F - 
(fluoridation range). Comparative data on the rate and 
amount of skeletal storage of F _ from either food or water
borne sources of F~, and the effects of F _ on dental health, 
reproduction and lactation, general health and well-being were 
sought.

EXPEBIMENTAL

Seven groups of 25 litter-mate caries-susceptible weanling 
albino rats were fed a semi-natural cariogenic diet ad libitum 
continuously up to one year. The original plan was to remove 
three animals from each lot at three, 6, 12, and 18 months, 
and the balance at two years. However, because of the high 
susceptibility of this strain of rats to respiratory and gland
ular infections, death losses were such that the experiment 
was terminated at the end of one year. All groups received 
distilled water except lot 2 which received fluoridated city 
water. Graded increments of N aF were added either to the 
diet or to the drinking water. The experimental lots were as 
follows:

Lot 1  basal diet +  distilled water [DW] ; Lot 2 basal diet 
+  city water (1.0 p.p.m. F ) 2; Lot 3 basal diet +  DW +
1.2 p.p.m. F~; Lot 4 basal diet +  DW +  3.2 p.p.m. F~; Lot 5 
basal diet -+- 1.2 p.p.m. F _ -f- DW ; Lot 6 basal diet +  3.2 p.p.m. 
F -  +  DW and Lot 7 basal diet +  7.2 p.p.m. F~ +  DW.

The percentage composition of the basal diet was as follows: 
Oat groats, finely ground, 25; soybean oil meal, solvent ex
tracted, 25 ; sucrose, 23.65 ; dry skim milk powder, 20; corn oil, 
5; C a IIP 0 4-2IL0 , A.R., 0.85 and NaCl, iodized A.R., 0.50.

3 City water was to have been fluoridated to maintain F levels at 1.2 p.p.m. F, 
however, analyses revealed only 1 .0  p.p.m. F at the tap.
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Halibut-liver oil was administered weekly as a source of 
the fat-soluble vitamins. Analysis of the diet indicated a F - 
content of approximately 0.5 p.p.m.

The criteria sought were comparative F _ storage in the 
femur, dental caries incidence and severity, wear of the mo
lars, evidence of periodontal effects, size, number, and weight 
of the litters and weanlings, growth rate, general health and 
well-being. Dental caries scores were determined by the 
method of Shaw et al. ( ’44). Femur F^ was analyzed by a 
modification of the W illard and Winter method ( ’33). Wear 
on the molars was assigned a numerical value from 1  to 5. 
Individual records were kept on health, reproduction, and 
body weights according to standard practice.

RESULTS

Progressive proportional F _ retention occurred from both 
food and water at all levels of administration, although at a 
decreasing rate with time (table 1) . Both the concentration 
and the total quantity of F _ in the femur ash continued to 
increase throughout the 365-day study. When the accumula
tion of F~ from food and water was compared, it was evident 
that roughly twice as much F~ accrued from distilled water 
with added F _ as from an equivalent level in the food. Com
paring the accumulation of F~ from different levels of F - 
administered via both food and water, (assuming that added 
F _ was stored over and above that stored from the basal 
diet) it would appear that storage was roughly proportional 
to the level of F - administered from either food or water, 
expressed either as concentration or total storage. Less F - 
was deposited from city water (1.0 p.p.m.) than from distilled 
water which contained 1.2 p.p.m.

Attention is called to certain relationships in the retention 
of F " in the rat femur. Water-borne F _ at levels of 1.2  and
3.2 p.p.m. in distilled water caused a retention of F~ in the 
femur ash of 8.1 to 16.8 times that of the controls, respectively. 
City water (1.0 p.p.m.) caused retention of about 5.9 times 
that of the controls. Food-borne F y  on the other hand, in
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creased femur F _ retention from 4.1 to 20.0 times that of the 
control animals at levels from 1.2 to 7.2 p.p.m., respectively. 
These relationships displayed little change with time (from 
90 to 360 days) expressed either as concentration in the femur 
ash or as total femur storage.

TABLE 1

The effect o f time upon the F~ content of femur ash of the rat fed small 
amounts of NaF in the diet or in water

T- IN FEMUR ASH
ADDITIONS TO 
BASAL DIET 90 days 1 180 days 360 days

Cone. Total Cone. Total Cone. Total
p.p.m. M p.p.m. ff-ff p.p.m. /iff

None 23 8 38 ±  8 = 12 ±  3 54 18
City water 157 37 236 ±  71 72 ±  8 316 109
1.2 p.p.m. F~ in DW 178 67 308 ±  86 93 ±  24 467 155
3.2 p.p.m. F - in DW 378 126 610 ±  148 214 ±  53 890 327
1.2 p.p.m. F" in food 10 2 32 157 ±  37 49 ±  9 215 71
3.2 p.p.m. F~ in food 206 60 157 ±  78 104 ±  19 490 155
7.2 p.p.m. F - in food 517 172 730 ±  97 262 ±  24 964 313

1 Values at 90, 180, and 360 days were determined from the line of relation
ship between F~ concentration in the femur ash and time (Pearson and Bennett, 
’42). Correlation analyses of the data were used because they most accurately 
represented the relationships between F - accretion and time. Correlation coef
ficients for the lines of relationship ranged between 0.96 and 0.99.

2 Standard deviation about the line of relationship.

The severity of dental caries, molar wear, and periodontal 
effects increased progressively with time. Fluoridation of 
either water or food at these low levels did not alter the 
pattern of these changes (table 2). No significant protective 
effect against dental caries was observed from any of these 
F _ levels studied. Earlier work demonstrated that 40 to 50 
p.p.m. F - in the diet (Shaw et al., ’45) or 20 p.p.m. F - in water 
(Hodge and Sognnaes, ’53) were necessary to give a measur
able reduction of caries in the rat. Hence, the caries score 
was not expected to be affected in these studies. Apparent 
increases in periodontal cavitation in the higher F~ lots were 
not significant.

Growth rates, mature weights, reproduction, and lactation 
were all normal and reflected no effect due to F~. A fter the
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4tli month the general health of this strain of rats was poor, 
but again, no effect attributable to F _ was indicated.

DISCUSSION

In contrast to data reported by Zipkin and McClure ( ’52), 
Zipldn et al. ( ’56) and Mulder ( ’54), the small amounts of 
added N aF and also the trace amount of F - in the basal diet 
caused a continuous rise in the concentration and total quan
tity of F - in the femurs of the experimental animals from the 
90 to 365 days. Although the rate of accretion decreased 
with time, there was no indication that equilibrium was 
attained.

There was an apparently greater deposition (about twice) of 
F _ from water than from food, but when correction was made 
for total F _ consumption, no great difference in retention 
existed. However, Lawrenz et al. ( ’39), have shown by rigid 
separation of food and water intake that water-borne F - is 
about 20% more available than food-borne F~ Our data 
suggest that per se water-borne F~ was more available than 
food-borne F _, but under ad libitum conditions where con
siderable mixing of food and water in the digestive tract was 
expected, little difference in availability was observed.

Accumulation of F - appeared to be proportional to the 
concentration of N aF administered, in agreement with pre
vious work here and that of Jackson et al. ( ’50).

Corroborating earlier short term studies (Hodge and 
Sognnaes, ’53), and in contrast ivith the report of Ramseyer 
et al. ( ’57), F - at these levels caused no effect on dental caries. 
Although there was an apparent increase in periodontal 
effects in the animals in the lots fed higher F -, the differences 
were not significant. In view of these data and those of 
Ramseyer et al., more study is necessary before definite con
clusions can be drawn concerning the effect of F~ on peri
odontal conditions.

That growth rate, mature weights, reproduction, lactation, 
and general health were unaffected by these amounts of F - 
was to be expected since previous work had indicated that
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no detectable effects would be expected until definitely toxic 
levels were reached.

Female rats accumulated a consistently higher concentra
tion of F~ in the femur than the males in this study. When 
expressed as total femur storage, these differences were not 
observed. The higher concentration of F - in the femurs of 
the females may be explained in part by the increased F~ 
consumption and the increased turnover rate of bone salts 
during the stress of lactation. Other factors may be involved.

SUMMARY

The long-term effects of low dosages of F - (fluoridation 
range) in both food and water are reported. Fluoride accumu
lated in the femur from all dietary levels, including the con
trols (0.5 p.p.m. F _). The quantity of F~ stored was propor
tional to the level given. At equivalent levels water-borne F - 
storage was about double that from food-borne F _, but when 
corrections were made for total F '  consumption, no great 
difference in retention was demonstrated. These concentra
tions of F~ did not alter the dental score of the exposed rats. 
Growth rate, mature weight, reproduction, lactation, and 
general health of the rats were normal and unaffected by 
these amounts of F _. In this study the female rats consist
ently accumulated a higher concentration of femur F " than 
the males.
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GROW TH-PROMOTING A C T IV IT Y  OF M EA T  M E A L 
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In  a previous report (Ackerman, ’57) it was observed that 
the growth inhibition of rats fed 1%  sulfaguanidine could be 
prevented or cured by the inclusion of 5% meat meal in the 
diet. The fortification of the basal diet, containing 1% sulf
aguanidine, with all known dietary essentials failed to induce 
growth. Thyroid powder was effective in preventing this 
growth inhibition as reported by others (Mackenzie and Mac
kenzie, ’43). Attempts to isolate thyroxine from meat meal 
were unsuccessful. That the active factor(s) in meat meal was 
not thyroxine was also supported by the observation that the 
growth-promoting property of meat meal was stable during 
short periods of acid hydrolysis but labile when hydrolyzed 
with 5% NaOH or concentrated NH4OH. Thyroid powder was 
found to be stable to either acid or alkaline hydrolysis. Pub
lished reports (Gross and Pitt-Rivers, ’53) indicate that tri
iodothyronine is also stable to alkaline hydrolysis and it is 
assumed that meat meal contains only negligible amounts of 
this substance. From  these results the possibility is considered

1 This work was supported by a grant from the Williams-Waterman fund of 
Research Corporation. Presented in part at the 21st annual meeting of the Ameri
can Institute of Nutrition, Chicago, April 18, 1957. Federation Proceedings, 16, 
part 1, p. 379 (1957). Also presented in part at the 10th Research Conference 
of the American Meat Institute, Chicago, February 28, 1958.
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that the meat meal preparation contains an active factor(s) 
which effectively substitutes for the thyroid hormone.

Since the above observations suggested a relationship be
tween thyroid function and sulfaguanidine stress the present 
work was conducted to determine the effect of sulfaguanidine 
and other sulfa drugs on growth and thyroid size in animals 
fed a diet with and without meat meal. In addition, further 
attempts have been made to establish the active tissue source 
in meat meal by assaying a number of tissue preparations for 
growth-promoting properties in sulfaguanidine-fed rats.

EXPERIMENTAL

Rat studies. Weanling rats (40 to 50 gm) of the Holtzman 
and Sprague-Dawley strains were housed individually in 
raised-screen wire cages and were given food and water ad 
libitum. The basal diet was similar to that used previously 
(diet A, Ackerman, ’57) with the following changes: sulfa
guanidine and biotin were omitted and 2.5% brewers’ yeast 
was added at the expense of sucrose. With the exception of 
vitamin B 12 and folacin, crystalline B  vitamins were reduced 
by one-half.2

Various goitrogenic agents, meat meal, and soybean oil meal 
were added at the expense of the entire diet. Goitrogenic 
agents were added as shown in tables 1  and 2 and sucrose was 
added where necessary, so that the level of goitrogen plus 
sucrose was 1%  of the diet. Meat meal was added at a level 
of 5% and an equivalent amount of soybean oil meal was 
added to the control diets. The animals were maintained for 
6 or 7 weeks and then sacrificed. The thyroid glands were 
removed and weighed on a torsion balance. The results are

2 Basal diet: ground wheat, 55; alfalfa leaf meal, 2.0; soybean oil meal, 13.0; 
crude casein, 6.5; brewers’ yeast, 2.5; sucrose, 7.5; Crisco, 10.0; salts 5 (Salmon, 
’47), 2.5; and Viadex (4000 U. S. P. units vitamin A and 750 I. C. units vitamin 
D per gram, Nopco Chemical Co., Harrison, N. J .), 1.0; Crystalline vitamins in 
sucrose (milligrams per kilogram of diet) : thiamine-HCl, 2; riboflavin, 2; niacin, 
10; Ca-pantothenate, 5; pyridoxine-HCl, 1; inoistol, 100; menadione, 5; folacin, 4; 
vitamin B12, 0.06. a-tocopherol (in hexane solution, 50 milligrams per kilograms of 
diet).
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expressed in milligrams of fresh thyroid weight per 100 gm 
body weight.

Chick studies. One-day-old New Hampshire chicks of mixed 
sexes, or day-old DeKalb cockerels were housed in groups of 
12  in thermostatically controlled chicken batteries. Pood and 
water were supplied ad libitum. The basal diet consisted of 
the following: ground wheat, 40.0; wheat flour middlings, 9.0; 
soybean oil meal, 20.7; corn, 6.5; oats, 5.0; alfalfa, 3.0; Crisco, 
9.0; limestone, 0.8; defluorinated rock phosphate, 2.5; iodized 
NaCl, 0.5; manganese sulfate, 0.025; Viadex, 1.0 ; sucrose, 
1.975. Crystalline vitamins were added in sucrose as follows 
(milligrams per kilogram of diet): thiamine-HC1, 0.9; ribo
flavin, 0.9; pyridoxine • HC1, 0.48; calcium pantothenate, 2.4; 
niacin, 4.8; inositol, 48; menadion, 1 .2 ; folacin, 4.0; vitamin 
B 12, 0.060; biotin, 1.0. Supplements were added at the expense 
of the entire diet as shown in tables 2 and 3. A fter 4 and 6 
weeks, the chicks were sacrificed and the thyroid glands re
moved and weighed. Results are expressed as milligrams of 
fresh thyroid weight per 100 gm of body weight.

Growth-promoting properties of various tissues. Various 
samples of dried tissues obtained from different sources3 
were screened for growth-promoting activity by a curative- 
type growth assay as follow s: weanling rats were fed the basal 
diet containing 1 .1%  sulfaguanidine. When the growth rate 
was less than 5 gm per week (4 to 5 weeks), the rats were 
divided into groups of three (two female, one male). The 
sample to be assayed was then added to the diet at a level of 
5 or 10%  at the expense of the entire diet. The rats were 
maintained on this diet for two weeks and then sacrificed. The 
thyroid glands were removed and weighed. These assays were 
not all conducted at the same time, but all results are sum
marized in table 4 for convenience. None of the assays are 
duplicated. Each assay is a test of a different lot of the tissue 
indicated.

3 Kindly donated by Hudson Pliarmacal Co., Union City, New Jersey; Armour 
and Co., Chicago, Illinois; The Wilson Laboratories, Chicago, Illinois; and Viobin 
Corp., Monticello, Illinois.
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RESULTS AND DISCUSSION

Tlie data in table 1  indicate that all of the compounds tested, 
with the exception of 0.3% sulfamethazine, depressed growth 
of rats when fed with the basal diet containing 5% soybean 
oil meal. When soybean oil meal was replaced by 5% meat 
meal, growth depression was less severe and approached nor
mal levels in the groups receiving sulfaguanidine. The vari
ation within groups is due to the normal disparity in weight 
of the males and females after 6 to 7 weeks. Normal growing- 
males were more than 100 gm heavier than females in the 
same group.

A t the dietary levels tested, all the sulfa drugs produced 
an enlargement of the thyroid gland, with sulfapyridine and 
sulfamethazine appearing to be the most active and sulfanila
mide the least active. The goitrogenic activity of various sulfa 
drugs has been measured by others (Astwood et al., ’43; 
Tabenkin et al., ’53 ; Yanderlaan and Bissel, ’46) but a rigid 
evaluation of the potencies of these drugs is difficult to make 
since thyroid enlargement would be the net result of the rate 
of intestinal absorption, rate of excretion, metabolism and 
mode of action. Nevertheless, if  thyroid size be considered 
a reasonably reliable estimate of thyroid function, growth was 
not uniformly related to thyroid function. The goitrogenic 
activity of thiouracil was consistently greater than that of 
thiourea, yet thiourea appeared to exert a greater depressing 
effect on growth than did thiouracil. When sulfaguanidine 
plus meat meal was fed, body weight at 7 weeks was 226 gm as 
compared -with 18 1  gm for rats in the group receiving 0.1% 
thiourea plus meat meal. However, thyroid gland weight of 
the sulfaguanidine, meat meal-fed rats was twice that of the 
thiourea, meat meal-fed rats.

It  is generally accepted that an inhibition of thyroid hor
mone synthesis is associated with an increase in size of the 
thyroid gland and a decreased growth rate. Thyroid hyper
plasia resulting from the stimulatory activity of the thyro
tropic hormone is believed to be a compensatory reaction to 
the failure of thyroid hormone synthesis (Charipper and Gor-
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don, ’47; Higgins, ’44). It would be expected then, that the 
degree of growth depression would be a reflection of thyroid 
enlargement, i.e., inhibition of thyroid hormone production. 
From the data presented here, it appears probable that goitro
genic agents inhibit growth by some mechanism other than 
by the inhibition of thyroid hormone synthesis or secretion.

From the results presented, it is not possible to define clearly 
the possible relationship between thyroid weight (as a measure 
of thyroid function) and the growth promoting properties of 
meat meal when rats are subjected to the stress of goitrogen 
ingestion. There is some suggestive evidence that the two 
measures of physiological response may be related. For ex
ample, considering all the data on goitrogen-fed rats, the mean 
difference between meat meal-fed and soybean oil meal-fed 
rats with regard to two-week body weight gains was 18 .1 gm in 
favor of meat meal. The latter had thyroid gland weights ap
proximately 20% smaller than those of the thyroid glands of 
soybean oil meal-fed rats. It is possible that this relationship 
could be demonstrated more clearly if the relative goitrogenic 
potencies of the various substances tested were to be more 
clearly established. Herein may lie the explanation of the 
variability in animal response.

The effect of sulfaguanidine and meat meal is not as pro
nounced on chick growth and thyroid weights as it is in rats 
(tables 2 and 3). Mackenzie and Mackenzie ( ’43) reported that 
thyroid glands of chicks fed 2% sulfaguanidine for 14 to 30 
days were not enlarged. It was suggested that chicks were 
resistant to the goitrogenic effects of this drug. In the experi
ments reported here, meat meal did not appreciably stimulate 
growth of sulfaguanidine-fed chicks. Surprisingly, meat meal 
had a greater stimulatory effect on growth of cockerels fed 
0.1%  thiourea (table 3) although thyroid weight was approxi
mately 13  times greater than in those birds fed sulfaguanidine 
plus meat meal. This is a more striking example of the lack 
of correlation between growth and thyroid weight.

The results of screening various tissue preparations to de
termine the source of activity of meat meal are shown in table
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4. It appears that those tissues associated with digestion are 
active. This includes hog stomach, hog pancreas, and hog 
duodenum. Spleen and Tissue B  were also active and mam
mary tissue had slight activity. Two out of 5 samples of hog- 
stomach were inactive and only two out of 6 samples of fish

TABLE 2

Effect o f meat meal on growth and thyroid weights of New Hampshire chickens
fed 1% sulfaguanidine

a v . 4 - w e e k  g a i n  a n d  a v . t h y r o i d
S T A N D A R D  D E V IA T IO N  W T . A N D

Female Male
S T A N D A R D  

D E V IA T IO N  1

gm
1%  Sucrose,

5% SBOM 2 277 ±  38 (7 ) 3 
1% Sucrose,

5% meat meal 267 ±  47 ( 6 ) 
1% Sulfaguanidine,

5% SBOM 236 ±  26 ( 6 ) 
1% Sulfaguanidine,

5% meat meal 270 ±  33 (5)

gm

343 ±  39 (5) 

336 ±  56 ( 6 ) 

248 ±  58 (6 ) 

268 ±  40 (7)

m g  1 1 0 0  gm  B .W .

5.1 ±  1.32 (10)

4.4 ±  2.22 ( 6 )

7.1 ±  1.63 (10)

5.4 ±  1.66 (10)

'N o  sex difference was observed. The data are averages of an equal number of 
males and females in each group.

2 Soybean oil meal.
'Numbers within parentheses indicate the number of chicks.

TABLE 3

E f f e c t  o f  m e a t  m e a l  o n  g r o w t h  a n d  t h y r o i d  w e i g h t s  o f  

t h i o u r e a - f e d  c o c k e r e l s  1

s u l fa g u a n i d in e  a n d

D IE T  A D D IT IO N  2
A V . W T . A N D  

STA N D A R D  
D E V IA T IO N  

6  W E E K S

A V . T H Y R O ID  
W T .3 A N D  

STA N D A R D  
D E V IA T IO N

2% Sucrose
2% Sucrose; 10% meat meal 
2% Sulfaguanidine 
2% Sulfaguanidine; 10% meat meal 
0.1% Thiourea
0.1% Thiourea; 10% meat meal

gm

422 ±  59 
486 ±  68 
276 ±  14 
299 ±  74 
286 ±  42 
372 ±  36

m g / 1 0 0  gm  B .W .

4.7 ±  0.90
4.3 ±  1.57
7.8 ±  1.03
8.3 ±  1.61

122.3 ±  6.13
113.4 ±  33.6

1 Eighteen DeKalb hybrid cockerels were started on each treatment. After one 
week the three largest and three smallest birds in each group were discarded.

2 Meat meal added at expense of entire diet.
3 Average thyroid weights of the 6 birds in each treatment that were nearest 

the mean body weight of all birds in the group.



5 9 6 C. J. ACKERM AN

preparations were active. Liver, kidney, brain, and the pyloric 
section of hog stomach were inactive. It  is not possible to 
compare rigidly the gain in grams of the various groups as a 
means of evaluating potency of the samples since these assays 
were conducted over a period of one year and the rats varied 
in age at the time of assay. In general, a gain of 10 gm or 
more over a two-week period is indicative of some growth pro
moting property of the sample tested. A  gain of 45 gm or 
more is unusual and suggests that the sample tested is more 
active than meat meal.

TABLE 4

Effect o f certain tissues on growth of sulfaguanidine-fed rats *

D IE T  A D D IT IO N S A V . T W O -W E E K  G A IN A V . T H Y R O ID  W T .

gm mg/100 igm B. W.
5% Soybean oil meal 6 (6, 6 ,7 ) 3 34.2 (30.9, 33.8, 38.1)

10% Hog stomach 3 45 (43, 35,57)
10% Hog stomach 3 7 (14, 5,3) 17.0 (2 2 .6,,16.2, 12.3)
10% Hog stomach4 32 (24, 35, 38)
5 % Hog stomach4 45 (24, 40, 73) 7.8 (8 .8 / 7.3, 7.3)
5% Hog stomach 3 9 (7, 14,7) 40.7 (40.0,,41.3, 40.8)

10% Hog pancreas 4 41 (37,38,47)
5% Hog pancreas5 60 (58, 64, 59) 13.5 (16.9, 10.9, 13.8)

10% Hog duodenum 3 32 (27,23, 47) 17.6 (10.9, 24.6, 17.4)
5% Hog duodenum 3 29 (28,33,28) 35.1 (38.9, 40.3, 26.0)

10% Hog intestinal ext.4 39 (34,36,47)
10% Hog pyloric section 3 5 (4 ,h 8 )
10% Ext. hog pylorus 4 _  5 ( -  4, -  8, -  3)
5 % Liver residue 3 9 (7,5, 15) 40.1 (33.4, 45.6, 41.2)
5 % Whole liver3 2 ( 9 , - 3 , 1 ) 40.8 (33.0, 40.2, 49.3)
5% Kidney3 5 (4 ,1 ,10) 48.9 (50.7, 45.2, 50.9)
5% Brain3 4 (2 ,6 ,3 ) 44.9 (65, 35.8, 33.9)
5% Mammary 3 17 (9,23,20) 43.9 (49.9, 39.6, 42.2)
5% Spleen 3 48 (41,43, 59) 22.3 (2 2 .0 , 31.0, 13.9)
5% Tissue B 3 49 (39,42, 68) 17.1 (29.8, 13.4, 8.1 )

10% Fish meal0 4 ( - 1 , 5 , 8 )
5% Fish meal8 31 (23,21,48) 24.3 (31.5, 24.1, 17.3)
5 % Fish meal6 2 ( 3 , - 1 , 4 ) 21.9 (20 .6, 24.1, 2 1 .1 )

10% Fish flour 3 5 (3 ,9 ,4 ) 33.3 (35.5, 33.3, 31.2)
5% Fish flour 8 37 (31,38,41) 22.7 (19.6, 23.0, 25.4)

10% Fish meal' 2 (0, 3,2) 36.2 (36.8, 41.2, 30.8)
‘ Three rats per group fed 1 % sulfaguanidine plus 

for a period of two weeks.
the sample to be assayed

2 The figures within parentheses are the values for the individual rats as follows: 
female, female, male. The same sequence of individual animals is used in both 
columns.

3 Hudson.
4 Armour,.
5 Wilson.
* Viobin.
' Redville.
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This procedure was designed to screen various biological 
materials for growth-promoting activity in sulfaguanidine-fed 
rats (Ackerman, ’57) and is used here to determine which 
tissues could be responsible for the activity of meat meal. A  
more rigid assay with more animals would be necessary to 
evaluate the potency of these tissues quantitatively. The data 
suggest that further studies on the nature of the growth-pro
moting principle may be more profitably investigated in hog 
stomach or hog pancreas rather than in meat meal.

Since whole stomach of hog promoted growth of sulfaguan
idine-fed rats, and the pyloric section was inactive, it is pos
sible that the activity is centered in the fundus, or secretory 
region of the stomach.

SUMMARY

The effect of meat meal on the growth of rats fed certain 
goitrogenic agents has been studied. Meat meal at a dietary 
level of 5% stimulated growth of rats fed thiourea, thiouracil, 
sulfaguanidine, sulfathiazole, sulfamethazine or sulfapyridine. 
However, growth approached normal levels only when sulf
aguanidine plus meat meal was fed. The thyroid glands of 
rats fed goitrogen plus meat meal tended to weigh less than 
those from rats fed only the goitrogen. It  appears that there 
is little correlation between the size of the thyroid gland and 
growth of the rats.

The growth stimulation from dietary meat meal in sulfa- 
guanidine-fed chickens was not as pronounced as that observed 
in rats. One or two per cent sulfaguanidine markedly inhibited 
growth of chickens but thyroid glands were enlarged only 
slightly. Chicks fed 0.1%  thiourea appeared to grow as well 
or better than those fed 2% sulfaguanidine but thyroid weights 
were approximately 16 times greater than in the latter.

A ssays of various tissues revealed that three of 5 different 
hog stomach samples were active in promoting growth of rats 
fed sulfaguanidine. Hog pancreas and hog duodenum and 
spleen were also active. Two samples of fish preparations
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stimulated growth but liver, kidney, brain, and hog pyloric 
section of the stomach were inactive.
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There are marked differences between animal species in 
their requirement for biotin in the diet. A  complete lack of 
biotin in the diet does not interfere with the normal growth of 
the rat (Skeggs and Wright, ’46). The weanling pig does not 
require biotin (Cunha et al., ’46), but the young suckling pig 
does (Lehrer et al., ’52). Certain strains of mice show the 
typical symptoms of biotin deficiency when this vitamin is ex
cluded from the diet (Nielsen and Black, ’44) and it is prob
able that all strains of chicks require a dietary source of bio
tin (Hegsted et al., ’40, ’42). It is probable that the intestinal 
flora of all species synthesize biotin and yet the differences 
in requirements are evident even though the animals are main
tained on raised screen floors so as to minimize coprophagy. 
Barki et al. ( ’49) noted a growth depression in rats that were 
completely prevented from eating their feces when fed a bio
tin-free diet which suggests that the resistance of this species 
may be due to the practice of coprophagy.

Biotin deficiency is most commonly produced in the rat by 
feeding a source of avidin. Under such conditions it has been 
reported that cholesterol transport to the liver is blocked 
(Okey et al., ’5 1) , causing a low liver cholesterol. The present 
studies deal with the question of the role of coprophagy in the

1 This research lias been supported in part by funds provided by the State Uni
versity of New York and by the National Science Foundation.
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development of biotin deficiency and tbe relationship of this 
deficiency to cholesterol transport phenomena.

METHODS

The procedure for the prevention of coprophagy in the rat 
has been described previously (Barnes et al., ’57). Male a l
bino rats were obtained at weaning age and when received 
in the laboratory were maintained for three days on the 
control purified diet (diet A ). They were divided into groups 
of 10 rats each in such a manner as to distribute body weight 
equally. They were housed in individual wire screen-bottom 
cages in a room maintained at 72 ±  2°C  and fed ad libitum. 
Blood samples were taken by heart puncture under light ether 
anesthesia. Serum cholesterol was determined by the pro
cedure of Abell et al. ( ’52). At the termination of experiments 
the livers were removed, blotted to remove blood and weighed. 
The excised liver was placed in a flask containing 20 ml of 
70% ethyl alcohol and 1.5 gm KOH. The mixture was re
fluxed on a steam bath for 8 hours. The resulting brown liquid 
was transferred to a 100-ml volumetric flask using 95% al
cohol. An aliquot was acidified with HC1, reduced to small 
volume and extracted with petroleum ether (30 to 60°C). The 
liver fat was determined gravimetrically after evaporation of 
the solvent. L iver cholesterol was determined in another 
aliquot by the method of Abell et al. ( ’52). The method of 
Wright and Skeggs ( ’44) was used for the microbiological 
determination of biotin in liver. The composition of the vari
ous diets is shown in table 1.

RESULTS

Experiment 1. Four groups of 10 rats each were set up so 
that two groups received the control diet (A) and two the 
same diet without biotin. One group on each of these diets 
was maintained with feces collection cups so as to prevent 
coprophagy. Body weights after 1 1  weeks are given in table 2. 
The characteristic decrease in weight gain due to the presence 
of the fecal collection cups can be noted. Lack of biotin in
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the conventional rats had little if  any effect, but a definite de
pression in growth was observed when coprophagy was pre
vented. A t the end of the 11-week period 5 rats from each

TABLE 1

Diet composition

C O N S T I T U E N T

A
D I E T  N O . 1

B F
gm gm gm

Casein2 25.0 25.0
Egg white3 25.0
Cerelose 53.0 58.0 58.0
Primex 4 15.0
Hydrols 1 0 . 0 1 0 . 0

Salts6 4.0 4.0 4.0
Choline dihydrogen citrate 0.3 0.3 0.3
B vitamins in sucrose 2 . 0 2 . 0 2 . 0

Pat sol. vitamins in corn o il7 1.0 1.0 1.0

B  V IT A M IN S  IN  2 .0  GM SU CRO SE F A T  S O L U B L E  V I T A M I N S  I N  1 .0  GM C O R N  O I L

mg mg
Thiamine -HC1 0.40 Vitamin A  acetate 0.31
Riboflavin 0.80 Vitamin D (calciferol) 0.0045
Pyridoxine-HCl 0.40 Alpha tocopherol 5.00
Ca pantothenate 4.00
Niacin 4.00
Inositol 20.00
Biotin 0.02
Folic acid 0.20
Vitamin Bu 0.03
Menadione 1.00

1 Diet C same as B -with olive oil instead of Hydrol; diet D same as B with 
corn oil instead of Hydrol and diet E same as B with 1% cholesterol in place 
of 1 % eerelose.

2 Vitamin test. General Biochemicals, Ine.
3 Fermented, spray dried, Swift and Company.
4 Proctor and Gamble.
5 Hydrogenated coconut oil made on special order without added lecithin, Durkee 

Division, Glidden Company.
6 Hubbell, R. B., L. B. Mendel and A. J. Wakeman, J. Nutrition, 14: 273, 1937. 
’  Mazola, Corn Products Refining Company.

group were bled and their livers removed. Serum cholesterols 
appeared lower in the deficient group (coprophagy-prevented) 
hut variability among rats necessitates larger groups in order
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to establish the significance of any small deviation. L iver bio
tin values showed the small but consistent drop with increas
ing severity of the deficiency that was noted by Skeggs and 
W right ( ’46). It  is quite evident that the prevention of 
coprophagy resulted in a minimal biotin deficiency. There 
were no characteristic skin signs of deficiency, but most of the 
rats developed sores where the plastic feces collectors rubbed 
against the back. This was not noted in the animals on the 
control diet.

The 5 remaining rats from each diet were continued for 
three additional weeks. All rats received the control diet 
(containing biotin). No change in growth rate of the first three 
groups was noted, but the biotin-deficient rats in which 
coprophagy was prevented showed a definitely increased 
growth rate although not sufficient to reach the controls with
in this time.

TABLE 2

Body weight, serum cholesterol and liver biotin at the end of 11 weeks 
( experiment 1)

GROUP
D E S C R I P T I O N

D I E T  -  
N O .

B O D Y W E IG H T
L I V E R  

B I O T I N  1Start Final C H O L E S T E R O L  1

gm gm mg /100 m l M/em
Control A 55 397 77 ±  4.8 0.49 ±  0.24
Control +  feces cups A 55 347 75 ±  4.8 0.53 ±  0.33
Biotin-deficient A 2 55 380 82 ±  4.4 0.46 ±  0.37
Biotin-deficient +  feces cups A 2 55 296 71 ±  3.4 0.30 ±  0.18

1 With standard error of the mean.
2 Diets without biotin.

Experiment 2. The second study was designed to evaluate 
the effects of different dietary fats on the development of 
biotin deficiency. Twelve groups of 10 rats each received the 
dietary treatments listed in table 3. H alf of the groups were 
prevented from eating their feces. The two groups receiving 
egg white rapidly developed the severe skin signs of bio
tin deficiency including extensive alopecia, dermatitis, spec
tacled eyes and the typical spastic posture. At the end of 4 
weeks these rats were bled by heart puncture and divided into 
subgroups for the study described under experiment 3.
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The usual depression in all groups with fecal collection cups 
was obtained. The conventional rats receiving as dietary fat 
hydrogenated coconut oil,2 olive oil, corn o il3 or Hydrol plus 
1% cholesterol grew at approximately the same rate. There 
was no obvious effect due to the presence or absence of biotin 
in the diets. However, when coprophagy was prevented the 
rats receiving the biotin-deficient diets all grew at a lower rate 
and there Avas a definite difference betAveen the growth of the 
rats receiving the saturated and unsaturated fats. Not only 
did the growth rate reflect a more marked biotin deficiency 
when olive oil or corn oil was in the diet, but the majority of 
rats from these tAvo groups began to show the severe skin 
signs of alopecia, dermatitis and encrusted eyes by the 11th 
Aveek post Aveaning. The coprophagy-prevented rats that re
ceived Hydrol showed no skin signs of the deficiency and 
weight gain A\7as greater than the rats getting the unsaturated 
fats.

Total liver fat and total cholesterol did not sIioav any con
sistent change due to the various treatments Avith the exception 
of the tAvo groups that received 1% of cholesterol in the diet. 
In these latter tAvo groups total liver fat appeared the same, 
but liver cholesterol Avas higher in the group in which cop
rophagy Avas prevented, giving evidence of a marginal de
ficiency of biotin.

In the groups that did not receive cholesterol, the serum 
cholesterol values appeared to be increased Avhen coprophagy 
was permitted and a biotin-free diet was fed. The biotin-de
ficient groups (coprophagy-prevented) had Amlues similar to 
the controls. This finding is difficult to explain and Avill bear 
further investigation. It is of interest that the change in serum 
cholesterol Avas in the same direction in both experiments 1 
and 2. In the two groups fed cholesterol, the biotin-deficient 
groups (coprophagy-prevented) gave the higher value.

2 Hydrol, made on special order without added lecithin, Durkee Division, Glidden 
Company.

3 Mazola, Corn Products Eefining Company.
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Experiment 3. The two groups of rats that had received the 
egg white diets for 4 weeks were rearranged into two groups 
so that half of each of the new groups were animals in which 
coprophagy had been prevented and the fecal collection cups 
were maintained on these rats. A ll of these rats were con
tinued on the egg white diets, but with a supplement of 0.5% 
of cholesterol. One of the new groups received 5 mg of biotin 
each day by stomach tube; the remaining group continued 
without biotin. The new regimen was followed for two weeks 
at which time the rats were bled and livers removed for total 
fat and total cholesterol determination. A ll rats that were 
given the biotin supplement showed an immediate spurt in 
growth and a dramatic induction of cure of signs of the de
ficiency. The lipid analyses are given in table 4. L iver fat did 
not change, but biotin therapy, even for the short two-week 
period, permitted an increase in liver cholesterol. The de
ficient group showed the higher serum cholesterol. The liver 
cholesterol change was the reverse of that found in experi
ment 2.

DISCUSSION

Development of biotin deficiency. It  has already been men
tioned that Barki et al. ( ’49) noted a depressed growth rate in 
rats on a biotin-deficient diet when coprophagy was totally 
prevented. The present results confirm and extend this ob
servation to show that the complete picture of biotin deficiency 
can be obtained by coprophagy prevention when certain un
saturated fats are fed. The rats were about 15  weeks of age 
when the skin symptoms were well developed. This is about 
twice the age necessary for approximately equal deficiency to 
appear in the rats that were getting 25% of raw egg white in 
the diet. On the other hand the rats in which coprophagy was 
prevented developed the deficiency in about the same time 
period that was found necessary by Luckey et al. ( ’55a) in 
germ-free rats on a biotin-deficient diet. It  is possible that 
some biotin synthesized in the intestine is absorbed directly, 
but it would seem more logical to conclude that the more 
severe deficiency produced by egg white is due in part, at least,
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to effects in addition to the binding of newly synthesized bio
tin. For example, Luckey et al. ( ’55b) found rather high quan
tities of certain vitamins in the cecal contents of germ-free 
animals and this might reflect an intestinal secretion and reab
sorption that would, of course, be blocked by a source of avidin.

The effect of the different dietary fats was completely un
expected. It  is well known that oleic acid will replace the bio
tin requirement of certain microorganisms. Williams and 
Fieger ( ’46) and M acKay and Barnes ( ’41) have shown that 
highly unsaturated fats partially replace the biotin require
ment in the egg white-induced deficiency in rats. This latter 
observation has not been studied by others. It  would be of 
interest to repeat the study to see if under the same laboratory 
conditions there is a difference in the effect of fat on biotin 
deficiency developed by egg white as compared with a simple 
dietary exclusion of the vitamin. Salmon and Goodman ( ’34) 
reported that the skin lesions of “ egg white syndrome”  in 
rats were more severe on low-fat diets than on diets contain
ing 18%  of butterfat or hydrogenated cottonseed oil or 0.2 ml 
of linseed oil per rat per day. This finding relates fat to 
biotin deficiency, but is not comparable to the work of M acKay 
and Barnes ( ’41) or the present study. Many effects of dietary 
fat upon vitamin requirements have been traced to the in
fluence of the fat on intestinal synthesis. The differences be
tween the effects of the fats used in the present study probably 
are not explained on this basis, but must reflect some metabo
lic phenomenon in the tissues.

The differences in the susceptibility of various animal spe
cies to the development of biotin deficiency mentioned in the 
introduction may be related to their habits in practicing cop- 
rophagy. The chicken can become deficient in vitamin K , folic 
acid and biotin by simple exclusion of these vitamins from 
the diet, while most other monogastric animals require special 
treatment such as the use of antibacterial substances in order 
to develop these deficiencies. It  has been shown here that 
dietary restriction with coprophagy prevention will lead to 
the development of biotin deficiency in the rat and in unpub
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lished observations tbe same has been found for vitamin K  and 
folic acid. It  is likely that the chicken that is maintained on 
raised wire screens does not eat its feces or at least to the 
same extent as the rat. Perhaps this is true also of certain 
strains of mice that readily develop biotin deficiency.

Liver and serum cholesterol. Okey et al. ( ’5 1) showed that 
when cholesterol is fed to rats receiving a diet containing 
avidin there is a block in the deposition of cholesterol in the 
liver. Although the biotin-deficient rats fed cholesterol con
sistently had lower liver cholesterol values than the controls 
no differences were found when cholesterol was not added to 
the diets. No serum cholesterol values were given in this 
study; in fact very little information is available on the serum 
cholesterol in biotin deficiency. Sydenstricker et al. ( ’42) 
found high serum cholesterols in 4 human subjects that in
gested large quantities of egg white and developed some signs 
of biotin deficiency.

In the present studies when cholesterol was not being fed 
biotin deficiency was not associated with any consistent alter
ation of liver cholesterol. However, when 1.0% of cholesterol 
was included in the biotin-deficient diets there was an increased 
storage of liver cholesterol. Unlike the experiments of Okey 
et al. ( ’51) where biotin deficiency was induced by feeding a 
source of avidin, the biotin-deficient rats in which coprophagy 
was prevented showed a higher liver cholesterol than the con
trols. The rats in experiment 3 in which egg white and cho
lesterol were fed for two weeks showed the lowered liver cho
lesterol values as reported by Okey et al. Therefore, it would 
appear that the biotin deficiency per se may not be respon
sible for blocking the storage of cholesterol in the liver and 
the avidin-indueed deficiency may have introduced a factor 
other than biotin deficiency that is involved in this storage.

The serum cholesterol in the biotin-deficient groups not 
receiving cholesterol (coprophagy prevention) was about 12%  
lower than in the corresponding controls (coprophagy permit
ted) but when cholesterol was fed the deficient rats had the 
higher values. The differences were not evident at the 4-week



period, but were established by the 11th  week. When choles
terol was fed the rise in serum cholesterol in the egg white 
group appeared to be blocked by the administration of biotin. 
Probably these changes in cholesterol are not caused by effects 
of egg white or biotin upon cholesterol biosynthesis since 
several authors have found this to be practically unchanged in 
biotin deficiency (Curran, ’50; Guggenheim and Olson, ’52; 
Gram and Okey, ’58). Furthermore, the only changes in liver 
cholesterol were found when exogenous cholesterol was sup
plied. Inanition could be responsible for the lowered serum 
cholesterol in the deficient animals not being fed cholesterol. 
However, severe inanition due to the removal of protein from 
the diet does not cause a lowering of the blood cholesterol.4

SUMMARY

Biotin deficiency can be induced in the rat by feeding a bio- 
tin-free diet and totally preventing coprophagy. The extent 
of the deficiency is dependent in part on the type of fat that 
is fed. Corn oil and olive oil in the diet caused a more severe 
deficiency to develop than hydrogenated coconut oil. Biotin 
deficiency developed much quicker when 25% of egg white was 
fed. However, the possibility exists that prevention of cop
rophagy may completely abolish the availability of biotin that 
is synthesized in the intestinal tract.

When cholesterol was fed to rats that were biotin-deficient 
due to feeding egg white inhibition of cholesterol storage in 
the liver was confirmed. This interference with storage was 
not observed in rats made mildly deficient by the prevention 
of coprophagy. Certain changes in serum cholesterol that are 
associated with biotin deficiency have been observed and their 
significance is discussed.
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The steadily increasing interest in the metabolic role played 
by dietary fats has stimulated studies with a wide variety 
of animals. A  brief description of the fat-deficiency syndrome 
in the guinea pig was reported previously (Reid, ’54). It  was 
shown that the deficiency symptoms could be prevented or cor
rected by the inclusion in the diet of fa t (corn oil) or linoleic 
acid. The present study deals with the effects of lack of die
tary fat and of normal levels of fat on the intake of food and 
water, rate of growth and survival time, together with a de
tailed description of the fat-deficiency symptoms.

METHODS

Guinea pigs of the Hartley strain, weighing from 95 to 1 15  
gm and two to 5 days of age, were fed the experimental diets. 
In the first experiment both male and female animals were em
ployed but in all subsequent tests male animals only were used. 
For studying the effects of fat deficiency, fat was omitted 
from diet no. 13  (Reid and Briggs, ’53) and an equal amount 
(7.3%) of glucose 1 substituted. Animals on the complete diet,

1 Cerelose.
611
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containing- 7.3% of corn oil, served as controls. The fat-solu
ble vitamins were added to the diet in alcohol solution. The 
ration consisted of the following ingredients in percentage 
amounts: casein (vitamin-free) 30, sucrose 10.3, cellophane 
spangles 15, cornstarch 20, glucose 15 .1, potassium acetate 
2.5, magnesium oxide 0.5, salt mixture 6 (Briggs et al., ’43), and 
0.2 each of choline chloride, ascorbic acid, and inositol, with 
liberal amounts of the other known vitamins. The diets were 
refrigerated until used. A s in previous studies, a few extra 
animals were placed on the deficient diet for use as substitutes. 
I f  any of the animals in the experimental groups failed to 
grow during the first 10 days, they were replaced from the 
substitute group. Since growth was good and the mortality 
rate was low, few substitutions were necessary. Seven tests 
with 6 to 10 animals each were conducted with both the fat- 
deficient and control diets.

RESULTS

The data in table 1  summarize the results obtained on food 
and water consumption with two groups of 6 guinea pigs each 
which had been fed the respective diets for periods ranging 
from approximately 4 to 25 weeks. Because of spillage, ac
curate measurements of the amounts of both food and water 
actually consumed by each of the two groups were difficult to 
obtain. Food consumption of the animals fed the diet lacking 
fat was slightly greater than that of the control group during 
the first three weeks on the diets, probably in part because 
of the difference in caloric value between the two diets. A  
difference in taste and texture may also have exerted an in
fluence. The amount of food consumed by the control animals 
increased considerably as they continued to grow, whereas 
that of the deprived animals was less. Per 100 gm of body 
weight, however, the deprived group consumed slightly more 
than did the control group. Differences between the two 
groups in water consumption were slight, if  any, but per unit 
of body weight the values obtained for the deficient group 
were higher.
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A  slight retardation in growth as a result of lack of fat in 
the diet was usually observed by the 5th week and became 
fa irly  marked by the 6th week as may be seen in the growth 
curves in figure 1. A fter 16 weeks on the diets the average 
percentage difference in weights between the two groups in 4 
experiments was 27.2 ±  2.2; after 28 weeks the difference (two 
experiments) was 41.0 ±  3.0. In addition to retarded growth 
and in agreement with previously reported findings (Reid,

Fig. 1 Growth curves of guinea pigs reared with or without dietary fat. From 
0 to 12 weeks, each point on the curve represents 56 animals in both the control 
and deficient groups. Thereafter the number per group became less as some of 
the experiments were terminated. At 16 weeks the average numbers were 40 and 
38 and at 24 weeks they were 24 and 21 respectively in the control and deficient 
groups.
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’54), other deficiency symptoms were observed. They included 
dermatitis, marked drying inside of the ears, loss of fur, and 
skin ulcers. About half of the male animals showed some 
degree of priapism after the deficiency became pronounced. A  
marked reddening of the muscles was observed in approxi
mately one-third of the animals which had been fed a fat-free 
diet for a period of 140 to 196 days. In the fat-deficient groups 
the total number of fatalities in 76 weeks was 8 of a total of 
58 as compared to two in a total of 53 in the control groups. 
The two deaths in the control group occurred in one experi
ment and were probably a result of an infection.

Considerable variation in the rate of development of de
ficiency symptoms was observed in different experiments. B e
cause of the rather narrow range in humidity (40 to 50%) 
of the room in which the animals were kept, the variations 
herein described are not attributable to humidity changes. In 
a typical test, dermatitis was observed in some animals by the 
44th day; 5 of the 8 guinea pigs in this test showed the change 
by the 63rd day and at 102 days all of the animals were a f
fected, with severe symptoms in three. In most of the tests 
the symptoms were fa irly  severe by the 110th  day. B y  the 
time the dermatitis was pronounced there was usually some 
loss of fur on the abdomen and inner surface of the legs. 
In some of the severely deficient animals the feet were swollen 
and in one animal a foot became cyanotic.

Histological examination of the skin of some of the experi
m ental animals was made by Dr. G. L. Fite. The skin of the 
deficient animals appeared to be of normal thickness; the 
sebaceous glands were not abnormal in size or number and 
were generally not filled with sebaceous material to the ex
pected degree. In the desquamatory areas the keratinized por
tion piled up into a thick area instead of being normally shed. 
A  few animals showed alteration in the epidermis with edema 
and disruption in the basal layer suggesting some interfer
ence with the normal cycle of reproduction in the malpighian 
layer. Some of the animals also showed a suggestion of broad
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ening of the epidermal papillae. Inflammatory changes were 
trivial and presumably all secondary.

The effect of fat deficiency on the weight of some of the 
internal organs is shown in table 2. The data were obtained 
from 10 male animals which had been maintained on the diets 
for 201 days (5 with fat and 5 without). The average body 
weight of the deficient animals was 44 ±  0.54% less than that 
of the controls on the day previous to autopsy. On the day of

TABLE 2

E ffe c t  o f  fa t  deficiency on w eigh ts o f  body and organs o f  guinea p igs  
(5 /grou p) Tcept on d iets SOI days

BODY W EIGHT

NO FAT W ITH  FAT

Before removal of food
gm

488 ±  67 1
gm

877 ±  32
16 hrs. after removal o f food 441 ±  64 859 ±  32

W EIGHT OF ORGANS 
PER 100 GM BODY W EIGHT

NO FAT W ITH  FAT

Liver
gm

3.69 ± 0 .1 8
gm

2.54 ± 0 .1 3
Kidneys 1.185 ±  0.11 0.586 ±  0.05
Spleen 0.101 ±  0.005 0.118 ±  0.003
Adrenals 0.091 ±  0.01 0.063 ±  0.01
Testes 0.186 ±  0.04 0.241 ±  0.01
Heart 0.313 ±  0.03 0.243 ±  0.01

1 Standard deviation.

autopsy the difference was approximately 49 ±  0.65% because 
of the withholding of food for 16 hours. During this 16-hour 
period the control group lost only 2.0 ±  0.7% in weight as 
compared to a loss of 9.6± 1.0%  in the deficient group. Re
moval of food produced a decreased intake of water which 
was greater in the deficient animals. In relation to body 
weight the weights of the kidneys, adrenals, and hearts of the 
deficient animals significantly were higher than those of the 
control animals. The reverse was true of the testes and to a 
lesser extent of the spleen. The gall bladders of the deficient 
animals were small and contained little bile. The cortex of the
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adrenals appeared to be thickened. No fat or, in some cases, 
only slight traces were observed around the organs in the 
deficient animals.

The dry matter content of the blood was determined in the 
above-mentioned animals. The average values obtained were
18 .1 ±  0.5% for the 5 deficient animals and 19.3 ±  0.3% for 
the 5 controls. Results of the determinations of the total die- 
noic, trienoic, and tetraenoic acid content of the serum of 
groups of fat-deficient and control animals are shown in table
3. Marked differences between the two groups were found in

TABLE 3

Fatty acids in serum 1

T O T A L  
F A T T Y  A C ID

T O T A L
D IE N O IC ,

T R IE N O IC ,
A N D

T E T R A E N O IC
A CID S

D IE N O IC T R IE N O IC T E T R A E N O IC

mg/100 ml mg/100 ml m g/100 ml m g/100 ml
Without fat in diet (8 guinea pigs)

159 ±  20 5.36 ±  1.62 2 5.05 ±  1.41 0.17 ±  0.05 0.15 ±  0.04

With fat in diet (7 guinea pigs)
133.5 ±  10.6 62.32 ±  5.1 62.15 ±  5.1 0.0 0.16 ±  0.16

1 Determined by Dr. J. G. Bieri and Mr. C. J. Pollard.
2 Standard deviation.

dienoic acid but none in trienoic, tetraenoic, or in total fatty 
acids. Total fat and fatty acids were not determined on the 
entire carcass. The differences between the two groups in fat 
content must have been great considering the large amounts of 
fat stored in the fat reservoirs of the controls as compared 
to practically no visible fat in the deficient animals. Cor
roboration for this point came from moisture determinations 
of the carcasses which gave a value of 62.6% for the control 
animals and 74.0% for the deficient group. Since the water 
content of the fat-free body component is very close to 73 to 
74%, the deficient animal must have had practically no fat in 
its body (Rathbun and Pace, ’45; Morales, Rathbun and Pace, 
’45). Results of unsaturated fatty acid determinations of the
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serum, erythrocytes, heart and abdominal muscles, liver, and 
kidney of fat-deficient and control animals have been reported 
previously (Bieri et al., ’57). The dienoic acid decreased in all 
tissues on a fat-deficient diet whereas the tetraenoic acid 
showed no change in kidney, liver, abdominal muscle, and 
heart muscle as a result of the deficiency. The content of 
tetraenoic acid in the erythrocytes decreased to about one- 
third of that in the control animals.

Studies were also made of the effect of the presence or ab
sence of dietary fat on the hemoglobin and hematocrit values 
and erythrocyte and leucocyte counts in a small group of ani
mals in three experiments. Table 4 gives the average values 
found after different periods on the experimental diets. In 
general, slightly higher average values for hemoglobin and 
hematocrit were found in the control animals but there ap
peared to be no significant difference in the number of ery
throcytes. The volume of the erythrocytes was slightly higher 
in the control groups and the number of granulocytes was 
higher in the deficient animals. In a few animals on the fat-de
ficient regime there was some deterioration in the red cell pic
ture during the progress of the experiment and those animals 
which succumbed before the end of the experiment showed a 
lowering of the hemoglobin and hematocrit values previous to 
death. On the other hand, a few animals fed the fat-deficient 
diet showed a surprisingly constant red blood cell picture. In 
fact, a few individuals showed an increase in the hemoglobin 
and hematocrit values as the deficiency condition progressed. 
The highest values were in some cases found in those animals 
with the most severe dermatitis, redness of muscles, and hy
perirritability. In taking blood samples from the latter ani
mals the blood appeared to be of particularly low viscosity 
with a definite spreading character and little apparent tend
ency of the corpuscles to stick together. No readily noticeable 
difference in coagulability of the blood in any of the deficient 
and control animals was observed. I f  there were differences, 
they must have been slight.
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DISCUSSION

F at deficiency in the rat increases water consumption to 
two or three times that of the control animals (Burr and 
Burr, 29). The guinea pig differs from the rat markedly in 
this respect, apparently a consequence of a less extensive and 
more superficial change in skin structure (Williamson, ’41). 
Basnayake and Sinclair ( ’54) studied skin permeability in 
essential fatty acid deficiency in the rat and found that the 
skin was abnormally permeable, a condition which would ac
count in part for the failure in water retention. Since the 
guinea p ig ’s appetite for water is increased little, if  any, by 
the deficiency, it may be assumed that the water loss by evap
oration through the skin in this animal is much less than in the 
rat and differs only slightly, if  any, from that of the control 
animal.

Little information is available in the literature on the effect 
of fat deficiency on the blood in different types of animals, 
doubtless because clear-cut effects have not been found. Witz 
and Beeson (51) studied the physiological effects of fat de
ficiency in swine and found no significant effect on the hemo
globin, cholesterol, or red and white blood cells. The total 
lipids in the plasma were significantly higher in the animals 
receiving dietary fat (5% ). Swine fed the diet lacking fat had 
underdeveloped digestive systems, very small gall bladders, 
and retarded sexual maturity. These latter findings are in 
agreement with those herein described for the guinea pig. 
Although there is evidence in the literature (Josephs et al., 
38; Loewy et al., ’43) for a relationship between dietary fat 
and the rate of erythrocyte breakdown, no reports have been 
found on the effect of a complete lack of dietary fat on the 
rate of red cell breakdown in any type of animal. It  seems 
possible that a retardation in the turnover rate of erythro
cytes in fat-deficient animals in conjunction with a more rapid 
rate of production of red cells in the control animals may 
operate to maintain the number of red cells at about the same 
level in the two groups. Studies with radioactively-labeled 
cells should furnish an answer to the question of a possible
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effect of dietary fat on the rate of red cell-turnover in the 
guinea pig.

SUMMARY

Purified diets containing all of the nutrients known to be 
required by the guinea pig except fat were fed to guinea pigs 
placed on the diet at two to 5 days of age. Comparable ani
mals were given the same type of diet to which 7.3% of corn oil 
had been added. A s previously found in this laboratory, lack 
of dietary fat caused retarded growth, dermatitis, skin ulcers, 
loss of fur, and some mortality. The following additional ef
fects were also observed: priapism, reddening of the muscles, 
underdevelopment of the spleen, testes, and gall bladders, and, 
in relation to body weight, enlargment of the kidneys, liver, 
adrenals, and heart. There was also a lowering of the dry 
matter content of the blood, an apparent loss of blood vis
cosity, marked lowering of the dienoic acid content of the 
lipids of both the serum and erythrocytes. Deprivation of 
dietary fat produced, on an average, a mild microcytic anemia 
in the guinea p ig ; some animals, however, developed a marked 
anemia while some showed no alteration in the blood picture. 
No definite change was observed in the number of erythrocytes 
per unit of blood volume but an increase occurred in the num
ber of granulocytes.

Skin changes in the guinea pig as a result of fat deficiency 
were found to be less extensive and were confined more to the 
surface layers than are those which occur in the rat. P a t de
privation caused little, if  any, increase in water consumption 
in the guinea pig. Food intake, per unit of body weight, was 
higher in the deprived animals but the amount consumed per 
individual became less than that of the control animals as the 
deficiency became severe.
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Recent investigations of the relative nutritive value of 
turnip greens grown at two different locations in Georgia — 
Blairsville and Experiment — demonstrated the superiority 
of those from Blairsville (G ray et al., ’57). Growth studies 
with the rat indicated that a part of this nutritional difference 
might be due to the presence of vitamin B 12 or some other 
vitamin B i2-active substance in the Blairsville greens. Micro
biological assays showed them to contain vitamin B 12 activity 
for both Lactobacillus leichmannii and Ochromonas malhamen- 
sis.

The presence of vitamin B 12 (cyanocobalamin) in the leaves 
of higher plants has not to date been conclusively demon
strated. This study was planned with two major objectives: 
first, to establish the presence or absence of vitamin B 12 
activity in the Blairsville turnip greens using vitamin B 12- 
deficient chicks as the test anim als; and secondly, to ascertain 
whether or not this vitamin B 12-active substance was identical 
with cyanocobalamin, as determined by paper electrophoresis 
and chromatography.

EXPERIM ENTAL PLAN

Turnip greens grown at Blairsville and Experiment in 1953 
were used in these studies. They were washed and dried when 
harvested, and subsequently de-ribbed and pulverized.

623
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Chick studies

Two chick experiments were conducted in which New Hamp
shire X  Barred Plymouth Rock chicks from vitamin B 12-de- 
pleted hens were used. The composition of the basal diet and 
the Blairsville (B) and Experiment (E) turnip green diets is 
shown in table 1. A ll diets contained 20% of protein and 
0.8% of sulfur amino acids. The B  and E  turnip green diets

TABLE 1

Composition o f chick diets

B A S A L
D I E T

T U R N I P  G R E E N  D I E T S
C O N S T I T U E N T S

E 1 B
% % %

Corn 40 6 6

Soybean oil meal2 30 6 6

Wheat 26 2 2 2 2

Turnip greens — 24 2 0

DL-Metliionine 0.05 0.15 0.14
Corn starch — 36 40
Corn oil — 2 2

Wheat germ oil 
Minerals and vitamins 3

0.25 0.25

'E  orB  indicates the source of the turnip greens, Experiment (E ) or Blairsville 
(B ), Georgia.

“ Obtained from Archer-Daniels-Midland Co., Minneapolis, Minn.; 50% protein, 
low-fiber, solvent-extracted soybean oil meal.

“ Mineral supplements to all diets (grams per 100 g m ): diealeium phosphate 2, 
limestone 1, iodized sodium chloride 0.05, and manganous sulfate, monohydrate,
0. 033. Vitamin supplements (milligrams per 100 gm) : stable vitamin A  (10,000
1. TJ. per gm) 100, activated animal sterol (3000 A.O.A.C. chick units of vitamin 
D per gm) 25, calcium pantothenate 0.441, riboflavin 0.31, and menadione 0.22.

were made to contain equal amounts of turnip green protein 
(7.6%), since it was recognized that the slightly higher level 
of protein (as well as sulfur amino acids) in the B  greens 1 
could have been a factor in their superior quality for the rat 
(Gray et al., ’57). The importance of the choline content of 
the diet was also recognized, as choline and vitamin B i, have

1 The protein (N  X 6.25) and sulfur amino acid contents of the two turnip 
greens were: B —  38% protein, 448 mg% methionine, 240 mg% cystine; E —
32% protein, 338 mg% methionine, and 188 mg% cystine.
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been shown to spare one another in the diets of both chicks 
and rats (Schaefer et al., ’49a, b; Gillis and Norris, ’49). The 
calculated choline contents (Engel, ’43) of the diets used in 
experiment 1  were: basal, 0 .12% ; E  turnip green, 0 .13% ; 
B  turnip green, 0.12% . In experiment 2, all diets were made 
to contain 0.15% of choline (N.R.C. chick requirement, 0.13% ) 
in order to eliminate this nutrient as a variable.

The modifications of the diets studied in both experiments 
are shown in table 2. In the first experiment, 6 levels of vita
min B 12 were used, whereas only three were included in ex
periment 2 in order to increase the number of animals per 
treatment. A t hatching, the chicks were uniformly distributed, 
according to sex and weight, among the treatments. Each 
lot ivas housed in a separate pen in an electrically-heated 
brooder. Feed and water were given ad libitum for the experi
mental period of 4 weeks. A ll chicks were fed the basal diet 
for three days prior to being fed the experimental diets.

Microbiological studies

The chick livers were assayed for their vitamin B 12 content 
using Lactobacillus leichmannii (ATCC 4797) and the method 
of Peeler et al. ( ’49); all of these values were corrected for 
deoxyriboside activity (Hoffmann et al., ’49). The samples 
were extracted, in preparation for assay, by steaming for 30 
minutes in pH 5.0 acetate buffer containing 0.01% NaCN.

The turnip green samples and the fractions obtained in the 
course of the paper electrophoretic and chromatographic stud
ies, were assayed with Ochromonas malhamensis by the meth
od of Ford ( ’53). The extraction procedure is described below.

Paper electrophoretic and chromatographic studies

To facilitate the study of the vitamin B 12-active substance 
in the Blairsville turnip greens, it was necessary to purify and 
concentrate an extract of these greens. A  150-gm sample was 
placed in 1.5 liters of water, adjusted to pH 5.0 with HC1, and
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extracted by steaming for 30 minutes. The filtrate from this 
suspension was stirred twice with activated charcoal.2. The 
charcoal residues were combined, washed with 6% phenol, and 
stirred twice with hot 60% aqueous acetone. The combined 
acetone eluates were concentrated in vacuo to a small volume, 
and an aliquot of this concentrate was placed on an acid- 
washed aluminum oxide 3 column (21 cm X  2 cm). Distilled 
water was added to the column and the effluent was concen
trated as before. This concentrate was the turnip green solu
tion used in all electrophoretic and chromatographic studies 
subsequently described. A ll solvents contained 0.01% NaCN.

Two additional solutions were prepared for use in these 
studies. The first was an aqueous solution of crystalline vita
min B i2; the second was a solution containing turnip green 
extract to which crystalline vitamin B 12 was added. The vita
min B 12 contents of the three solutions (mgg/ml), as deter
mined by Ochromonas assay, were: turnip green (T.G.), 35; 
vitamin B i2 (B 12), 50; turnip green -f- B 12 (T.G. +  B 12), 76.

Paper electrophoresis. The hanging-strip type paper elec
trophoresis apparatus was used with Whatman No. 1  filter 
paper and with 0.5 N acetic acid (containing 0.01% NaCN) as 
the electrolyte. A ll runs were made at room temperature 
(approx. 22°C) for 16 hours with a constant current of 5 milli- 
amperes per cell, following an equilibration period of one hour. 
The apparatus was shielded from direct light. Aliquots of 
the three solutions were pipetted onto filter paper strips (30 
cm X  3 cm), each solution being placed on a separate strip. 
In order to have sufficient vitamin B 12 activity for the subse
quent assay of eluates from small portions of these strips, 6 
5-gl aliquots were superimposed in a spot, with periods of 
drying between applications. A fter the completion of the run, 
the strips were dried at room temperature and cut crosswise 
at one-centimeter intervals. Each section (1 cm X  3 cm) was 
placed in a test tube and extracted by steaming for 30 minutes 
in 10 ml of water (containing 0.01% NaCN and adjusted to

2 Dareo G—60.
2 Aluminum oxide, Merck. Suitable for chromatographic adsorption.
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pH 5.0 with HC1). The vitamin B 12 content of the eluate from 
each section was determined by assay with Ochromonas.

Paper chromatography. Ascending’ chromatography was 
performed in a dark, constant-temperature room (18.5°C) 
using a sheet of Whatman No. 1  paper (32 cm X  28 cm). The 
solvent system was sec. butanol-acetic acid-water-5 % NaCNaq 
( 10 0 :1 :5 0 :0 .2 5  by volume). Aliquots of each of the three 
solutions (T.G., B 12, and T.G. +  B 12) were well spaced along a 
line about 4 cm from the lower edge of the paper. The vitamin 
B 12 activity in each spot was increased by superimposing ali
quots as previously described. When the spots were dry, the 
paper was supported above the solvent in the chromatography 
chamber for an equilibration period of 8 hours after which it 
was lowered into the solvent. A fter 18 to 19 hours, when the 
solvent front had advanced approximately 2 1 cm, the paper 
was removed from the chamber and dried at room temperature 
while protected from light. Three rectangular areas •— each 
containing the chromatogram of one of the solutions — were 
cut from the sheet. Each rectangle was cut crosswise at one- 
centimeter intervals and the vitamin B 12 content of each strip 
determined as described for the electrophoretic procedure.

Combined electrophoresis and chromatography. Investi
gators at the University of Reading (Kon, ’55) reported that 
the best separation of a complex mixture of vitamin B 12-active 
compounds found in rumen and fecal contents was obtained by 
using’ a combination of paper electrophoresis and chromato
graphy. The adaptation of this technique to the present work 
is described below.

The T.G. -f- B 12 solution A v a s  applied to a sheet of Whatman 
No. 1  paper (32 cmX 28 cm) at a point A v h ic h  permitted the 
use of electrophoresis in the first direction and chromatog
raphy in the second. The procedures were the same as those 
described for each technique separately. A fter the completion 
of the chromatogram, it was divided into centimeter squares, 
e a c h  square Avas cut out, separately eluted, and its vitamin 
B 12 content determined.
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TABLE 2

Effect o f turnip green supplements on growth and vitamin B u liver-stores 
o f vitamin B u-deficient chicles

M E A N  W E IG H T  C H A N G E  1

D I E T
Exp. l Exp. 2

Exp. 1 
a n d  2  

( c o m b i n e d  
d a t a )

M E A N  
V IT . B ]2 a 
I N  L IV E R  
(E X P . 1 )

g m gm gm mug/gm 
( dry wt.)

Basal 224 (11 ):! 226 (13) 225 (24) 36.1
Basal -j- 50 m/¿g% Bu 256 (10) 260 (14) 259 (24) 49.9
Basal +  100 m;ig% Bu 250 (10) 301 (16) 284 (26) 65.7
Basal +  150 mpg% Bu 322 (12) 282 (14) 301 (26) 1 0 1 . 1
Basal - f  200 m/xg% Bu 346 (10) 94.2
Basal +  400 m/¿g% Bu 328 (12) 182.5
Basal +  2 ug% B ,2 373 (11) 690.2
E-T.G .4 203 (10) 194 (11) 198 (21) 30.3
B-T.G. 259 (13) 290 (15) 276 (28) 69.2

1 Weighted means were calculated to eliminate the effect of unequal numbers
of males and females. In experiment 1 , 1 2  chicks were started on each diet
except Basal (15) and E-T.G. and B -■T.G. (14). In experiment 2, 17 chicks
were placed on each treatment. The experimental period was 4 weeks.

z Determined with Lactobacillus leichmannii and corrected for deoxyriboside 
activity. The livers from all chicks in experiment 1 were assayed. ,

3 Number within parentheses refers to the number of surviving chicks.
4E —  T.G. and B —  T.G. diets contained turnip greens from Experiment (E ) 

or Blairsville (B ) in amounts of 24% and 20% o f the diets, respectively. (See 
table 1  for composition of diets.)

RESULTS AND DISCUSSION

A ll data obtained in the chick studies were subjected to an 
analysis of variance to determine the significance of the d if
ferences noted. The results of the two chick experiments are 
presented in table 2. The growth data for each experiment 
clearly indicate the presence of a vitamin B 12-active substance 
for the chick in the Blairsville turnip greens (Basal vs. B-
T.G., P  <  0.01). On the other hand, the chicks fed Experi
ment turnip greens grew no better than those on the basal 
diet. Thus, turnip greens grown at one location contained 
vitamin B 12 activity for the chick while those from another did 
not.
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The vitamin B12 contents of the livers of the chicks in ex
periment 1 are shown in table 2. These data likewise indicate 
that the Blairsville greens contained “ vitamin B12”  (Basal 
vs. B- T.G., P <  0.01), while those from Experiment did not. 
It can be seen that the level of vitamin Bi2 in the diet was 
generally reflected by the amount found in the livers of the 
chicks.

Since but one level of Blairsville greens was fed in the chick 
experiments, only an estimate of their vitamin B i2 content is 
possible from these results. No significant difference between 
the growth data for the two experiments was obtained, so 
these were combined (table 2) and used to plot the relationship 
between the vitamin B12 level of the diet and the weight change. 
When either the combined growth data or the data for the 
vitamin B12 contents of the livers were used for the purpose 
of estimation, the turnip greens contained 4 to 5 m̂ ig vitamin 
B12/gm. By Ochromonas assay, they were found to contain 7 
mpg/gm. These values were for the greens as fed (moisture 
content =  approximately 4%).

The finding of a vitamin B12-active substance in turnip 
greens was of considerable interest since only two naturally- 
occurring compounds are now known which possess vitamin 
B12 activity for the chick and Ochromonas, i.e., cyanocobalamin 
and vitamin B12m (Coates et al., ’55, ’56). However, most of 
the evidence to date supports the conclusion that vitamin B12 is 
not present in significant amounts (if at all) in the leaves of 
higher plants. Zucker and Zucker ( ’50) have written an ex
cellent review of the findings relative to this question. In view 
of the above facts, further investigations of the nature of the 
vitamin B12-active substance Avere deemed essential; and the 
results of the studies using paper electrophoresis and chroma
tography help to characterize this compound.

The distribution of vitamin B12 activity obtained by the 
examination of the three solutions by paper electrophoresis 
is shown in figure 1. It can be seen that the active material 
in the turnip greens movmd at the same rate as crystalline 
vitamin B12. The addition of vitamin B12 to the turnip green
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extract increased the vitamin B12 activity only in those strips 
where it was noted for the unsupplemented turnip green solu
tion.

------------ CENTIMETER STR IP------------
(+)e l e c t r o p h o r e s i s  ̂ m  chr omatography

Fig. 1 Distribution of vitamin B12 activity following paper electrophoresis 
or chromatography of solutions of turnip green extract and crystalline vitamin BH. 
The solutions studied were: turnip green (T.G.) ; crystalline vitamin B12 (B 12) ; 
and turnip green +  vitamin (T.G. +  B^). The arrow shows the point at which 
the solution was applied (origin). Each point on a curve represents the vitamin 
B^ activity found in the centimeter strip indicated.

The data obtained using paper chromatography are also 
presented in figure 1. In this instance, the activity in the tur
nip green solution was distributed among three strips with 
most in strips 2 and 3, while that in the vitamin B i2 solution 
was located almost entirely in strip 3. However, when crystal
line vitamin Bi2 was added to the turnip green solution, the 
distribution was essentially the same as that for the unsup
plemented turnip green solution. It is evident that some ex
traneous material (s) in the turnip green solution affected the
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movement of the added cyanocobalamin as it did that of the 
vitamin Bi2-active substance in the greens.

The use of the combined techniques (electrophoresis in the 
first direction and chromatography in the second) produced 
the distribution of vitamin B12 activity shown in figure 2. A 
single elliptical spot of activity was the result. Thus, the 
presence of more than one vitamin B12-active substance in the
T.G1. -j- B12 solution was not demonstrated, a fact corroborat
ing the earlier findings with electrophoresis or chromatog-
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Fig. 2 Distribution of vitamin B 12 activity after combined paper electrophoresis 

and chromatography of the turnip green -f- crystalline vitamin B12 solution 
(T.G. +  B12). Electrophoresis was employed in the first direction and chromatog
raphy in the second. The figures show the vitamin B 12 activity (per cent of 
total) found in the centimeter squares indicated.
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raphy singly. However, it is recognized that unequivocal 
proof of the identity of the vitamin Bi2-active substance in the 
turnip greens with cyanocobalamin can only be obtained with 
its isolation in pure form followed by degradation studies.

The demonstration that vitamin B12 ivas present in the 
leaves of a higher plant in amounts of nutritional significance 
to the animal, and that its occurrence was in some way related 
to the plant’s environment, posed the question of its origin. 
Was it elaborated by the turnip plant under certain environ
mental conditions ? As mentioned earlier, there is no evidence 
supporting the synthesis of vitamin B12 by a higher plant. 
Was it produced by soil microorganisms and subsequently ab
sorbed via the plant roots? There is ample proof of such syn
thetic activity by certain microorganisms (Lochhead and 
Thexton, ’52; Burton and Lochhead, ’52) and of vitamin B12 
activity in soil (Stephenson et al., ’48), but no evidence that 
the vitamin B12 molecule is absorbed by the plant from the soil. 
Could it have been produced by bacteria living epiphytically 
on the turnip leaf? Ericson and Lewis ( ’54) postulated such 
a relationship in their studies of vitamin Bi2 compounds found 
in certain algae. Further studies, some of which are now in 
progress, will have to be made before the answers to these 
questions are obtained.

SUMMARY

The presence in turnip greens of a substance with vitamin 
B12 activity for chicks and for Ochromonas malhamensis was 
demonstrated.

The possible identity of this active substance with vitamin 
B12 was investigated using paper electrophoresis and chroma
tography. By these criteria, there was no evidence that the 
substance in the turnip greens differed from cyanocobalamin.

The fact that the vitamin Bi2-active material was found 
in turnip greens grown at one location but not in those from 
another raises the question of its origin. Possible sources of 
this vitamin B12 were discussed.
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Lactic dehydrogenase and succinoxidase are of interest in 
the metabolism of the heart because of their importance in the 
respiration of cardiac muscle. The heart depends largely on 
lactic acid as an energy metabolite. Wroblewski, Ruegsegger, 
and LaDue ( ’56) reported that lactic dehydrogenase is re
leased into the blood serum during myocardial infarction. 
Govier, Yanz and Grelis ( ’46) studied in vitro the effect of 
a-tocopherol phosphate on the lactic dehydrogenase of guinea 
pig cardiac muscle.

Succinoxidase is more active in the heart than in any other 
tissue (Schneider and Potter, ’43). Wainio et al. ( ’54) fed 
mature rats a protein-free diet for 7 weeks and found that 
succinic dehydrogenase was reduced proportionally to the de
crease in protein in the heart. Bouman and Slater ( ’56) found 
that heart mitochondrial fragments contained a-tocopherol in 
amounts stoichiometric to some cytochromes, which suggested 
that it was a part of a respiratory chain. Houchin ( ’42) found 
that muscles of vitamin E-deprived rabbits, hamsters and 
rats had more succinoxidase activity than those fed the vita
min.

The present study was made to obtain information on lactic 
dehydrogenase and succinoxidase activity in the heart of rats,

635
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as influenced by adequate and subadequate levels of dietary 
protein, each with and without vitamin E (dl, a-tocoplierol ace
tate) at several different ages. The effect of sex was also 
studied.

EXPERIMENTAL

Twenty-four Long-Evans strain litters of 8 rats each (4 
female and 4 male) were divided into 4 dietary groups when 12 
days old. Up to this time the mothers were fed a commercial 
Purina pellet ration.1 The diet containing the most protein 
was that of Mason and Harris ( ’47) and contained the follow
ing substances, in percentages: casein, 20; sucrose, 56; U. S. P. 
XIV  salt mixture, 4 dried brewers’ yeast, 10; lard, 10; 10 
units of vitamin A and 1 unit of vitamin D per gram of diet. 
Four diets were prepared using 10, as well as 20%, of vitamin- 
free casein;2 each protein level without and with added vita
min E (300 mg of dl, a-tocoplierol acetate per kilogram of 
diet). The sucrose was varied inversely as the casein. The 
10% of brewers’ yeast contributed about 4.6% protein to each 
diet. By analysis the diets contained 14.3 and 23.7% of pro
tein, respectively.

When the rats were 21 days old, the mothers were removed, 
the sexes separated, and the weanling rats continued on the 
diets in groups of three rats per wire cage. The rats were 
weighed approximately at weekly intervals. When mature, a 
random sample of the females fed the vitamin E-deprived 
diets produced litters only when supplemented with 2 to 4 mg 
of dl, a-tocopherol acetate per day for one week during early 
pregnancy. Some of the vitamin E-deprived rats were sub
jected to the dialuric acid hemolysis test (Pose and Gyorgv, 
’50) after they reached maturity and all gave a positive re
action.

At 65, 95, 185 and 365 days of age two rats of each sex, fed 
the high-protein diet, with and without vitamin E and three 
rats of each sex, fed the low-protein diet, with and without vita-

1 Purina pellets.
2 Nutritional Biochemicals Corporation, Cleveland, Ohio.
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D A Y S  O F  A G E
Fig. 1 Effect of two dietary levels of protein, with and without vitamin E, on 

the growth of rats fed the diets starting at 12 days of age. Significance: protein 
(P  <  0.01) ; vitamin E with 14.3% protein for both sexes ( P < 0 . 0 1 ) .
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min E were sacrificed by decapitation, and lactic dehydro
genase and succinoxidase were determined immediately on 
the ventricles of the heart. The lactic dehydrogenase was de
termined by the manometric method of Green and Brosteanx 
( ’36), using adrenaline as the hydrogen carrier. The succin
oxidase was determined by the manometric method of Schneid
er and Potter ( ’43) at 38°C. Total nitrogen in the homo
genates was determined by the Ivjeldahl method, and activities

Fig. 2 Effect of two dietary levels of protein, and age, on tlie lactic dehydro
genase and succinoxidase of the hearts of rats. Each observation for the 14.3 and 
23.7% protein diets is the mean of 12 and 18 rats, respectively. Significance: 
protein (P  <  0.01) for both enzymes; age (P  <  0.01) for the lactic dehydrogenase 
activity only.

of the enzymes were calculated as microliters of 0 2 uptake per 
hour per milligram of nitrogen and per gram of wet weight. 
Statistical analysis of the data was made according to Snede- 
cor ( ’46).

RESULTS AND DISCUSSION

As shown in figure 1 the vitamin E stimulated (P <  0.01) 
growth in both sexes of the rats fed the low-protein diet, the 
males more than the females. However, vitamin E had no 
significant effect on the growth of the rats fed the high protein



E N ZYM E ACTIVITY OF TH E HEART 6 3 9

diet. Various investigators (Dam, ’44; Hove, ’46; Hove and 
Harris, ’47) have reported that vitamin E stimulates weight 
gains on low-protein diets.

In figure 2 data are presented showing the effect of the two 
dietary levels of protein and of age on lactic dehydrogenase 
and succinoxidase activity in the ventricles of the rats. Sex 
had no significant effect on the enzyme activity, and so data 
for the individual sexes are combined. Each value in figure 2 
for the 14.3 and 23.7% protein diets is the mean of 12 and 8 
rats respectively. All values are expressed as microliters of 
oxygen uptake per hour per milligram of nitrogen in the 
homogenate. The lactic dehydrogenase values Avere multiplied 
by 10 before graphing. The rats fed the loAV-protein diet had 
higher (P <  0.01) values for both lactic dehyrogenase and 
succinoxidase activity. However, at 365 days of age the suc
cinoxidase Avas not affected by the amount of dietary protein. 
On the basis of aeHvity per gram of Avet Aveight of the heart, 
the same effect of dietary protein Avas observed as graphed on 
the basis of per milligram of nitrogen.

Although the rats of the loAAr-protein group received only 
about 66, 81 and 92% of their methionine, tryptophan, and 
phenylalanine requirements, respectively (Farris and Griffith, 
’49), they cannot be regarded as having a protein diet com
parable to the protein-free diets of the mature rats of Wainio 
et al. ( ’54). These workers found a decrease of succinic de
hydrogenase in the heart on the Avet weight basis, but essen
tially no effect on the activity per milligram of nitrogen basis. 
The observations by Wainio et al. suggest that the effects of 
protein in the present study might be due to action on electron 
carriers associated Avith the cytochrome system, which Avas 
not involved in their study with succinic dehydrogenase. This 
dietary effect also occurred Avith the lactic dehydrogenase in 
the present study, which may involve cytochrome components 
even though adrenaline Avas used as an electron carrier. A 
simpler explanation may be that the rats on low dietary pro
tein did not form as much non-enzvme protein in their tissues,
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and thereby had greater enzymatic activity per milligram of 
total nitrogen.

As the rats grew older the lactic dehydrogenase activity in
creased (P <  0.01); age did not affect the succinoxidase ac
tivity. The influence of age on both enzymes was the same on 
the nitrogen and the wet weight basis.

In figure 3 data are graphed that show the effect of dietary 
vitamin E on the lactic dehydrogenase and succinoxidase ac
tivity of the ventricles of rats at 65, 95, 185 and 365 days of 
age. The values are reported as microliters of oxygen uptake 
per hour per milligram of nitrogen. The values obtained for 
the lactic dehydrogenase activity were multiplied by 10 before 
graphing. Each observation graphed is the mean of 10 rats. 
Vitamin E had no effect on the lactic dehydrogenase, either 
on the nitrogen or wet weight basis. With or without the vita
min E, the lactic dehydrogenase activity increased (P <  0.01) 
with age.

Statistically, the rats (fig. 3) that received the vitamin E had 
more succinoxidase activity in the ventricles on the nitrogen 
basis (P <  0.05) and on the wet weight basis (P <  0.01). 
However, the values obtained at 65 and 365 days of age were 
essentially the same for both of the groups fed vitamin E. 
These data appear to conflict with those of Houchin ( ’42), 
who observed more succinoxidase in muscles of vitamin E- 
deprived rats, hamsters and rabbits. The answer to the differ
ence must lie in the observations of Jacobi et al. ( ’50), who 
found that a stimulation or an inhibition of succinoxidase 
activity could be demonstrated in vitro in homogenates of 
liver or muscle depending on the concentration of a-tocopherol 
phosphate present. Liver will store larger quantities of vita
min E than other tissues when animals are fed adequate diets 
(Mason, ’42), and in the present study gave less (P <  0.01) 
succinoxidase activity on the wet weight basis for the group 
that received vitamin E. This same degree of inhibition was 
observed also for lactic dehydrogenase in the liver on the 
basis of activity per gram of wet weight. However, observa
tions made on the skeletal muscles in this study showed slight
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ly more (not significant) activity of both enzymes in the group 
fed vitamin E. Apparently a stimulation or an inhibition of 
activity of both these enzymes may vary in different investi
gations, depending on the tissue studied and the dietary vita
min E treatment.

Fig. 3 Effect of vitamin E and age on the lactic dehydrogenase and succin- 
oxidase activity of the hearts of rats. Each observation is the mean of 10 rats. 
Significance: vitamin E increased (P  <  0.05) the succinoxidase, but not the
lactic dehydrogenase; lactic dehydrogenase increased (P  <  0.05) with age, but 
age had no effect on the succinoxidase.

SUMMARY

A study lias been made of the effect of two dietary levels of 
protein (14.3 and 23.7%), each with and without vitamin E 
(dl, a-tocopherol acetate), upon the lactic dehydrogenase and 
succinoxidase activity of the heart ventricle of rats at 65, 95, 
185 and 365 days of age. The animals were placed on the diets 
by litters at 12 days of age. Vitamin E aided (P <  0.01) the 
growth of the rats fed the low-protein diets. The groups fed 
the low dietary protein had more (P <  0.01) lactic dehydro
genase and succinoxidase activity in the heart. Those fed 
vitamin E had more (P <  0.05) succinoxidase, but a similar
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amount of lactic dehydrogenase activity in the heart, compared 
to the rats deprived of vitamin E. As the rats grew older the 
lactic dehydrogenase increased (P <  0.01), but age had no 
effect on the succinosidase activity. Sex did not affect the ac
tivity of either enzyme.
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DENTAL CARIES IN THE ALBINO RAT IN 
RELATION TO THE CHEMICAL COMPOSITION OP 

THE TEETH AND OP THE DIET
IV. VARIATIONS IN THE C A /P  RATIO OP THE DIET INDUCED 

BY CHANGING THE CALCIUM CONTENT

JOHN HALDI, W INFREY WYNN, KATHERINE D. BENTLEY 
a n d  MARY L. LAW

Department of Physiology, Emory University 
Atlanta, Georgia

(Received for publication October 20, 1958)

A progressive decrease in the cariogenicity of a high sucrose 
synthetic diet has been observed Avhen the Ca/P ratio was 
decreased from 1: 0.5 to 1 :1  and 1: 2 by varying the phos
phate content of the diet while maintaining the calcium at a 
constant 0.5% level (Wynn, Haldi, Bentley and Law, ’56). 
The reduction in the incidence and extent of dental caries 
was not related to any detectable chemical changes in the 
composition of the enamel and dentin of the teeth.

The results of these experiments left unanswered the ques
tion whether the reduction in the cariogenicity of the diet 
should be attributed to changes in the Ca/P ratio per se or 
to an increase in the phosphorus concentration. The experi
ments reported in this paper have been conducted in an effort 
to throw some light on this problem, and at the same time to 
determine whether additional amounts of calcium in the diet 
would, like additional amounts of phosphorus, reduce its 
cariogenicity. Since the work of Sobel and Hanok ( ’48, ’58) 
seems to indicate a possible interrelationship of the Ca/P 
ratio of the diet, dental caries and the chemical composition 
of the teeth, this study has been extended to include chemical 
analyses of both the molar and incisor teeth.

645
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EXPERIMENTAL

Experiment on dental caries. Twenty quadruplicate groups 
of litter mate albino rats were selected at weaning and si
aloadenectomized in the manner described previously (Haldi, 
"Wynn, Shaw and Sognnaes, ’53). They were then assigned 
to 4 experimental diets. The basic diet consisted of 64% su
crose, 20% casein, 8% fat, 4% yeast and liver extract, 4% 
salt mixture and vitamin supplements. The salt mixture was 
the same as that employed in our earlier experiments (Haldi, 
Wynn, Law and Bentley, ’55) except that the calcium content 
was adjusted to give the desired Ca/P ratios for the different 
experimental diets. The phosphorus concentration of all 4 
diets remained the same at the level of approximately 0.5%; 
available data indicate this level is sufficient to meet the 
nutritional requirements of the rat (Cox and Imboden, ’36; 
Hubbell, Mendel and Wakeman, ’37). Calcium, which was 
present in the amount of 0.29% in the diet with the Ca/P 
ratio of 1: 2 was increased in the other three diets by the addi
tion of calcium carbonate to give Ca/P ratios of 1 :1 ,1 : 0.5 and 
1: 0.3. All the diets were analyzed for their calcium and phos
phorus content. The food intake of each quadruplicate group 
of animals fed the 4 diets was equalized so that each animal 
in a group would have the same phosphorus and caloric intake. 
At the end of a 10-day feeding period, the animals were 
sacrificed, the maxillae and mandibles removed and the teeth 
examined under a dissecting microscope and scored for dental 
caries by the method customarily employed in our laboratories 
(Haldi and Wynn, ’52).

Experiment on tooth composition. Inasmuch as an accurate 
analysis of sound tooth substance cannot be obtained when 
the teeth are carious, another experiment was conducted in 
which the salivary glands were left intact and the animals fed 
the experimental diets 70 days as in the previous experiment 
on dental caries. In our laboratories dental caries does not 
develop in intact animals of our Wistar colony when fed our 
cariogenic diets for this length of time.
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In this experiment only two diets were employed; namely, 
those with the lowest and highest Ca/P ratios of 1 :2  and 
1:0.3. The calcium concentration in the former was 0.29% 
and in the latter 1.57% with the phosphorus concentration 
0.52% in each. The calcium and phosphorus contents of the 
experimental diets are given in table 1.

TABLE 1

Composition o f diets with various Ca/P ratios and their effect on dental caries

C a/P
O F  D I E T

C A  I N  
D I E T

P  I N  
D I E T

N O .  O F  
R A T S

A V E R A G E  
N O .  O F  

L E S I O N S

C R I T I C A L  
R A T I O  2

A V E R A G E
C A R I E S
S C O R E

C R I T I C A L  
R A T I O  2

% °/o

1 :  2 .0 0.29 0.52 20 23 ±  0.4  1 34 ±  1 .5  1
>  3.0 >  3.5

1 : 1.0 0.57 0.50 20 21 ±  0.5 27 ±  1.3
>  2.6 >  3.3

I : 0.5 1.01 0.49 20 19 ±  0.8 21 ±  1.2
> 1 . 9 >  0.6

1 : 0.3 1.57 0.52 20 17 ±  0.8 20 ±  1.2

“ The ±  values are the standard errors of the means (S.E.M.).
2 The critical ratio is the ratio of the difference between two means to the 

standard error of the difference between the means. When the critical ratio is: 
less than 2 .0, the difference between the means is considered to be statistically 
insignificant; 2.0 to 2.9, the difference is of borderline significance; 3.0 or more, 
the difference is highly significant (Dunning, J. M., 1950, J. Dent. Res., S9: 541).

Forty pairs of littermates were selected at weaning and 
fed the two diets. As in the preceding experiment, the 
food intake of each pair of littermates was equalized. At the 
end of the 70-day feeding period, the animals were sacrificed 
and the incisors and molars removed, cleaned and dried. The 
two sets of teeth were ground separately fine enough to pass 
through a 100-mesh sieve. The ground material was dried in 
a vacuum over P20 5. The incisors from 5 animals were pooled 
in order to provide an adequate amount of tooth substance 
for chemical analyses. The same procedure was followed with 
the molars. As there were 40 pairs of animals, this gave 8 
samples of enamel and the same number of dentin. Dentin was 
separated from enamel by the flotation method of Manly and 
Hodge ( ’39) as modified by Gilda ( ’51).
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Analyses of the enamel and dentin were made by the fol
lowing procedures: nitrogen, micro-Kjeldahl; calcium, Sobel, 
Rochenmacher and Kramer ( ’44); phosphorus, Fisk and Sub
bar ow ( ’25); carbon dioxide, Van Slyke and Folch ( ’40) as 
modified by Sobel, Rochenmacher and Kramer ( ’44); mag
nesium, Young and Gill ( ’51). Replicate analyses of aliquots 
from the same sample gave the following degrees of precision 
in terms of per cent: N2 ±  0.02; Ca ±  0.07; P ±  0.07; C02 ±  
0.024; M g  ±  0.005.

RESULTS

Dental caries. The number of carious lesions and the caries 
scores are presented in table 1. The addition of calcium to the 
diet in sufficient amounts to raise the Ca/P ratio from 1: 2 to 
1 :1  resulted in a significant reduction in the number of carious 
lesions and in the caries score. This effect was accentuated 
by an additional increase in the calcium of the diet to give a 
ratio of 1: 0.5. When more calcium was added to give a Ca/P 
ratio of 1 : 0.3 there was no further reduction in the number of 
carious lesions or in the caries score.

Casual inspection of these data would suggest that modifica
tion of the cariogenicity of the diet may have been due to 
changes in its Ca/P ratio. Comparison with data previously 
reported (Wynn, Haldi, Bentley and Law, ’56), however, 
reveal that this was not the case. In the present experiments 
a progressive increase in the Ca/P ratio of the diet up to a 
certain point resulted in a progressive decrease in the number 
of carious lesions and in the caries score, whereas in our 
earlier experiments this relationship was reversed.

In the earlier, as in the later experiments, remarkably close 
quantitative results were obtained when the calcium and phos
phorus content of the diet was the same. In the former, with 
both the calcium and phosphorus in the diet at approximately 
the 0.5% level (Ca/P =  1 :1 ), the number of lesions was 18 
and the average score 27; in the latter, under almost identical 
conditions, these values were 21 and 27, respectively.

It will be noted in comparing the present with the earlier 
experiments that a progressive increase in the calcium or phos
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phorus content of the diet up to a certain point, which may 
be regarded as the optimal level, resulted in a progressive 
decrease in its cariogenicity. It may therefore be concluded 
that the cariogenicity of the diet was related to its actual 
calcium and phosphorus content and not to the Ca/P ratio. It 
is of interest to note that Nizel, Keating, Sundstrom and 
Harris ( ’58) found that the addition of phosphoric acid to a 
cariogenic diet caused a marked reduction in dental caries in 
hamsters.

Tooth composition. The data obtained from analyses of the 
enamel and dentin of the molars and incisors are presented in 
table 2. There were no differences in the composition of 
enamel or dentin of either molars or incisors of rats fed 
diets with Ca/P ratios of 1: 2 or 1: 0.3.

Although the molars were almost completely calcified at the 
initiation of the experiment, it was thought that there might 
possibly have been an ionic exchange between the oral en
vironment and the teeth, a possibility suggested by experi
ments of Armstrong and Barnum ( ’48), Yolker and Sognnaes 
( ’40), Sognnaes, Shaw and Bogoroch ( ’55) and others, work
ing with radioisotopes. Obviously this did not take place, at 
least to the extent that could be detected by the micro- 
analytical procedures that were employed. Modification of the 
cariogenicity of the diet by the addition of calcium could not 
therefore be attributed to any detectable changes in the com
position of the teeth resulting therefrom.

Analyses were made on the incisors to determine whether 
the results of Sobel and Hanok ( ’48, ’58) could be simulated 
under our experimental conditions. These investigators found 
that the composition of the teeth is related to the composition 
of the blood serum which, in turn, is related to the Ca/P ratio 
of the diet. In our experiments it was necessary to take into 
account the possibility that changes in the Ca/P ratio might 
affect the incisors and the molars differently. The first and 
second molars were calcified and erupted when the animals 
were placed on the experimental diets and the third molar 
erupted shortly thereafter, whereas the incisors grew con-
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tinuously. As the incisors are entirely replaced in about 40 
days, the enamel and dentin of these teeth at the conclusion 
of the experiment were formed while the animals were on the 
experimental diets.

The data in table 2 show that there was no significant dif
ference in the composition of either the enamel or the dentin 
of the incisors when the animals were fed diets with the widely 
divergent Ca/P ratios of 1 :2  and 1:0.3. These results con
firm the conclusion drawn from previous experimental data 
(Wynn, Plaldi, Bentley and Law, ’57) that if the hypothesis 
relating the inorganic composition of the incisor teeth to the 
Ca/P ratio of the diet is correct, it is applicable only under 
certain conditions which did not prevail in our experiments. 
The suggestion is offered that the results obtained by Sobel 
and Hanok may have been due to the very low calcium content 
of 0.10% in their low Ca- high P diet and to the phosphorus 
content of only 0.118% in their high Ca- low P diet.

SUMMARY AND CONCLUSIONS

Albino rats were fed synthetic cariogenic diets which dif
fered from one another only in the calcium content which was 
changed by the addition of CaC03 to produce different Ca/P 
ratios. The phosphorus content of the diet was maintained 
at a constant level of 0.5%.

A progressive decrease in the cariogenicity of the diet 
occurred as its Ca/P ratio was increased from 1 :2  to 1 :1  
and 1:0.5. There was no further reduction in cariogenicity 
when more calcium was added to give a Ca/P ratio of 1:0.3.

This modification in the cariogenicity of the diet by chang
ing the Ca/P ratio did not produce any detectable changes 
in the composition of the molars. The composition of the 
incisor teeth which were formed during the feeding period was 
likewise the same on diets with the widely divergent ratios 
of 1: 2.0 and 1: 0.3.

Prom these observations considered along with others pre
viously reported, it is concluded that changes in the cario
genicity of the diet induced by changing the Ca/P ratio in our
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experiments must be attributed to tbe actual calcium and 
phosphorus content of the diet and not to its Ca/P ratio.
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THE EFFECT OF ETHANOL AMINE AND ITS 
V-METHYL DERIVATIVES ON KIDNEY HEMOR

RHAGIC DEGENERATION IN RATS DUE TO 
2-AMIN O-2-METHYL-l-PROPAN OL 1

CHARLOTTE E. OUTLAND, EDWARD H. MEALEY, 
W ILLIAM  J. LONGMORE a n d  DWIGHT J. MULPORD

Department o f Biochemistry, University o f Kansas, Lawrence

(Received for publication October 20, 1958)

Considerable evidence indicating that the V-methyl deriva
tives of ethanolamine prevent the effects of choline deficiency 
in animals has been recorded. It has been shown by duVig- 
neaud, Chandler, Simmonds, Moyer and Cohn ( ’46) that 
dimethylethanolamine is effective in preventing kidney hemor
rhagic degeneration in young rats deficient in choline. Young, 
Lucas, Patterson and Best ( ’57) have demonstrated that 
monomethylethanolamine also prevents kidney lesions in 
young rats on diets deficient in choline. Jukes and Oleson 
( ’45) and Jukes, Oleson and Dornbush ( ’45) have shown that 
both dimethylethanolamine and choline prevent perosis in 
chicks. They found monomethylethanolamine to be effective 
but to a lesser extent. Ethanolamine was found to have no 
effect.

We have studied the effects of ethanolamine and its N- 
methyl derivatives on renal hemorrhagic degeneration in rats 
consuming diets containing 2-amino-2-methyl-l-propanol. 
Wells ( ’55a), using young rats and Mulford and Outland 
( ’57), using adult rats reported that 2-amino-2-methyl-l- 
propanol markedly increases the severity of choline deficiency.

1 This investigation was supported by a research grant (A-219) from the Na
tional Institute o f Arthritis and Metabolic Diseases o f the National Institutes of 
Health, Public Health Service.
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Both laboratories have shown further that betaine, methionine, 
(B-dimethylpropiothetin and casein have essentially no effect 
in overcoming the anticholine action of this drug (Wells, ’55b, 
’56;Mulford, ’55). The present paper shows that monomethyl- 
ethanolamine, dimethylethanolamine and choline protected 
against kidney hemorrhagic degeneration in young rats re
ceiving low choline diets containing 2-amino-2-methyl-l-pro- 
panol while ethanolamine was without effect. The essence of 
these studies has been reported (Outland, Mealey, Longmore 
and Mulford, ’58).

EXPERIMENTAL

Male rats of the Sprague-Dawley strain, 21 days of age 
and weighing between 40 and 50 gm, were placed in raised 
cages, 5 to a cage and fed experimental diets ad libitum for 6 
days. Water was available to the animals at all times. Food 
consumption and body weights were recorded each day. At 
the end of the 6-day period the rats were sacrificed by decap
itation and the kidneys examined for hemorrhages.

Two basal low-choline diets, A and B, were used in these 
experiments. Both diets contained dry brewers’ yeast2 6, 
agar 2, salt mixture 3 4, lard 19.9, fortified fish liver o il4 0.1, 
calcium carbonate 1, and L-cystine 0.3%. Diet A contained 
casein 0 18 and cane sugar 48.7% and diet B contained casein 
42 and cane sugar 24.7%.

2-Amino-2-methyl-l-propanol in diets A and B. The effect 
of the addition of 2-amino-2-methyl-l-propanol (2A2M1P) to 
diets A and B at a level of 5 mg per gram of food is shown 
in table 1. The table shows that when no 2A2M1P was added, 
each animal ate on the average 6 to 7 gm of food per day, 
grew at the rate of 4 gm per day and developed no hemor
rhagic kidneys. When 5 mg of the drug were added to each 
diet per gram of food, 87 to 98% of the animals developed 
kidney lesions. Each ate on the average only 4.2 to 4.9 gm of

2 Anheuser-Busch, Inc., strain G.
3 General Biochemicals, Inc., Salt Mixture XIV.
4 Parke-Davis and Company, Natola.
5 General Bioehemicals, Inc., vitamin-free.
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TABLE 1

T h e  e f f e c t  o f  S -a m in o -S -m eth y l-l -p ro p a n o l (S A S M 1 P ) in  ra ts  con su m in g  
d ie ts  low  in  ch o lin e

D I E T  A N D  
N U M B E R  
O F  R A T S

2A2M 1P
P E R  G R A M  

F O O D

R A T S
W I T H

K I D N E Y
L E S I O N S

A V E R A G E  
W E I G H T  

I N C R E A S E  
P E R  R A T  
P E R  D A Y

A V E R A G E  
F O O D  

I N T A K E  
P E R  R A T  
P E R  D A Y

m g % g m g m

A, 30 0 0 4.1 6.7
B, 30 0 0 3.6 6.0
A, 234 5 87 ( l ) 1 1.9 4.9
B, 184 5 98 (3) 1.2 4.2

‘ Numerals within parentheses represent the number of animals that died.

T h e e f f e c t  o f  e th a n o la m in e  
d ie t  A  o r  B  co n ta in in g  5

TABLE 2

o r  its  N -m e th y l  d e r iv a t iv es  in  ra ts  co n su m in g  e ith e r  
m g o f  S -a m in o -S -m eth y l-l -p ro p a n o l p e r  g ra m  o f  f o o d

S U P P L E M E N T  
P E R  G R A M  

F O O D  1
N U M B E R  
O F  R A T S

R A T S  W I T H  
K I D N E Y  

L E S I O N S

A V E R A G E  
W E I G H T  

I N C R E A S E  
P E R  R A T  
P E R  D A Y

A V E R A G E  
F O O D  

I N T A K E  
P E R  E A T  
P E R  D A Y

X  1 0 ~ 3  m M % g m g m -

Diet. A
5.4 EA 30 83 2.03 5.17
5.4 MME 30 co 2.71 5.33
5.4 DME 31 42 2.44 5.11
5.4 Choline 30 0 3.32 6.01

10.8 EA 30 50 1.70 4.79
10.8 MME D O 3 3.38 5.28
10.8 DME 31 13 2.68 5.72
10 .8  Choline 30 0 3.31 5.70

Diet B
5.4 EA 15 100 1.38 4.06
5.4 MME 15 87 2.37 4.53
5.4 DME 15 100 1.64 4.16
5.4 Choline 15 73 2.06 4.42

10.8 EA 31 100 1 .0 1 4.19
10.8 MME 32 0 2.76 5.15
10.8 DME 30 17 2.48 5.18
10.8 Choline 30 0 3.17 5.68

1 EA =  ethanolamine, MME = monomethylethanolamine, DME == d im ethy l-

ethanolamine.
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food per day and grew at a rate of 1.2 to 1.9 gm per day. 
Some of the animals in this group had ocular hemorrhages and 
a few died.

Effect of addition of either etlianolamine or one of its N- 
methyl derivatives to both diets containing 2-amino-2-methyl- 
1-propanol. The effect of adding ethanolamine or one of its 
M-methyl derivatives to diets A and B containing 5 mg 
2A2M1P per gram of food is shown in table 2. Each supple
ment was fed at levels ranging from 1.8 X 10-3 to 10.8 X 10-3 
mM per gram of food. Table 2 shows the results obtained 
when two levels (5.4 X 10-3 and 10.8 X 10~3 mM per gram) 
were fed.

T A BLE  3

The effect o f higher levels of ethanolamine in rats consuming either diet A or B 
containing 2-amino-2-metliyTl-propanol (2 ASM IP )

D I E T
2A2M1P

P E R  G R A M  
F O O D

E T H A N O L A M I N E  
A D D E D  P E R  
G R A M  F O O D

N U M B E R  
O F  R A T S

R A T S  W I T H  
K I D N E Y  

L E S I O N S

mg X  10~3 mM %

B 5 16 15 100

B 5 49 15 100

A 3 82 15 100

B 3 82 15 80
A 3 164 15 100

While monomethylethanolamine, dimethylethanolamine and 
choline were effective in lowering the incidence of kidney 
lesions due to 2A2M1P, ethanolamine was quite ineffective. 
Ethanolamine was fed at levels higher than 10.8 X 10~3 mM 
per gram of food. Both diets A and B containing either 3 or 
5 mg of 2A2M1P per gram of food were used. Table 3 shows 
that ethanolamine levels up to 164 X 10~3 mM per gram of 
food did not prevent kidney lesions in animals consuming 3 
mg of 2A2M1P per gram of food. The average food intake 
per rat per day was between 3.8 and 4.7 gm and the average 
weight increase per rat per day was between 1.7 and 2.8 gm.

In another series of experiments ethanolamine or one of its 
M-methyl derivatives was administered to rats by one daily
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intraperitoneal injection. 2-Amino-2-methyl-l-propanol was 
fed at a level of 5 mg per gram of food in both diets A and B. 
Table 4 shows that when 54 X 10-3 mM of either monomethyl
ethanolamine, dimethylethanolamine or choline contained in 
0.5 ml of normal saline was injected intraperitoneally, the 
percentage of rats with kidney lesions was markedly reduced. 
When ethanolamine was injected at the same level, the per
centage was the same as that in the saline-injected control 
animals.

T A BLE  4

The effect o f a daily intraperitoneal injection o f 54.0 X 10~3 mM of ethanolamine 
or its N-methyl derivatives in rats receiving 5 mg of S-amino-2-methyl- 

1-propanol per gram o f food

D E R IV A T IV E  
IN J E C T E D  1

N U M B E R  
OF R A T S

R A T S  W IT H  
K ID N E Y  
L E S IO N S

Diet A
%

None 1 5 80
Ethanolamine 15 87
Monomethylethanolamine 15 20
Dimethylethanolamine 15 0
Choline

Diet B

15 0

None 15 100
Ethanolamine 15 100
Monomethylethanolamine 15 40
Dimethylethanolamine 15 0
Choline 15 13

1 Each supplement injected was contained in 0.5 ml of normal saline. The pH 
was approximately 7.0 after adjustment.

In another series of experiments monomethylethanolamine 
and dimethylethanolamine were fed to rats in diet B at a level 
of 10.8 X 10-3 mM per gram of food. 2-Amino-2-methyl- 
1-propanol was administered by one daily intraperitoneal 
injection. Levels of 15, 20 and 25 mg each contained in 0.5 
ml of normal saline were injected. Table 5 shows that while a 
large percentage of control animals had kidney lesions, only 
one animal receiving monomethylethanolamine and none of 
the animals receiving dimethylethanolamine had lesions.
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TABLE 5

The effect o f monomethylethanolamine (M ME) and dimethyletlianolamine (DME) 
in diet B on rats receiving one intraperitoneal injection of 2-amino- 

2-methyl-l-propanol (2A2M1P) daily

2A2M 1P
I N J E C T E D  

D A I L Y  1

S U P P L E M E N T  
P E R  G R A M  

F O O D

N U M B E R  
O F  R A T S

R A T S  W I T H  
K I D N E Y  

L E S I O N S

m g X 1 0 ~ % %
15 0 19 58
15 10.8 MME 18 6
15 10.8 DME 10 0

2 0 0 24 88
2 0 10.8 MME 17 0
2 0 10.8 DME 2 0 0
25 0 24 96
25 10.8 MME 17 0

25 10.8 DME 2 0 0

1 Each level of 2A2M1P injected was contained in 0.5 ml of normal saline. The 
pH was approximately 7.0 after adjustment.

DISCUSSION

The work of several investigators supports the hypothesis 
of Jukes, Dornbush and Oleson ( ’45) that, in the rat, choline 
is synthesized from ethanolamine by three successive steps 
each of which consists of the addition of a methyl group. 
Stetten ( ’41) found choline containing N 13 in rats which had 
been fed N15 ethanolamine. duVigneaud, Chandler, Simmonds, 
Moyer and Cohn ( ’46) showed that dimethylethanolamine was 
effective in preventing kidney hemorrhagic degeneration in 
young rats even though it did not permit growth in the pres
ence of homocysteine. On analysis of the kidney tissue of 
their rats they found that a considerable percentage of the 
methyl groups of choline was derived from dimethylethanol
amine and monomethylethanolamine. Young, Lucas, Patter
son and Best ( ’57) observed that monomethylethanolamine 
prevented the development of kidney lesions and reduced the 
liver fat in rats consuming diets low in both choline and 
methionine.

Evidence obtained on other biological systems gives support 
to the hypothesis that choline is synthesized from ethanol
amine by three successive steps. Badger ( ’44a, b) found that
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ethanolamine could support the growth of a strain of pneumo
coccus in the absence of choline. Another compound support
ing growth was dimethylethanolamine. Horowitz, Bonner and 
Houlahan ( ’45) observed that both monomethylethanolamine 
and dimethylethanolamine were utilized by Neurospora crassa, 
strains 34486 and 47904. Horowitz ( ’46) found that Neuro
spora crassa 34486 could not synthesize monomethylethanol
amine but could use an exogenous supply for choline synthesis, 
while strain 47904 could synthesize monomethylethanolamine 
but was unable to convert it to choline at a normal rate.

Jukes ( ’41) and Jukes, Oleson and Dornbusk ( ’45) have 
shown that while ethanolamine was unable to prevent perosis 
in chicks, monomethylethanolamine and dimethylethanol
amine, as well as choline, were effective. Schaeffer, Salmon 
and Strength ( ’50) observed that dimethylethanolamine was 
a replacement for choline in the prevention of perosis in 
chicks only when the diet contained vitamine B12. Monomethyl
ethanolamine was effective only when vitamine B12 and either 
methionine or betaine were present. Ethanolamine was in
effective under all conditions.

The data presented in this paper suggest that in the rat 
2-amino-2-methvl-l-propanol probably interferes with the 
methvlation of ethanolamine. Since monomethylethanolamine, 
dimethylethanolamine and choline protected against renal 
hemorrhagic degeneration both at high and low levels of 
casein and ethanolamine did not, it would appear that the 
drug prevented the incorporation of the first methyl group 
into ethanolamine. Investigations to ascertain the specific 
action of 2-amino-2-methyl-l-propanol are in progress in this 
laboratory.

SUMMARY

Two low-choline diets, one containing 18% casein (diet A) 
and the other 42% (diet B), were fed to weanling male rats 
for 6 days. None of the animals developed hemorrhagic kid
neys. When 5 mg of 2-amino-2-methyl-l-propanol were added 
to these diets per gram of food, 87 and 98%, respectively, of
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the animals developed hemorrhagic kidneys in 6 days. Some 
of the animals had ocular hemorrhages and some died. The 
addition of monomethylethanolamine, dimethylethanolamine 
and choline markedly reduced the percentage of animals hav
ing kidney lesions. Ethanolamine was quite ineffective at all 
levels studied. When injected intraperitoneally the M-methyl 
derivatives of ethanolamine reduced the incidence of lesions 
in animals consuming both diets containing 5 mg of 2-amino- 
2-methyl-l-propanol per gram of food. Ethanolamine had 
little effect. Both monomethylethanolamine and dimethyl
ethanolamine at a level of 10.8 X 10~3 mM per gram of diet 
B prevented kidney lesions in animals receiving from 15 to 
25 mg of 2-amino-2-methyl-l-propanol by one intraperitoneal 
injection daily for each of 6 days. Most of the saline-injected 
control animals at each level of dosage had lesions.
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