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The results of research on unidentified 
growth factors required by the chick, re
ported after the discovery of vitamin Bi2 
and preceding 1956, have been reviewed by 
Cheldelin and King (’54), Plaut and Betheil 
( ’56) and anonymously ( ’52, ’56). More 
recently Dam et al. ( ’59) presented evi
dence, based on studies with chicks fed a 
purified diet deficient in zinc, of the exist
ence of an unidentified organic growth 
factor in liver extract. This appeared either 
to replace zinc to a great extent, or render 
it more available, as well as promote an 
increased rate of gain. Another organic 
factor, present in a mixture of distiller’s 
dried solubles, dried whey and fish solu
bles, appeared to be only growth-promoting 
in experiments with chicks fed a purified 
diet adequate in zinc. Kratzer et al. ( ’59), 
using turkey poults fed a purified diet, re
ported the presence in soybean oil meal of 
an organic, methanol-soluble growth-pro
moting factor. Wilcox et al. ( ’61) obtained 
increased growth in turkey poults when the 
diets contained a water-soluble extract of 
soybean oil meal. Atkinson and Kratzer 
( ’60) found in studies with chicks fed 
a purified diet that liver extract contains 
a growth-promoting factor, in confirmation 
of previous work. In addition they obtained 
evidence of a factor affecting size of spleen. 
As a consequence of these reports many 
research workers have generally accepted 
the presence in crude materials of at least 
two, and perhaps three, unidentified or
ganic growth factors. Because of lack of 
progress in isolating any of these factors, 
however, and the excellent growth fre
quently observed in chicks fed so-called 
purified diets, some doubt has been cast 
on the existence of unidentified factors, 
and the hypothesis of imbalance of known 
nutrients has been offered as an explana

tion of the variable results obtained in ex
periments on unidentified growth factors.

In further studies of unidentified growth 
factors, however, results have been ob
tained that render this hypothesis invalid, 
because they clearly demonstrate the exist
ence in cows’ milk of an unidentified factor 
that promotes chick growth. This factor 
has been previously designated the whey 
factor by Hill ( ’48) and other research 
workers. In addition the results of these 
studies provide a reasonable explanation 
for the failure in many instances to ob
tain any significant response to the milk 
growth factor (MGF).

E X P E R IM E N T A L

The chicks in experiment 1 were Van- 
tress X Barred Plymouth Rock chicks of 
mixed sex. Arbor Acres Farm day-old, 
male White Plymouth Rock chicks were 
used in all other experiments. Each lot 
contained 15 chicks at the start, with two 
lots being subjected to each treatment. 
The chicks of experiment 1 were housed 
in uncoated Petersime batteries. The 
chicks of all other experiments were 
housed in resin-coated Petersime batter
ies, equipped with resin-coated wire-mesh 
floors and resin-coated water pans and 
feeders. Each chick was identified with 
a numbered wingband, weighed individ
ually at the start and weekly thereafter. 
The duration of each experiment was 4 
weeks. Feed and water were supplied ad 
libitum and feed consumption was re
corded at the time of weighing. A few 
chicks died during the experiments but the 
number was not related to treatment.

The composition of the basal diet is 
given in table 1. All known vitamins,
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T A B L E  1

C om position  o f  basal diet

%
Glucose1 53.1
Isolated soybean protein 28.5
Corn oil2 7.5
Cellulose3 3.0
DL-Methionine 0.75
Glycine 0.35
Mineral mixture4 6.07
Vitamin mixture5 0.78
Butylated hydroxytoluene 0.025

1 C e r e l o s e ,  C o r n  P r o d u c t s  C o m p a n y ,  N e w  Y o r k .
2 M a z o l a ,  C o r n  P r o d u c t s  C o m p a n y ,  N e w  Y o r k .
3 S o l k a - F l o c ,  B r o w n  C o m p a n y ,  B e r l i n ,  N e w  H a m p 

s h i r e .
4 W h e n  i n c l u d e d  i n  t h e  d i e t  a t  a  l e v e l  o f  6 . 0 7 % ,  t h e  

m i n e r a l  m i x t u r e  c o n t r i b u t e d  t h e  f o l l o w i n g  e l e m e n t s  i n  
a m o u n t s  p e r  k g  o f  d i e t :  ( i n  g r a m s )  c a l c i u m ,  1 2 . 0 ;  
p h o s p h o r u s ,  7 . 0 ;  p o t a s s i u m ,  4 . 0 ;  c h l o r i n e ,  3 . 8 6 ;  
s o d i u m ,  2 . 5 ;  a n d  ( i n  m i l l i g r a m s )  m a g n e s i u m ,  5 2 0 . 0 ;  
m a n g a n e s e ,  1 0 0 . 0 ;  z i n c ,  5 0 . 0 ;  i r o n ,  3 0 . 0 ;  c o p p e r ,  4 . 5 ;  
i o d i n e ,  2 . 0 ;  m o l y b d e n u m ,  0 . 5 ;  c o b a l t ,  0 . 2 5 .

s  W h e n  i n c l u d e d  i n  t h e  d i e t  a t  a  l e v e l  o f  0 . 7 8 % ,  t h e  
v i t a m i n  m i x t u r e  c o n t r i b u t e d  t h e  f o l l o w i n g  v i t a m i n s  
i n  a m o u n t s  p e r  k g  o f  d i e t :  ( i n  m i l l i g r a m s )  c h o l i n e - C l ,  
1 , 5 0 0 . 0 ;  i n o s i t o l ,  2 5 0 . 0 ;  n i a c i n ,  5 0 . 0 ;  C a  p a n t o t h e n a t e ,  
2 0 . 0 ;  p y r i d o x i n e - H C l ,  6 . 0 ;  r i b o f l a v i n ,  6 . 0 ;  t h i a m i n e -  
H C 1 ,  4 . 0 ;  f o l i c  a c i d ,  2 . 0 ;  m e n a d i o n e ,  0 . 5 ;  b i o t i n ,  0 . 2 ;  
a - t o c o p h e r y l  a c e t a t e ,  2 0 . 0 ;  a l s o  v i t a m i n  B 12,  2 0 . 0  / ¿ g ;  
v i t a m i n  A ,  5 , 0 0 0  I U ,  v i t a m i n  D 3 ,  4 0 0  I C U  p l u s  5 . 3  g m  
o f  v i t a m i n  A ,  D  a n d  E  d i l u e n t s .

essential amino acids and essential miner
als were provided in the diet at levels in 
excess of the requirements reported by the 
National Research Council ( ’60). The pro
tein content of the diet was 25.2%. The 
isolated soybean protein used in the diet 
was for the most part ADM C-l Assay Pro
tein2 but Promine3 was used in several 
experiments. In experiment 15 isolated 
soybean protein prepared for defatted, un
heated soybean flakes in the pilot plant lab
oratory of Foremost Dairies, Inc.4 was used. 
This experimental protein was extracted 
with ammonium hydroxide at pH9.2, and 
the ammonia driven off the solution 
by heating. After this the pH was low
ered rapidly to pH2 with hydrochloric acid. 
The protein solution was then divided into 
two portions, one of which was treated 
with activated charcoal. The charcoal was 
removed by filtration and the pH of both 
solutions raised to pH4.3, the isoelectric 
point of soybean protein, with calcium hy
droxide. The precipitate was separated by 
centrifugation and tray-dried at low tem
peratures after being heated sufficiently 
to destroy any residual anti-trypsin.

The dried skim milk, dried whey and 
MGF concentrates used in the investigation 
were also prepared in the pilot plant lab

oratory of Foremost Dairies, from fresh 
products obtained locally. The milk was 
found to contain 34.4% of protein, 49.6% 
of lactose hydrate, 7.3% of ash and 5.2% 
of moisture. The several supplies of dried 
whey used in the experiments contained on 
the average, 13.0% of protein, 71.6% of 
lactose hydrate, 8.1% of ash and 4.5% of 
moisture. Milk growth factor concentrate 
C-l, prepared from whey W-l contained 
3.1% of nitrogen, 44.6% of lactose hy
drate, 20.9% of ash and 2.3% of moisture. 
It contained 27.2% of the lactose hydrate 
present in the original whey.

MGF concentrate C-l was prepared by 
heat precipitation of lactalbumin at pH5.2 
to 5.8 and removal by centrifugation, con
centration of the filtrate with the resultant 
precipitation of much of the lactose and 
removal by centrifugation. The final fil
trate was then concentrated and dried. 
Assuming little loss of MGF on the pre
cipitates, the amount of the factor in the 
concentrate was approximately 2.35 times 
that in an equivalent amount of dried 
whey, made from a portion of the original 
supply of liquid whey.

MGF concentrate C-2, made from whey 
W-2, was prepared in much the same man
ner as concentrate C-l except that before 
concentration and drying the final filtrate 
was passed over cation and anion exchange 
resins. This removed some nonprotein 
nitrogen as well as most of the cations 
and anions. The final dried product con
tained 2.8% of nitrogen, 75.2% of lactose 
hydrate, 2.0% of ash and 3.4% of mois
ture. The concentration of MGF in this 
preparation was caculated to be 2.75 times 
that in the original, when dried. It con
tained 26.9% of the lactose hydrate pres
ent in the original whey.

MGF concentrate C-4, made from whey 
W-4, was prepared by removal of lactal
bumin and the greater portion of the min
erals and represent a calculated concen
tration of MGF of 1.2 times that in the 
original whey, when dried. It contained 
0.72% of nitrogen, 90.1% of lactose hy
drate, 5.0% of ash and 1.1% of moisture.

2 A r c h e r - D a n i e l s - M i d l a n d  C o m p a n y ,  C i n c i n n a t i .
3 C e n t r a l  S o y a  C o m p a n y ,  I n c . ,  C h i c a g o .
4 F o r e m o s t  D a i r i e s  C e n t r a l  R e s e a r c h  L a b o r a t o r i e s ,

P e t a l u m a ,  C a l i f o r n i a .
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All the results presented in this report 
were subjected to statistical analysis ac
cording to procedures described by Snede- 
cor ( ’56).

RESULTS AND DISCUSSION

This investigation was initiated by a 
study of fractions of milk, prepared in the 
pilot plant laboratory of Foremost Dairies 
from the same supply of liquid whey. The 
fractions were lactalbumin, lactose hy
drate, and the concentrated and dried fil
trate (MGF concentrate) remaining after 
removal of these precipitates. The results 
of this experiment are presented in table 2. 
In this experiment significant responses 
over the basal group (P < 0.01) were ob
tained when those groups of chicks were 
fed dried whey or MGF concentrate or com
binations of MGF concentrate with either 
lactose hydrate or lactalbumin or both these 
substances. The responses to lactose hy
drate, lactalbumin and lactose hydrate plus 
lactalbumin were not significant. The MGF 
concentrate fed in the experiment provided 
0.95% of lactose hydrate. The results of 
the experiment indicated, therefore, that 
the MGF concentrate contained an un
identified nutrient, not present in appreci
able quantities in the lactalbumin or lac
tose hydrate fractions, which promoted 
chick growth.

Studies of unidentified growth factors 
using the chick as the experimental sub
ject have been complicated by the ex
tremely variable responses obtained in re
peated experiments. This proved to be the 
major difficulty in continuing the investi

gation of MGF. The response of chicks to 
this factor varied in 29 studies of dried 
whey and other milk fractions from 2.2 to 
25.3% with a mean response of 11.6%. 
The responses were all positive and statis
tically highly significant (P < 0.0005). The 
differences in gains between experiments 
were equally significant. No interaction 
between diets and experiments was found 
to exist.

The average maximal weight attained 
by all of the Arbor Acre chicks fed the 
basal diet supplemented with 5% of dried 
whey was 568 gm and that attained by the 
chicks fed MGF concentrate, equivalent to 
5% of dried whey, was 573 gm. The aver
age maximal weight of all groups was 571 
gm. When the average weight of chicks fed 
the unsupplemented basal diet approached 
that of chicks supplied with MGF, the 
chicks obviously received very nearly ade
quate supplies of this factor from sources 
other than dried whey and MGF concen
trates. This is illustrated by figure 1 in 
which is plotted the regression of the per
centage gain in weight of the chicks, sup
plied MGF preparations, on the weight in 
grams of chicks fed the unsupplemented 
basal diet. The values in experiment 1, 
using Vantress X  Barred Plymouth Rock 
chicks, have been adjusted so that they 
are equivalent to weights attained by the 
groups in which Arbor Acre chicks were 
used. The regression is linear and the 
percentage gain in weight is inversely cor
related with the weight of the chicks fed 
the unsupplemented basal diet. The in-

T A B L E  2

R esu lts sh ow in g relative m ilk  grozvth factor (M G F ) con ten t o f  equivalent am ounts o f  ivh ey and w h e y
fractions (exp . 1)

Treatment Av. weight 
at 4 weeks

Gain
over
basal

Feed/'
gain

gm %
Basal diet 362 — 1.84

-f- dried whey W -l, 5% 441 24.6 1.57
-f  lactalbumin, 0.36% 380 5.6 1.84
-f-lactose hydrate, 2.73% 389 8.4 1.73
4- MGF concentrate C-l, 2.12%* 444 25.5 1.51
-(-lactalbumin, 0 .36% , and lactose hydrate, 2.73% 388 8.1 1.87
-(-lactalbumin, 0 .36% , and MGF concentrate, 2.12% 434 22.4 1.56
+ lactose hydrate, 2 .73% , and MGF concentrate, 2.12%  
-(-lactose hydrate, 2 .73% , lactalbumin, 0.36% ,

446 26.2 1.66
and MGF concentrate, 2.12% 461 30.8 1.56

1 M G F  c o n c e n t r a t e  C - l ,  p r e p a r e d  f r o m  w h e y  W - l ,  s u p p l i e d  0 . 9 5 %  l a c t o s e  h y d r a t e .
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Fig. 1 Regression of percentage gain of chicks on the average weight of the lots fed the basal diet.

verse correlation between these values was 
excellent (r =  0.90).

Some evidence of seasonal effect on re
sponse to MGF was observed in this work. 
In 5 experiments conducted during the 
period April to August, 1960, the response 
range varied from 2.2 to 8.0% ; and in the 
period, September to March, it varied from
4.2 to 25.2%. However, with one excep
tion the poor responses during this period 
were obtained with Promine in two experi
ments conducted in February, 1960, and 
January, 1961. The average of the re
sponses was 7.35% . In contrast, the aver
age response in these experiments with 
ADM assay protein was 15.0% . The differ
ence in the response obtained with these 
types of isolated soybean protein was sig
nificant (P < 0.05).

The variability of isolated soybean pro
tein in amount of the milk growth factor 
was revealed in a third experiment in 
which ADM assay protein and Promine

were compared with laboratory-prepared, 
isolated protein. The results of this experi
ment are presented in table 3. The re
sponses obtained with the two laboratory- 
prepared proteins were approximately the 
same and averaged 12.6% , whereas the re
sponses obtained with ADM assay protein 
and Promine were 4.9 and 5.4%, respec
tively. The difference in the responses ob
tained with the laboratory-prepared pro
teins and the commercial ones was highly 
significant (P < 0.01). The procedure for 
making the laboratory-prepared isolated 
soybean protein used in this experiment is 
the only reasonably successful one devel
oped in attempts to produce isolated soy
bean protein that is more nearly free of 
MGF. The results of these attempts, how
ever, indicated that MGF is heat-stable, 
resistant to oxidation and not efficiently 
adsorbed by activated charcoal in solu
tions of soybean protein at pH2, pH6 and 
pH9.0 to 9.2.
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TABLE 3
R esults sh ow in g d ifference in gain obtained w ith  dried w h e y  using com m ercia l and laboratory-pre

pared isolated soybea n  protein  in the basal diet (exp . 15)

Treatment Av. weight 
at 4 weeks

Gain
over

basal
Feed/
gain

gm %
Basal diet, ADM C-l Assay Protein1 554 — 1.54

+  dried whey W-5, 5% 579 4.9 1.54

Basal diet, Promine2 protein 554 — 1.53
+  dried whey W-5, 5 % 581 5.4 1.57

Basal diet, laboratory-isolated protein 513 — 1.54
+  dried whey W-5, 5% 576 13.3 1.49

Basal diet, laboratory-isolated protein, charcoal-treated 517 — 1.53
+  dried whey W-5, 5 % 573 11.8 1.50

1 ADM C-l Assay Protein, Archer-Daniels-Midland Company, Cincinnati.
2 Central Soya Company, Inc., Chicago.

The type of carbohydrate used in the 
basal diet was found to affect the rate of 
gain in one of two experiments in which 
sucrose was compared with glucose mono
hydrate. In the first experiment the re
sponse to dried whey with sucrose as the 
carbohyrate was 5.6% and with anhydrous 
glucose, 2.2% . This difference in response 
was obviously of no significance. The re
sults of the second experiment are given 
in table 4. In this experiment the response 
to dried whey with anhydrous glucose was 
15.6% and that with sucrose 8.7%. This 
difference proved to be highly significant 
(P <  0.01). Better responses were also ob
tained with sucrose and MGF than with 
glucose and this factor, indicating either 
that an insufficient amount of the factor 
was supplied in the experiment or that 
the supply of sucrose used in this experi
ment contained an unidentified growth- 
promoting factor not identical with MGF.

The variable response to MGF, demon
strated in figure 1, may therefore be due 
to both a seasonal effect and variation in 
the amount of the factor in the ingredients 
of diet, particularly the isolated soybean 
protein.

The more striking results obtained with 
5% of dried whey and MGF concentrates 
equivalent to 5% of dried whey are pre
sented in table 5. These results were ob
tained in the period from September to 
March. The average gain in weight pro
moted by dried whey was 18.4% and 
that obtained with MGF concentrate was 
19.0%. The increased gain promoted by 
these milk fractions in all experiments 
was highly significant (P < 0.0005).

Because of the failure to obtain a signifi
cant response with lactose hydrate in ex
periment 1, studies were undertaken to 
determine whether reagent grade lactose 
hydrate was free of the factor. Therefore

TABLE 4
R esu lts sh ow in g reduction in  gain obtained w ith  dried w h e y  and an equivalent a m ou n t o f  

m ilk grow th  factor con centrate b y  replacing glu cose w ith  sucrose in  the basal diet

Treatment Av. weight 
at 4 weeks

Gain
over
basal

Feed/
gain

gm %
Promine basal diet, glucose 483 — 1.65

+  dried whey W-4, 5% 551 15.1 1.61
+  MGF concentrate C-4, 4.2%  1 554 16.0 1.54

Promine basal diet, sucrose 529 — 1.52
+  dried whey W-4, 5% 572 8.8 1.51
-fMGF concentrate C-4, 4.2% 572 8.8 1.51

i MGF concentrate C-4 was prepared from whey W-4.
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TABLE 5
R esults show ing com parative m ilk  grow th  factor (M G F ) con ten t o f  equivalent am ou n ts of

w h e y  and M G F  concentrate

Exp.
no.

Av. weight at 4 weeks Gain over basal

Basal
diet

Plus 5% 
dried whey

Plus
equivalent 

MGF concn.
Whey MGF

concn.

gm gm gm % %
i 362 441 (W - l  ) 444 ( C - l ) 1 24.6 25.5
2 458 — 541 ( C - l ) — 19.6
4a 5052 5 9 0 ( W -l  ) 60 0 (C -1  ) ' 18.2 20.5
4b 5052 566 (W -2 ) 591 ( C -2 )1 13.1 18.6
5 467 5 7 3 ( W -3 ) — 24.9 —

11 483 551 (W -4 ) 5 5 4 (0 - 4 ) ' 15.1 16.0
14 515 579 (W -5 ) 5 7 9 (C -4 ) 14.6 13.7

Av. 471 550 551 18.4 19.0

1 MGF
2 Basal

concentrate C-l was 
groups were comm on

prepared from  W -l, C-2 from  W-2 
to experiments 4a and 4b.

TABLE 6

and C-4 from  W-4.

R esults o f  exp erim en ts  on  m ilk  grow th  factor (M G F ) e ffec t o f  lactose hydrate ’

Av. weight at 4 weeks
Exp.
no.

r. -*■ '
Gain over basal

Basal
diet

Plus 5% 
dried whey

Plus
equivalent

lactose
Whey Lactose

gm gm gm % %
3 553 601 592 9.4 7.5
5 467 573 574 24.9 25.1
7 564 575 564 2.2 - 0 . 8

13 506 561 545 11.9 8.4
Av. 523 578 569 12.1 10.1

1 Baker Analyzed Reagent Lactose Hydrate, Baker Chemical Company, Phillipsburg, New Jersey.

analyzed reagent grade5 lactose was stud
ied. The reported analysis of this lac
tose (in per cent) was: insoluble matter, 
0.003; residue after ignition, 0.03; dextrin, 
0.0005; starch, 0.0005; sucrose, 0.01; glu
cose, 0.05; heavy metals as lead, 0.0003; 
and iron, 0.0003. The results of 4 experi
ments are given in table 6. The quantity 
of lactose added to the basal diet was 
3.5% . This was approximately equivalent 
to the amount of lactose in 5% of dried 
whey. Contrary to expectations, reagent 
grade lactose hydrate promoted an average 
gain of 10.1% whereas that obtained with 
dried whey was 12.1%. The improved 
growth obtained with lactose hydrate and 
dried whey was highly significant (P < 
0.005) but the difference in gains obtained 
with these products was not significant.

The response obtained with reagent 
grade lactose hydrate does not appear, 
however, to be due to lactose per se. In 
experiment 1, 2.73% of lactose hydrate

failed to promote a significant gain in 
weight over the basal group whereas the 
MGF concentrate C-l which provided 
0.95% lactose hydrate resulted in a highly 
significant response.

In another experiment in which MGF 
concentrate C-2 was fed, 0.91% of the 
dried material promoted a final average 
weight of 582 gm. This was slightly greater 
than the final average maximal weight of 
all groups in the investigation receiving 
adequate amounts of dried whey or MGF 
concentrate, and represented an increased 
gain of 16.6% over the basal group. The re
sponse was highly significant (P < 0.005). 
The quantity of lactose hydrate supplied 
by the MGF concentrate was 0.68% .

In two experiments in which graded 
levels of dried whey were fed, the average 
responses to 2.0, 3.5, and 5.0% of dried 
whey were 10.6, 12.9, and 17.2, respec-

5 Baker Analyzed Reagent Grade Lactose, Baker 
Chemical Company, Phillipsburg, New Jersey.
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tively. The average maximal response in 
both experiments was 582 gm. This was 
obtained only when 5% of dried whey 
which supplied approximately 3.5% of 
lactose hydrate was included in the basal 
diet. These observations on the effective
ness of different levels of lactose supplied 
in the concentrates provide further evi
dence that lactose hydrate per se is not 
MGF. But it seems highly probable that 
under certain conditions of lactose pre
cipitation, MGF is either adsorbed on the 
surface of lactose hydrate crystals or oc
cluded in them during crystal formation, 
or both. An experiment was conducted to 
determine the chick response to MGF in 
dried skim milk by feeding three levels of 
dried skim milk and equivalent levels of 
dried whey. The results of this experiment 
are presented in table 7. The greatest re
sponse was obtained with 11.01% of dried 
skim milk (P <  0.025), while the greatest 
response to dried whey was obtained at an 
equivalent level (8% ) although this was 
statistically less significant (P < 0.10).

MGF is water-soluble, reasonably heat- 
stable, not efficiently adsorbed by activated 
charcoal and not adsorbed by cation and 
anion exchange resins during deminerali
zation of MGF solutions by a procedure in 
which considerable quantities of nonpro
tein nitrogen are removed. It does not 
appear to be identical with any known 
nutrient. Identity with known B-group vita
mins is ruled out by the results of 4 experi
ments in which the quantity of these vita
mins in the diet was doubled. No improve
ment in gain was obtained by increasing 
B-group vitamins, but the increased gain 
of 7.4% obtained with 5% of dried whey 
was highly significant (P < 0.01).

Identity of MGF with any of the minerals 
present in whey also appears to be ruled 
out. MGF concentrate C-2, which pro
moted a highly significant increased gain 
when fed at a level of 0.91%, contained 
2.0% minerals. The quantity of minerals 
furnished by the concentrate was thus 
only 0.0182%. The reagent grade lactose 
studied in the investigation contained 
0.03% of nonignitable material. At the 
level of 3.5% of lactose included in the 
basal diet, this quantity provided 0.00105% 
of mineral matter. Moreover, in an experi
ment in which whey ash, prepared in a 
manner that minimized loss of minerals 
subject to sublimation, was fed at a level 
equivalent to 5% of dried whey, no in
crease in gain was obtained with the ash. 
In contrast, 5% of dried whey promoted 
an increased gain over the basal of 9.5% 
(P <  0.20).

Finally, identity of MGF with any essen
tial amino acid appears highly improbable, 
since in the experiment in which 0.91% 
of MGF concentrate C-2 promoted a signifi
cant response over the basal group of 
16.6%, the amount of protein supplied 
(mostly nonprotein nitrogen) was only 
0.18%. The possibility that this quantity 
of added dietary protein would be biologi
cally measurable is extremely remote. Hill 
( ’48) concluded from a series of experi
ments that the factor contained in dried 
whey is also present in variable amounts 
in soybean oil meal. He demonstrated 
that dried whey was effective in promoting 
growth in chicks, but the response varied 
with the sample of soybean oil meal used 
in the diet. The present work supports the 
findings of Hill, and indicates that isolated

TABLE 7
R esu lts show ing difference in  gain obtained w ith  dried skim  m ilk  and equ ivalen t

am ounts o f  dried w h e y

Treatment Av. weight 
at 4 weeks

Gain
over
basal

Feed/
gain

gm %
Promine basal 568 — 1.51

+  dried skim milk, 2.75% 572 0.9 1.59
+  dried skim milk, 6.88% 576 1.5 1.55
+  dried skim milk, 11.01% 616 9.2 1.53
+  dried whey W-5, 2% 581 2.6 1.53
+  dried whey W-5, 5% 593 4.7 1.56
+  dried whey W-5, 8% 599 6.0 1.58
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soybean protein also influences the chick’s 
response to dried whey.

SUMMARY
Repeated studies have been made of 

an unidentified growth factor in milk prod
ucts (MGF), using the chick as the experi
mental subject. The factor increased rate 
of gain significantly (P <  0.0005), but the 
response during the investigation varied 
from 2.2 to 25.3% with a mean response 
of 11.6%. In the initial experiment, lac- 
talbumin, lactose hydrate and a combina
tion of these substances promoted a slight 
response, whereas a marked response was 
obtained from dried whey and MGF con
centrate prepared from the same batch of 
liquid whey. The variable response ap
peared to be caused in part by seasonal 
conditions and in part to the presence of 
variable quantities of the factor in the 
soybean protein used in the basal diet. 
The results of two experiments indicated 
that at times the carbohydrate used in 
the basal diet influenced the response of 
the chicks. Dried skim milk was as effec
tive in improving growth as an equivalent 
level of dried whey.

No improvement in gain was obtained by 
doubling the quantity of B-group vitamins 
in the basal diet or by supplementing the 
diet with ash of dried whey prepared in a 
maimer to minimize loss of minerals by 
sublimation. The character of the basal 
diet and the limited amount of protein 
(mostly nonprotern nitrogen expressed as 
protein) added by the MGF concentrates 
ruled out the possibility of amino acid de
ficiency. Contrary to expectations, ana
lyzed reagent grade lactose hydrate was 
found to promote increased chick gain sig
nificantly but the evidence indicated this 
was not due to lactose per se. MGF is 
water-soluble, heat-stable, resistant to oxi
dation, not efficiently adsorbed by activated 
charcoal, and not adsorbed by cation and

anion exchange resins during the removal 
of basic and acidic groups from liquid 
whey.
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Protein Synthesis in Vitamin B6 Deficiency in the Rat* 1
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In vitamin Be deficiency in the rat there 
is an excess production of urea (Hawkins 
et al., ’46; Caldwell and McHenry, ’53; 
Hawkins et al., ’59). This vitamin is the 
precursor of a coenzyme that functions in 
several systems involving the nonoxidative 
metabolism of amino acids. When these 
systems are impaired there may therefore 
be an increased oxidation of amino acids. 
This could account for the increased pro
duction of urea. It is also possible that 
anabolic processes in protein metabolism 
are impaired. The experiment described 
in this paper was an investigation of that 
possibility.

Since the liver is particularly active in 
the production of protein, it seemed an ap
propriate organ to study for this purpose. 
The protein content of the liver was meas
ured in rats showing impairment of 
growth from deprivation of vitamin Be. 
This was done before and after a short 
period of rapid protein repletion following 
the withdrawal of protein from the diet. 
The same studies were made on the pro
tein of blood plasma.

E X P E R IM E N T A L  PROCED URE

The percentage composition of the diets 
was as follows: vitamin-test casein, 0, 16, 
and 40, with corresponding amounts of 
sucrose at 85, 69, and 45; cellulose flour, 
4; corn oil, 7; salt mixture (Wesson, ’32),
4. Vitamins were added to the diets and 
given to the rats by injection in the man
ner and amounts described in a previous 
paper (Hawkins et al., ’59).

Young rats of both sexes, and with an 
average individual body weight of 87 gm 
were arranged into three groups, also as 
previously described (Hawkins et al., ’59): 
those in groups A and B were given vita
min Br„ and those in group C were not. 
The last group showed varying degrees of 
anorexia during the course of the experi

ment, and impaired growth when com
pared with the animals of group A, which 
were maintained with the same amount 
of food. The animals of group B were 
given smaller amounts of food, to keep 
their weights similar to those of group C. 
All were maintained individually in screen- 
bottom cages. Water was supplied ad 
libitum.

The rats were fed the diet containing 
16% of protein for 65 days, at which time 
the mean body weight of those in group A 
had increased by 112%, and of those in 
the other two groups by 64%. At this 
stage about one-third of the animals in 
each group were killed. The rest were de
prived of dietary protein for 25 days, then 
half of them were killed. Those that re
mained were killed after a repletion period 
of three days on the diet containing 40% 
of protein. Animals were killed with pen
tobarbital and ether.

Samples of blood were taken from the 
hearts, oxalated, and the plasma sepa
rated. Livers were removed and weighed. 
The liver was homogenized with 10% tri
chloroacetic acid solution, in proportions 
of about one to 10, and the nitrogen con
tent of the whole homogenate and of its 
filtrate determined by a micro-Kjeldahl 
procedure. The difference between the 
two values was taken as protein nitrogen. 
The protein in blood plasma was deter
mined by a biuret method (Gornall et al., 
’49), and the nonprotein nitrogen by nes- 
slerization of digested tungstic acid fil
trate.

RESULTS

The results are shown in table 1.
The level of protein in the blood plasma 

was not affected by the vitamin Be defi
ciency. The nonprotein nitrogen showed 
a tendency toward higher values, which

R e c e i v e d  f o r  p u b l i c a t i o n  O c t o b e r  2 3 ,  1 9 6 1 .
1 I s s u e d  a s  N a t i o n a l  R e s e a r c h  C o u n c i l  n o .  6 7 5 4 .

J .  N u t r it io n , 7 6 ;  ’ 6 2 231
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T A B L E  1

N itrogen in  the liver and the blood plasm a o f rats w ith , or deprived o f, vitam in Be, and the effect o f
protein depletion and repletion1

Group2
After fed 

a diet with 
16% protein 
for 65 days

After 25 days 
without 
protein

After fed 
a diet with 

40% protein 
for 3 days

L iver, %  o f  bod y  w eight A 2 .8 — 3.7 3 .2— 4.8 3 .3— 4.8
3.2 ± 0 .2 5 3.9 ± 0 .4 8 4 .0 ± 0 .3 8

(2 2 ) (2 2 ) (2 2 )

B 2 .5 — 3.8 3 .2— 5.8 3 .0— 4.8
2.9 ± 0 .2 4 3.9 ± 0 .6 7 3.9 ± 0 .4 2

(2 1 ) (2 0 ) (2 2 )

C 2 .3— 6.8 2 .6— 5.2 3 .2— 4.8
3.4 ± 0 .7 0 3 .6 ±  0.54 3.9 ±  0.40

(2 2 ) (2 1 ) (2 0 )

P rotein  N , g m /1 0 0  gm A 2 .9 6— 3.91 1.54— 2.43 2 .7 1— 3.90
3.35 ± 0 .2 3 1.99 ± 0 .2 3 3.24 ±  0.22

(2 2 ) (2 2 ) (2 3 )

B 2 .3 5— 4.49 1.23— 2.91 3 .0 3— 4.66
3.39 ± 0 .3 7 2.17 ± 0 .5 1 3 .4 7 ±  0.31

(2 1 ) (2 1 ) (2 2 )

C 1.93— 5.10 1.92— 3.02 2 .1 7— 4.03
3 .1 2 ±  0.58 2.33 ± 0 .3 0 3.30 ±  0.37

(2 1 ) (2 2 ) (2 0 )

N on p rotein  N , m g /1 0 0  gm A 155— 199 122— 212 163— 282
184 ±  11.5 154 ± 1 6 .6 210 ±  22.2

(2 2 ) (2 2 ) (2 3 )

B 177— 368 134— 197 191— 347
2 2 7 ±  18.5 163 ± 1 4 .6 219 ± 2 8 .8

(2 1 ) (2 1 ) (2 1 )
C 139— 192 134— 218 138— 242

177 ±  12.8 158 ± 1 4 .3 200 ± 2 0 .9
(2 2 ) (2 2 ) (2 0 )

P lasm a protein , g m /1 0 0  m l A 5.5— 6.6 3 .2— 5.2 5.2— 6.9
6.1 ± 0 .2 0 4.4 ± 0 .4 7 6.0 +  0.33

(2 1 ) (1 9 ) (2 2 )
B 5.4— 6.9 3 .4— 5.6 5.5— 6.9

6.1 ± 0 .2 9 4.4 ± 0 .6 4 5.9 ±  0.30
(2 0 ) (1 8 ) (2 0 )

C 5 .2— 6.9 3 .4— 5.3 5 .0— 6.5
6.1 ± 0 .3 3 4 .4  ± 0 .3 6 5.7 +  0 .29

(1 9 ) (2 1 ) (2 0 )
N onprotein  N , m g /1 0 0  m l A 19— 31 14— 62 2 0 — 60

24 ± 3 .6 23 ± 8 .8 40 +  9.7
(2 1 ) (1 9 ) (2 1 )

B 2 0 — 39 2 1 — 34 2 4 — 71
27  ±  3.8 25 ± 3 .0 41 +  10.0(2 0 ) (1 8 ) (2 0 )

C 15— 45 15— 94 2 9 — 64
28 ±  8.1 3 0 ±  13.6 45 +  6.3

(1 9 ) (2 0 ) (2 0 )

m  p a r e n t h e s e s .
B ,  a n i m a l s  f e d  l e s s  f o o d

2 A  i n d i c a t e s  a n i m a l s  f e d  t h e  s a m e  a m o u n t  o f  f o o d  a s  t h o s e  d e p r i v e d  o f  v i t a m i n  B  
t o  m a i n t a i n  t h e i r  b o d y  w e i g h t s  t h e  s a m e  a s  t h o s e  d e p r i v e d  o f  v i t a m i n  B s - C  a n i m a l s  d e n r l „ " ¿ d ' L i  “ 7 ; » ‘ X T '- 
T h e  o n l y  s i g n i f i c a n t  d i f f e r e n c e  a m o n g  A ,  B ,  a n d  C  w a s  t h e  h i g h e r  v a l u e  f o r  n o n m S e i n  n h r n v e n  f o  X  T *  B<7  
t h e  r a t s  i n  g r o u p  B  a t  t h e  e n d  o f  t h e  p e r i o d  w h e n  f e d  t h e  d i e t  w i t h  16% of  p r o t e i n  Tn l«er o f
b e t w e e n  B  a n d  A  o r  C  w a s  <  0 . 0 1 .  P r o t e i n .  I n  t h a t  c a s e  t h e  P  v a l u e
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usually occur in this deficiency, and this 
tendency persisted throughout the periods 
of protein depletion and repletion, al
though the differences were never statis
tically significant.

The liver tended to be larger and its 
protein concentration lower in the vitamin 
deficiency, but they were not significantly 
so, and the differences were not main
tained throughout depletion and reple
tion. The high nonprotein nitrogen in the 
livers of the inanition control animals 
(group B) probably was a reflection of the 
utilization of more amino acids for energy 
production.

In the vitamin Bs-deficient rats there 
was no impairment of the capacity for 
rapid regeneration of the proteins of liver 
and blood plasma.

DISCUSSION

Beaton et al. ( ’53), Ross and Pike ( ’56), 
and Guggenheim and Diamant ( ’59) ob
served significantly enlarged livers in rats 
fed deoxypyridoxine. Ross and Pike ( ’56) 
obtained their information on animals 
that had just produced young. They also 
observed at term, in vitamin B,¡-deficient 
rats without deoxypyridoxine, an enlarge
ment of the liver comparable in extent to 
that shown in our experiment. In all of 
these experiments when deoxypyridoxine 
was fed, however, the difference in liver 
weight relative to body weight was con
siderable. Guggenheim and Diamant ( ’59) 
used two sets of control animals, as we 
did, and it is important to have the inani
tion (group B) controls. The experiment 
of these workers differed from ours in one 
important respect that was related to the 
use of deoxypyridoxine: the animals that 
received it lost weight much more rapidly 
than ours did from simple deprivation of 
the vitamin. The food intake of their in
anition controls must have been severely 
restricted, and among them the livers were 
the largest, which is an important differ
ence from our results. As there are com
plicating factors, hepatomegaly in vitamin 
Bb deficiency in the rat has not been 
clearly established, as it has in the case of 
riboflavin deficiency (Guggenheim and 
Diamant, ’59; Mookerjea and Hawkins, 
’60).

Among the functions of the vitamin B6 
coenzyme in amino acid metabolism is its 
participation in transamination (Schlenk 
and Snell, ’45; Schlenk and Fisher, ’45). 
A possible role of transamination in pro
tein synthesis has often been considered 
and discussed (see Linderstrpm-Lang, ’39), 
but experimental evidence for it is not 
strong. Transaminase activity is high in 
germinating seeds (Albaum and Cohen, 
’43; Smith and Williams, ’51), but gen
erally it is low in rapidly growing or regen
erating mammalian tissue (Cohen and 
Hekhuis, ’41; Bartlett and Glynn, ’50a, b). 
It is reasonable to suppose that in our ex
periment transamination was impaired in 
the livers of the vitamin Bs-deficient rats; 
but there was no impairment of the capac
ity to regenerate protein in that organ. 
Beaton et al. ( ’53) observed that regenera
tive capacity was not impaired in partially 
hepatectomized rats given deoxypyridox
ine. All of this adds to the evidence that 
transamination is not important for pro
tein synthesis in the rat.

The most noteworthy result of our ex
periment was the demonstration that in 
vitamin B6 deficiency in the rat the capac
ity to synthesize some of the metabolically 
most important proteins of the body was 
not impaired. This supports the concept 
that under those conditions an increased 
catabolism of amino acids reflects a defect 
in their nonoxidative metabolism and not 
in anabolic processes.

SU M M ARY

Young rats were divided into three 
groups of the same average body weight. 
Those of one group were deprived of vita
min B6. The other two groups served as 
controls. The animals of one control 
group were fed the same amount of food 
as those deprived of the vitamin. Those 
of the other were maintained at the same 
rate of growth as the vitamin-deprived ani
mals by restriction of their food intake.

After 65 days, when growth had been 
significantly impaired by the vitamin de
ficiency, the protein content of the diet of 
all animals was adjusted to subject them 
to successive periods of protein depletion 
and repletion. At each stage of this regi
men the protein and nonprotein nitrogen 
of the liver and blood plasma were deter
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mined on animals from each of the three 
groups.

Vitamin B0 deficiency was not associ
ated at any stage with significant differ
ences among the three groups in the size 
of the liver, or the concentration of pro
tein in it or in the blood plasma. There 
was apparently no impairment of the 
anabolic processes involved in the syn
thesis of these proteins.
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IV. FURTHER OBSERVATIONS ON THE GASTROINTESTINAL 
CONTENTS OF RATS FED DIFFERENT DIETARY PROTEINS* 1

M-L. CHEN,2 Q. R. ROGERS3 a n d  A. E. HARPER3 
D ep a rtm en t o f  B ioch em istry , U n iversity o f  W iscon sin , 
M a d ison , W isc on sin

Rogers et al. ( ’60) observed that the 
amount of nitrogen in the contents of the 
small intestine of rats one to three hours 
after they had eaten a single meal was 
greater if the meal contained gelatin or 
zein, than if it contained casein as the 
dietary protein. Since the greater accumu
lation of nitrogen after feeding gelatin or 
zein was thought to result from a slow 
rate of cleavage of some of the peptide 
bonds of these proteins, intestinal contents 
from rats fed gelatin, zein or an amino 
acid mixture were fractionated and the 
distribution of nitrogen among the various 
fractions was determined. As described 
below, the distribution was observed to be 
different for each of the proteins tested.

E X P E R IM E N T A L

Male albino rats weighing approxi
mately 200 gm were trained to consume 
their daily ration in a single two-hour 
interval in a manner similar to that de
scribed by Peraino et al. ( ’59).

Five test diets were used. Four of them 
contained protein or amino acids,4 22% ; 
corn oil, 5% ; salts, 5% ; and “dextrin” 
(moist starch heated in an autoclave at 
121° for two to three hours, then dried 
and ground), 68%. The proteins used 
were casein,5 zein,6 and gelatin.7 The fifth 
diet ( “nitrogen-free” ) contained corn oil, 
5% ; salts, 5% ; and “dextrin,” 90%, but 
no protein or amino acids. Vitamins were 
not included in the diets for these short 
(three-hour) experiments.

For each experiment, a large number 
of trained rats were fed a single 5-gm 
test meal in a 30-minute interval, then 
groups of 5 or 6 rats were killed by chloro
form anesthesia at zero time (immediately 
at the end of the feeding period) and one
J .  N u t r i t i o n , 7 6 :  ’ 6 2

and three hours later. The stomachs and 
the small intestines were ligated and then 
removed. The wet weight and moisture 
content of the stomach contents were de
termined as described previously (Harper 
and Spivey, ’58), as also were the dry 
weight and nitrogen content (Peraino 
et al., ’59).

The intestinal contents were rinsed out 
with water and diluted to 50 ml. The 
insoluble residue was separated by slow- 
speed (650 X g  for 15 minutes) centrifu
gation. The soluble proteins were precipi
tated from an aliquot of the supernatant 
solution by adding 20% trichloroacetic 
acid (TCA) solution to make the final 
TCA concentration 5%, and heating the 
resulting mixture in a boiling water bath 
until a precipitate formed. The amount 
of nitrogen in each of the insoluble resi
dues and supernatant fractions was de
termined by a semimicro Kjeldahl method 
using mercuric oxide as the catalyst.

In the final experiment groups of rats 
were fed each of the 5 diets and 3 to 5 
rats from each group were killed one hour

R e c e i v e d  f o r  p u b l i c a t i o n  O c t o b e r  1 9 ,  1 9 6 1 .
1 P u b l i s h e d  w i t h  t h e  a p p r o v a l  o f  t h e  D i r e c t o r  o f  t h e  

W i s c o n s i n  A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n .  S u p p o r t e d  
i n  p a r t  b y  g r a n t s  f r o m  t h e  N a t i o n a l  L i v e  S t o c k  a n d  
M e a t  B o a r d ,  C h i c a g o ,  I l l i n o i s ,  a n d  C a m p b e l l  S o u p  
C o m p a n y ,  C a m d e n ,  N e w  J e r s e y .  S o m e  o f  t h e  c r y s t a l 
l i n e  v i t a m i n s  w e r e  k i n d l y  p r o v i d e d  b y  M e r c k  S h a r p  
a n d  D o h m e  R e s e a r c h  L a b o r a t o r i e s ,  R a h w a y ,  N e w  
J e r s e y .

2 F e l l o w  o f  t h e  W i l l i a m s - W a t e r m a n  F u n d ,  R e s e a r c h  
C o r p o r a t i o n ,  N e w  Y o r k .

3 P r e s e n t  a d d r e s s :  D e p a r t m e n t  o f  N u t r i t i o n ,  F o o d  
S c i e n c e  a n d  T e c h n o l o g y ,  M a s s a c h u s e t t s  I n s t i t u t e  o f  
T e c h n o l o g y ,  C a m b r i d g e  3 9 ,  M a s s a c h u s e t t s .

4 T h e  a m i n o  a c i d  d i e t  c o n t a i n e d  t h e  f o l l o w i n g  a m i n o  
a c i d s  i n  p e r  c e n t :  u - a r g i n i n e - H C l ,  0 . 7 3 ;  L - h i s t i d i n e -  
H C 1 ,  0 . 7 4 ;  L - l y s i n e - H C l ,  1 . 8 8 ;  L - l e u c i n e ,  1 . 2 0 ;  L - c y s t i n e ,  
0 . 4 0 ;  L - t y r o s i n e ,  0 . 6 0 ;  D L - m e t h i o n i n e ,  0 . 8 0 ;  D L - t r y p t o -  
p h a n ,  0 . 5 0 ;  D L - p h e n y l a l a n i n e ,  1 . 2 0 ;  D L - t h r e o n i n e ,  1 . 5 0 ;  
D L - i s o l e u c i n e ,  1 . 5 0 ;  D L - v a l i n e ,  2 . 1 0 ;  D L - a l a n i n e ,  2 . 0 0 ;  
g l y c i n e ,  1 . 0 0 ;  D L - a s p a r t i c  a c i d ,  1 . 0 0 ;  L - g l u t a m i c  a c i d ,  
5 . 0 0 ;  s o d i u m  a c e t a t e ,  0 . 7 9 .

5 B o r d e n  C o m p a n y ,  N e w  Y o r k .
6 N u t r i t i o n a l  B i o c h e m i c a l s  C o r p o r a t i o n ,  C l e v e l a n d .
7 K i n d l y  p r o v i d e d  b y  W i l s o n  a n d  C o m p a n y ,  C h i c a g o .
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after the end of the feeding period. The 
intestines were removed and the contents 
washed out as described above. The indi
vidual fractions were then pooled and the 
Kjeldahl nitrogen content of each of the 
pooled fractions was determined. In addi
tion to total nitrogen, amino acid nitrogen 
(Van Slyke et al., ’41) and a-amino nitro
gen (indirect formol titration taken as the 
titer from pH6.0 to pH8.5 by use of a pH 
meter) were determined on the pooled, 
TCA-soluble fraction.

The fractionation study was based on 
the following assumptions : ( 1 ) that little 
nitrogen accumulates in the intestine of 
the rat unless it is fed a diet containing a 
protein that is digested slowly or incom
pletely (Peraino et al., ’59; Rogers et al., 
’60); (2 ) that after feeding a “nitrogen- 
free” or a protein-free diet containing 
crystalline amino acids, any protein in the 
intestinal contents is of endogenous origin;
(3 ) that insoluble dietary protein and mu

cosal cells are sedimented by slow-speed 
centrifugation of the intestinal washings;
(4 ) that protein nitrogen of endogenous 
secretions remains in the supernatant solu
tion but is précipitable with hot 5% tri
chloroacetic acid (TCA) solution; and (5 ) 
that unabsorbed amino acids and peptides 
are not precipitated by TCA.

RESULTS
Well-trained rats would eat 5 gm of a 

test diet containing no protein or 22% of 
casein or zein in 30 minutes but they 
would not eat 5 gm of diets containing 
amino acids or gelatin in this time (see 
Rogers et al., ’60). Therefore, values for 
the stomach and intestinal contents of 
rats fed the amino acid or gelatin diets 
were based on individual intakes of 2.5 
to 5.0 gm.

Stomach contents. The rates of stom
ach-emptying of rats fed the 5 test diets 
are shown in figure 1. The diet contain-

Fig. 1 Rate of emptying of different diets from the stomachs of rats fed a single meal.
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ing 22% of zein emptied more rapidly 
from the stomach than that containing 
22% of casein. Although these diets con
tained 22% of protein as compared with 
the 30% used in the experiments of 
Rogers et al. ( ’60), the effect of the lower 
protein level on the rate of stomach-emp
tying in this experiment was small. The 
curves for percentage of dry weight and 
for percentage of ingested nitrogen recov
ered after feeding zein or casein were 
similar to those obtained previously.

Stomach-emptying curves for rats fed 
the gelatin and amino acid diets differed 
from those obtained previously with rats 
adapted to these two diets. The gelatin 
diet emptied more rapidly from the stom
achs of the nonadapted rats and the amino 
acid diet emptied more slowly. Nearly 
40% of the dry weight of the amino acid 
diet had passed from the stomach by the 
end of the first hour after the feeding 
period; however, the rates of emptying of 
both dry matter and nitrogen were very 
slow during the subsequent two hours.

The percentages of moisture in the 
stomach contents at intervals after feed
ing the different diets are shown in table 1. 
The values for the percentage of moisture 
in the stomach contents of rats that re
ceived casein, zein or the “nitrogen-free” 
diets were considerably lower than those

for rats that received the amino acid or 
gelatin diets. When rats were fed the 
zein diet the moisture content increased 
progressively from zero time until the 
third hour. The values for the percentage 
of moisture in stomach contents of rats 
fed the amino acid or the gelatin diets 
were significantly higher than those for 
rats fed the other three diets (P < 0.05 
for zero and one-hour; P > 0.05 for three- 
hours) with values for rats fed the amino 
acid diet being highest. The stomach con
tents of rats fed the gelatin and amino acid 
diets were fluid, whereas those of rats fed 
the casein, zein and “nitrogen-free” diets 
formed a compact mass which could be 
removed intact from the excised stomachs.

Intestinal contents. The amounts of 
nitrogen in the insoluble residues from 
the intestinal contents are shown in 
table 2. Most of the values were relatively 
low and did not vary greatly at the 
different time intervals. However, the 
amount of residual nitrogen in the intes
tinal contents of rats fed the zein diet 
increased progressively with time after 
feeding (P < 0.001 as compared with the 
highest of the other diets). The greatest 
accumulation occurred three hours after 
feeding, but the values for the earlier in
tervals were also several times greater than 
those for the other groups.

TABLE 1
M oistu re con ten t o f  stom ach con tents

Diet 0-hours 1-hour 3-hours

% % %
“Nitrogen-free’ 62.9 ±  1.91 62.5 ±  1.91 6 7 .9 ± 2 .5 '
Casein 62.5 ±  1.5 63.3 ±  1.3 64.9 ±  1.1
Zein 58.7 ±  1.5 6 1 .5 ± 0 .8 66.4 ± 2 .8
Gelatin2 69.8 ± 1 .5 67.8 ± 1 .0 7 0 .3 ± 3 .0
Amino acid2 75.9 ±  1.6 70.4 ± 1 .9 72.8 ±  1.7

1 Standard error of the mean.2 Food intake in 30 minutes varied from 2.5 to 5.0 gm.

TABLE 2
A m o u n t o f  insoluble nitrogen  in intestinal con tents

Diet 0-hours 1-hour 3-hours
mg mg mg

“Nitrogen-free” 1.80±0.13> 2.11 ±  0.25 2.62 ± 0 .3 5
Amino acid 3.31 ± 0 .4 4 2 .1 6 ± 0 .3 6 2.41 ± 0 .4 2
Casein 2.51 ± 0 .6 1 3.35 ± 0 .6 3 4.05 ± 0 .4 4
Zein 14.30 ± 1 .1 0 26.47 ± 5 .5 4 36 .82±3 .61
Gelatin 2.57 ± 0 .4 2 6.07 ±  1.30 4.27 ±  1.10

1 Mean ±  standard error.
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The results shown in table 3 indicate 
that the TCA-precipitable nitrogen in
creased a little when the diet contained 
casein, zein or gelatin. The values were 
significantly (P <  0.05) higher than the 
corresponding values for rats fed the “ni
trogen-free” diet at zero time and at one 
hour. They were also higher than those 
for rats fed the amino acid diet but only 
the three greatest differences, as indicated 
in table 3, were significant.

The values for TCA-soluble nitrogen 
(table 4) in the intestinal contents of rats

fed the casein, zein or amino acid diets 
were between 2 and 4 mg higher than 
those for rats fed the “nitrogen-free” diet. 
A much greater accumulation of TCA- 
soluble nitrogen occurred in the intestinal 
contents of rats fed the diet containing 
gelatin. The differences between these 
values and the highest of those for rats 
fed the other diets were highly significant 
(P <  0.001) at each time interval.

The results of the final experiment are 
shown in table 5. The average values for 
the individual fractions were somewhat

TABLE 3
A m ou n t o f  soluble nitrogen o f  intestinal con tents that w as trichloroacetic acid-precipitable

Diet 0-hours 1-hour 3-hours

mg mg mg
“ Nitrogen-free” 1.21 ±0 .08* 1 .0 0 ±  0.071 1.1 0 ± 0 .1 0 1
Am ino acid 1.43 ± 0 .1 1 1 .1 3± 0 .0 7 1.21 ± 0 .1 2
Casein 1.63 ±  0.12 1.38 ±  0.12 1.74 ±  0.122
Zein 1 .66±0 .18 1.47 ±  0.18 1.46 ± 0 .1 4
Gelatin 1.91+0.10* 1.73 ±  0.152 1.57 ±  0.13

1 Mean +  standard error.2 Significantly different 
(P <  0.05); at one hour,

from corresponding values for 
(P <  0.01).

amino acid group, at zero and 3 hours,

TABLE 4
Trichloroacetic acid-soluble nitrogen o f  intestinal con tents

Diet 0-hours 1-hour 3-hours

mg mg mg
“ Nitrogen-free” 3.52 ±0.29* 2.47 ± 0 .2 0 4.08 ± 0 .5 3
Am ino acid 7.24 ± 0 .5 8 6.81 ± 0 .7 0 7.44 ± 0 .9 3
Casein 5.39 ± 0 .6 0 6.10 ± 0 .6 2 6.30 ± 0 .4 4
Zein 6.71 ± 0 .2 8 6.69 ± 0 .5 7 7.39 ± 1 .2 6
Gelatin 15.74 ±  1.03 19 .45±  1.31 16 .85±  0.84

i Mean ±  standard error.

TABLE 5
N ature o f  the trichloroacetic acid-soluble nitrogen  in  the intestinal con ten ts1

Diet No. of 
rats

Insoluble2
residual
nitrogen

Trichloro
acetic
acid-2

precipitable
nitrogen

Trichloroacetic acid-soluble fraction

Total2
nitrogen

Amino3
acid

nitrogen
a-Amino4
nitrogen

Estimated 
no. of 
amino 
acids/ 

peptide5
mg mg mg mg mg

Casein 5 1.78 0.59 4.80 2.00 3.03 2.7
Zein 5 15.50 0.66 8.93 3.93 5.33 3.5
Am ino acid 5 1.65 0.64 7.53 4.75 5.77 2.8
“ Nitrogen-free” 4 2.87 0.65 5.23 1.74 3.33 2.4
Gelatin 3 3.13 0.50 14.15 3.34 5.11 6.0

1 Values are taken from a pooled sample of the number of rats indicated.
2 Nitrogen determined by semimicro Kjeldahl.
3 Nitrogen determined by ninhydrin method of Van Slyke et al. ( ’41).
4 Nitrogen determined by formol titration.

„  , . „  total nitrogen — amino acid nitrogen5 Calculated as follows: average peptide length = -------. —o-ammo nitrogen — amino acid mtrogen
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lower in this experiment but the trends 
were similar to those of previous experi
ments. Although the total amount of TCA- 
soluble nitrogen was highest in the con
tents of the small intestine after feeding 
the gelatin diet, amino acid nitrogen and 
a-amino nitrogen were highest after feed
ing the amino acid diet. The last column 
of table 5 contains estimates of the aver
age number of amino acid residues in the 
peptides, calculated from this information. 
The average number of residues in the 
nitrogenous compounds of the TCA-soluble 
fraction obtained after feeding the gelatin 
diet was estimated to be 6 compared with
2.5 to 3.0 for those obtained after feeding 
the other diets. These figures can be con
sidered only as rough approximations be
cause a preponderance of basic amino 
acids in the peptides would result in over
estimation of the number of residues per 
peptide.

DISCUSSION

Stomach-emptying. Previously gelatin 
and amino acid diets were noted to empty 
from the stomach at nearly the same rate 
as diets containing other proteins (Rogers 
et al., ’60); but in the present study the 
gelatin diet emptied more rapidly and the 
amino acid diet more slowly than the one 
containing casein. In these experiments, 
unlike the previous ones, the rats were 
not allowed to adapt to the gelatin and 
amino acid diets and the amounts con
sumed were less than 5 gm. The rate of 
emptying of a diet containing 15% of 
casein increases when the amount con
sumed is low (Peraino et al., ’59), so the 
low intake of the gelatin diet may account 
for its rapid emptying. However, the 
amino acid diet, which was also consumed 
in smaller amounts, emptied very slowly 
after the first hour. Thus, the rate of 
emptying of this diet was not influenced 
in the same way by the quantity of food 
consumed, and the pattern of emptying 
apparently changed as the rats became 
adapted to it.

A large intake of a low-molecular-weight 
carbohydrate, which exerts a high osmotic 
pressure, depresses the food intake of rats 
fed a low-protein diet; also, the amount of 
moisture in the stomach contents is high 
shortly after the ingestion of such a diet

(Harper and Spivey, ’58). The stomach 
contents of rats fed the diets containing 
free amino acids or gelatin (which exert 
higher osmotic pressures than casein and 
zein) had high moisture contents and the 
food intakes of these groups were low. 
The effects were greater in unadapted rats 
than in rats allowed to adapt to the diets 
for a few days (unpublished results). This 
suggests that mechanisms controlling the 
amount of moisture in the stomach con
tents, as well as the rate of stomach emp
tying, are modified during the adaptation 
period in a way that enables the young 
rat to eat more of an amino acid diet.

Intestinal contents. The high value for 
nitrogen in the insoluble fraction (which 
probably represents largely undigested pro
tein from the diet and nitrogen from mu
cosal cells sloughed off during the removal 
of the intestinal contents (table 2 ) )  to
gether with the average value for nitrogen 
in the TCA-soluble fraction (table 4), after 
feeding zein, suggests that its low digesti
bility is due rather to its insolubility than 
to peptide bonds that are resistant to pro
teolytic attack. This conclusion is sup
ported by observations on the in vitro di
gestion of com proteins (de Muelenaere 
et al., ’61), indicating that the same pat
tern of peptides was released from native 
and “reconstituted” com gluten.

If nitrogen in the TCA-precipitable frac
tion of the small intestinal contents of 
rats fed a protein-free diet or a diet con
taining only nitrogen from amino acids 
represents intact proteins from intestinal 
secretions, little of the additional nitrogen 
observed in the intestinal contents of rats 
fed diets containing protein would appear 
to arise from this source (table 3). The 
values for groups receiving protein were 
significantly higher at each interval (P < 
0.01) than those for the group fed the 
protein-free diet but, in terms of total ni
trogen ingested, the differences are small 
and suggest, in agreement with Geiger 
et al. ( ’58), that little nitrogen from this 
source accumulates in the intestine. Meas
urement at any one time gives no measure 
of the rate of turnover; hence this does 
not preclude the possibility suggested by 
Nasset ( ’57), that the quantity of nitrogen 
entering the intestine from secretions each 
day is large.



240 M -L . CH EN, Q. R. ROGERS AND A. E. HARPER

The amount of nitrogen in the TCA- 
soluble fraction of the intestinal contents 
was the same when the diet contained 
casein or zein as when it contained free 
amino acids. This, together with the ob
servations that an amino acid diet empties 
from the stomach of rats adapted to such 
a diet at about the same rate as diets 
containing highly digestible proteins 
(Rogers et al., ’60), indicates that the 
amino acids of a highly digestible protein 
such as casein are as readily available to 
the rat as are free amino acids.

The high values for nitrogen in the TCA- 
soluble fraction of the intestinal contents 
of rats fed gelatin are unexpected, because 
gelatin is known to be highly digestible 
(Mitchell and Block, ’46). The low amino 
acid nitrogen (table 5) of the TCA-soluble 
fraction indicates that the amount of free 
amino acids observed after feeding gelatin 
was little or no greater than that after 
feeding the other diets. This suggests that 
gelatin or some peptides of gelatin are 
resistant to attack by the proteolytic en
zymes of the rat. The low aromatic amino 
acid content of gelatin might well make 
it resistant to attack by pepsin and chymo- 
trypsin. London and Rabinowitsch ( ’ l l )  
calculated that 94% of the nitrogen in 
chyme collected from a fistula of the lower 
stomach after feeding gelatin was peptide 
nitrogen, but only 86% was peptide ni
trogen after feeding casein. There was 
very little difference between the percent
ages of peptide nitrogen after feeding these 
two proteins when the chyme was collected 
from the ileum. Geiger ( ’51) also ob
served that the amount of nitrogen in the 
intestinal contents of rats two hours after 
feeding was greater when the diet con
tained gelatin than when it contained 
casein.

In general, the results indicate that the 
nature of the dietary protein influences 
food intake, the passage of food from the 
stomach and the extent to which nitrogen 
accumulates in the intestine. The possi
bility that the rate of emptying of the 
stomach contents is influenced by the 
quantity of amino acids absorbed is sug
gested by the results of some of these 
experiments. When gelatin and zein diets 
were fed, nitrogen accumulated in the in
testine owing to the slow or poor digesti

bility of these proteins; however, the rate 
of stomach-emptying was not delayed pos
sibly because amino acids were being ab
sorbed only slowly. On the other hand, 
the quantity of amino acids absorbed dur
ing the first hour after feeding the amino 
acid diet was quite high and the rate of 
stomach-emptying was delayed during the 
subsequent two hours.

SUMMARY
The amount of nitrogen in the stomach 

and intestinal contents of rats was deter
mined at intervals after the animals had 
consumed a “nitrogen-free” meal or meals 
containing the equivalent of 22% of pro
tein from casein, gelatin, zein or an amino 
acid mixture. When the meal contained 
free amino acids or gelatin, food intake 
was depressed, stomach-emptying pattern 
was altered and the moisture content of 
the stomach contents was increased com
pared with values for the casein control 
group.

More nitrogen was present in the intes
tinal contents of rats fed diets containing 
zein or gelatin than in those of rats fed 
casein or amino acids. The greatest part 
of the extra nitrogen was in an insoluble 
fraction when the diet contained zein and 
in a trichloroacetic acid-soluble fraction 
when the diet contained gelatin. Only 
small amounts of the nitrogen in the intes
tinal contents of rats fed the amino acid, 
casein, or “nitrogen-free” diets were in in
soluble or trichloroacetic acid-precipitable 
fractions. The peptides from the intestinal 
contents of rats fed the gelatin diet were 
estimated to contain about twice as many 
amino acids as those from rats fed the 
other diets.

The amount of nitrogen in the soluble 
fraction of the intestinal contents of rats 
fed a diet containing protein or amino 
acids which was precipitable with trichlo
roacetic acid was small but was consis
tently greater than that observed when a 
“nitrogen-free” diet was fed.
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A  Study of Experimental Hypercholesterolem ia  
in the M ouse

E . E . H O W E  a n d  D . K. B O SSH A R D T
M erck  In stitu te for  Therapeutic R esearch , R ah w ay, N ew  Jersey

Hegsted et al. ( ’57a), recognizing the 
need for the quantitation of the effect of 
fats and oils on blood cholesterol, devised 
an assay in the rat made hypercholes- 
terolemic by dietary cholesterol and cholic 
acid. In the present paper are presented 
some data obtained using a similar assay 
employing the weanling mouse as the ex
perimental animal. Use of the mouse for 
such an assay offers certain advantages; 
conservation of materials in short supply, 
shorter time of assay, less space required 
and lower cost of animals. In addition, it 
yields desirable information in compara
tive biochemistry.

E X P E R IM E N T A L

Male weanling mice of the Sharp and 
Dohme strain were randomized in groups 
of 8, housed individually and allowed to 
feed ad libitum. The basal diet consisted 
of 20% of casein, 74% of glucose, 4% of 
salt mixture, 2% of cellulose and a vita
min addendum, which is described in de
tail in an earlier publication (Howe and 
Bosshardt, ’60). In our experiments 1.0% 
of cholesterol and 0.1% of cholic acid 
were incorporated into the basal diet to 
produce a state of hypercholesterolemia. 
In later experiments 0.5% of linoleic acid 
was added to the basal diet as a source of 
essential fatty acids. It was reasoned that 
the effect of any substance on blood cho
lesterol might be influenced by the pres
ence of a dietary deficiency. All dietary 
supplements were added at the expense 
of glucose.

After a 12-day period the animals were 
weighed and decapitated under light chlo
roform anesthesia to obtain pooled sam
ples for plasma cholesterol determinations 
which were carried out by the method of 
Abell et al. ( ’52).

R E SU LT S A N D  C O N C L U SIO N S

The effects of a variety of dietary fats 
and fatty acids on plasma cholesterol are 
shown in table 1. In those experiments 
in which the diet contained 0.5% of lino
leic acid the results given are the average 
of two separate experiments. Confirming 
our earlier observations (Howe et al., ’60) 
linoleic acid and oils containing this fatty 
acid are ineffective in reversing cholic 
acid-induced hypercholesterolemia. Arach- 
idonic acid also is inert in this respect. 
These observations contrast with those of 
Hegsted et al. ( ’57) in the rat, but there 
are experimental differences as well as a 
species difference. In these experiments 
only cod liver oil, a hexaenoic acid con
centrate derived from cod liver oil, and 
tung oil at the highest level fed gave clear- 
cut reductions in plasma cholesterol. The 
effect observed with the highly unsaturated 
cod liver oil is not unexpected because 
marine oils have been reported to lower 
plasma cholesterol in both man (Bronte- 
Stewart et al., ’56) and animals (Nimni 
et al., ’61; Nicolaysen and Ragard, ’61). 
The tung oil was effective only at a level 
that completely inhibited growth. This, 
too, is in contrast with the results of 
Hegsted, who found tung oil to be one of 
the most effective fats tested in elevating 
the plasma cholesterol of the rat.

In this investigation a hydrogenated 
coconut oil* 1 and oleic acid were the only 
substances observed to potentiate the hy- 
percholesterolemic effect of cholic acid 
and cholesterol in the mouse. The eleva
tion due to palmitic acid failed to reach 
significance possibly because of poor ab
sorption (Lin et al., ’55).

R eceived  fo r  pu b lica tion  Septem ber 25, 1961.
1 H ydrol, Durkee’ s Fam ous Foods, C hicago.

2 4 2 J. N u t r it io n , 76; ’62



TABLE 1
E ffect o f  fats on  exp erim en ta lly induced  hypercholesterolem ia  in  the m ou se

Supplement1
No linoleic acid 0.5% Linoleic acid

Plasma2
cholesterol

Weight
gain

Plasma
cholesterol

Weight
gain

m g /100  ml gm m g/100  ml gm
None 200 9.0 180 11.2
Corn oil, 5% 170 11.0 175 11.3
Corn oil, 10% 191 10.9 164 11.4
Linseed oil, 5% 189 11.6 184 12.0
Linseed oil, 10% 189 11.3 190 11.8
Cod liver oil, 2% 144 10.3 157 11.4
Cod liver oil, 5% 140 11.4 151 11.1
Cod liver oil, 10% 152 11.4 160 11.1
Olive oil, 5% 210 11.1 204 11.5
Olive oil, 10% 192 10.5 214 11.6
Butter fat, 5% 217 11.4 216 11.2
Tung oil, 2% 205 8.2 223 8.5
Tung oil, 5% 182 2.3 202 3.6
Tung oil, 10% 154 - 1 .2 138 — 0.2
Hydrogenated coconut oil, 3 5% 248 12.6
Hydrogenated coconut oil,3 10% 242 12.7
Palmitic acid, 2% 170 11.2 222 12.3
Palmitic acid, 5% 222 10.3 201 14.2
Palmitic acid, 10% 224 6.1 227 12.7
Oleic acid, 5% 234 9.6 242 11.7
Oleic acid, 10% 262 8.8 252 10.2
Linoleic acid, 2.5% 163 10.2 186 11.1
Linoleic acid, 5% 192 8.8 198 11.1
Arachidonic acid concentrate,4 0.5% 184 9.2 170 11.0
Arachidonic acid concentrate, 1.0% 173 11.2 169 10.9
Arachidonic acid concentrate, 2.0% 191 9.5 172 10.6
Hexaenoic acid concentrate,5 0.5% 150 9.9 137 11.7
Hexaenoic acid concentrate, 1.0% 145 10.6 133 11.6
Hexaenoic acid concentrate, 2.0% 100 8.9 121 11.2

1 A ll diets con ta in  1.0%  o f  cholesterol and 0 .1%  o f  ch o lic  acid . P lasm a ch olesterol o f  com p arable  m ice  fe d  
basa l d iet w as 101 m g /1 0 0  m l.

2 A verage standard deviation  o f  ea ch  tabu lar va lue is  11.6.
3 H ydrol, D urkee ’s F am ous Foods, C hicago.
4 A  60%  con cen tra te  supplied  throu gh  the cou rtesy  o f  Mr. R. W eston  o f  M erck  Sharp and D ohm e R esearch  

Laboratories.
5 A con centrate  o f  cod  liver o il  con sistin g  o f  ap p rox im ate ly  67%  o f  h exaen oic and  33%  o f  p en taen oic acid . 

Supplied  by M r. F. R eim ers o f  M erck  Sharp and  D oh m e R esearch  Laboratories.

TABLE 2

E ffect o f  m ixtu res o f  hydrogenated  cocon u t oil 
and safflower oil on  exp erim en ta lly induced  

hypercholesterolem ia1 in the m ou se

Supplement Plasma
cholesterol

12-Day
weight

gain

Hydrogenated coconut 
oil,2 5% 258 14.1

Safflower oil, 5% 219 14.5

Hydrogenated coconut 
oil, 2.5% +  safflower 
oil, 2.5% 202 14.4

Hydrogenated coconut 
oil, 10%

COC'i 14.6

Safflower oil, 10% 214 14.4

Hydrogenated coconut 
oil, 5%  +  safflower 
oil, 5% 234 14.8

1 A ll diets con ta in ed  1%  o f  cholesterol and 0 .1%  o f  
ch o lic  acid.

2 H ydrol.

TABLE 3
E ffect o f  sex  h orm ones on exp erim en ta lly induced  

h ypercholesterolem ia  in the m ou se

Supplement1*2 Plasma3
cholesterol

Weight
gain

m g/100  ml gm
None 212 u n
Diethylstilbestrol, 0.25 mg 219 8.2
Diethylstilbestrol, 0.5 mg 234 6.7
Diethylstilbestrol, 1.0 mg 208 5.5
Estradiol, 0.0625 mg 215 11.8
Estradiol, 0.125 mg 175 10.9
Estradiol, 0.25 mg 218 10.8
Estradiol, 0.5 mg 195 10.2
Estradiol, 1.0 mg 161 9.6
Progesterone, 12.5 mg 204 11.3
Progesterone, 25 mg 198 11.3
Progesterone, 50 mg 195 11.1
Testosterone, 12.5 mg 182 12.2
Testosterone, 25 mg 230 10.4
Testosterone, 50 mg 194 11.9
Testosterone, 100 mg 193 11.5

1 A ll diets con ta in ed  0 .5%  o f  lin o le ic  a cid , 1%  o f  
cholesterol and  0 .1%  o f  ch o lic  acid .

2 A ll horm on e  supplem ents expressed  in  m g /k g  o f  
diet.

3 A verage standard deviation , 15.1.
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TABLE 4
E ffect o f  am ino acids on  exp erim en ta lly induced hypercholesterolem ia  in the m ou se

Series A Series B
Without added taurine With 1%  taurine

Supplement1 -------------------------------------  ------------------------------
Plasma2

cholesterol
Weight

gain
Plasma

cholesterol
Weight

gain
m g/100  ml gm m g/100  ml gm

None 206 11.4 159 13.3

DL-Alanine, 0.5% 184 11.5 175 13.1
DL-Alanine, 1.0% 191 10.7 176 11.6

L-Arginine-HCl, 0.5% 184 12.1 154 11.9
L-Arginine-HCl, 1.0% 190 10.7 150 11.7

L-Aspartic acid, 0.5% 210 11.1 152 12.2
L-Aspartic acid, 1.0% 170 11.1 202 12.6

L-Cystine, 0.5% 181 10.4 180 13.4
L-Cy stine, 1.0% 166 10.8 167 12.5

i.-Cysteine TiCl, 0.5% 155 11.0 185 12.9
L-Cysteine-HCl, 1.0% 163 10.1 168 10.1

Glycine, 0.5% 193 11.3 145 13.7
Glycine, 1.0% 197 10.7 193 12.1

Guanidoacetic acid, 0.5% 201 9.1 180 10.0
Guanidoacetic acid, 1.0% 183 5.4 195 7.3

L-Histidine HCl'HjO, 0.5% 204 12.1 143 12.8
L-Histidine HCI HzO, 1.0% 191 9.4 183 12.1

L-Isoleucine, 0.5% , with alloisoleucine, 50% 185 11.7 146 12.5
L-Isoleucine, 1.0% , with alloisoleucine, 50% 199 10.8 175 13.0

L-Leucine, 0.5% 212 11.1 188 13.5
L-Leucine, 1.0% 177 11.6 161 12.5

L-Lysine-HCl, 0.5% 206 11.6 156 12.8
L-Lysine-HCl, 1.0% 205 11.6 168 12.2

DL-Methioninc, 0.5% 173 11.3 121 11.8
DL-Methionine, 1.0% 173 10.4 130 9.7

DL-Phenylalanine, 0.5% 210 12.1 177 12.9
DL-Phenylalanine, 1.0% 222 12.1 188 13.7

L-Proline, 0.5% 208 12.6 157 12.4
L-Proline, 1.0% 207 11.4 186 13.1

DL-Serine, 0.5% 231 11.3 170 13.2
DL-Serine, 1.0% 222 11.6 159 12.7

DL-Threonine, 0.5% 250 11.2 139 13.5
DL-Threonine, 1.0% 202 11.6 164 13.4
DL-Tryptophan, 0.5% 225 11.8 149 12.3
DL-Tryptophan, 1.0% 192 11.1 185 12.7

L-Tyrosine, 0.5% 192 11.7 164 14.9
L-Tyrosine, 1.0% 201 11.4 162 15.0

DL-Valine, 0.5% 206 11.5 151 11.7
DL-Valine, 1.0% 185 12.2 126 12.8

1 All diets contain 0.5% of linoleic acid, 1.0%
2 Average standard deviation, 22.1.

of cholesterol and 0.1% of cholic acid.
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Since Hegsted and associates ( ’57b) 
had observed that in induced hypercholes
terolemia the hypocholesterolemic effect 
of an oil appears to vary directly as the 
product of its saturated and essential fatty 
acid content (linoleic plus arachidonic), a 
study was made of combinations of saf
flower oil (70% linoleic) and hydrogen
ated coconut oil,2 a highly saturated fat. 
The results are shown in table 2. In 
neither case did the combination of two 
fats produce a depression in blood cho
lesterol.

In table 3 are shown the data obtained 
in a study of the effect of sex hormones 
on cholic acid-induced hypercholesterol
emia. Estradiol was the only substance 
found to produce a lowering effect and 
this effect was observed only at the high
est concentration used. Diethylstilbestrol 
was without effect on plasma cholesterol 
even though all levels used caused greater 
growth inhibition than was observed at 
the highest concentration of estradiol.

Data obtained in the study of the effect 
of individual amino acids on induced hy
percholesterolemia are shown in table 4, 
series A. Cystine and cysteine hydro
chloride appeared to exert a hypocholes-

TABLE 5
E ffect o f  taurine on  exp erim en ta lly induced  

h ypercholesterolem ia in  the m ou se1

Supplement Plasma
cholesterol

12-Day
weight
gain

m g /100 ml gm
None 249 7.9
Taurine, 1% 169 7.8
Taurine, 2% 171 9.0
Taurine, 4% 235 8.8
None 269 8.4
Taurine, 0.1% 252 8.3
Taurine, 1.0% 200 7.8
None 312 8.0
Taurine, 1% 207 9.8
None 223 11.6
Taurine, 1% 182 9.3
Taurine, 4% 121 8.1
None 230 8.2
Taurine, 2% 157 9.8
Linoleic acid, 0.5% 214 12.4
Linoleic acid, 0 .5 % , 

taurine, 0.5% 149 10.9
Linoleic acid, 1 .0% , 

taurine, 1.0% 143 14.3

1 A ll diets con ta in  1 %  o f  ch olesterol and 0 .1 %  o f  
ch o lic  acid.

terolemic effect (P < 0.05 in analysis of 
variance of the data in individual tests). 
The effect obtained with methionine ap
proached significance (P =  0.1). Port- 
man and Mann ( ’55) have reported that 
taurine which is derived from cysteine re
duces experimental hypercholesterolemia 
in monkeys. This effect was confirmed by 
Hermann ( ’59), in rats, but not in rab
bits. The data in table 5 show that taurine 
is an effective agent in lowering plasma 
cholesterol in the mouse with experi
mental hypercholesterolemia.

The demand for taurine for conjugation 
of dietary cholic acid may exceed the ca
pacity of the body to synthesize it. If such 
should be the case the resulting taurine 
deficiency might mask the effect of die
tary amino acids. For this reason the 
amino acids were tested in the presence 
of taurine. The data are shown in table 4, 
series B. With taurine in the diet, cystine 
and cysteine caused no further reduction 
but the results obtained with methionine 
suggest that this amino acid may exert 
a plasma cholesterol-lowering effect even 
in the presence of taurine (P =  0.1).

SUMMARY

In cholic acid-induced hypercholesterol
emia in the mouse the following sub
stances were observed to produce a plasma 
cholesterol-depressing effect: cod liver oil, 
hexaenoic acid concentrate, tung oil, 
estradiol, cystine, cysteine hydrochloride 
and taurine.

Tung oil was effective only at a dietary 
level that produced a growth inhibition.

Dietary taurine eliminated the hypocho
lesterolemic effect of cystine and cysteine 
hydrochloride.

Oleic acid and a hydrogenafed coconut 
oil enhanced the hypercholesterolemic ef
fect of cholic acid.
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Enhancing Effect of Am inonucleoside-Induced  
Proteinuria on the Dietary Choline  
Requirement of the Rat* 1'2
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Patients affected with proteinuria of the 
nephrotic syndrome, especially children, 
are usually undernourished and some may 
have fatty livers. Urinary proteins of the 
nephrotic child have been observed in one 
series of Albanese et al. ( ’49) to contain 
an average of 6.3 gm of methionine per 
100 gm of protein. Rapidly developing and 
extensive fatty change in the liver is pro
duced in rats (Best and Huntsman, ’32), 
pigs (Johnson and James. ’48), dogs 
(Bums and McKibbin, ’51), calves (John
son et al., ’51), mice (Wilson, ’51), guinea 
pigs (Casselman and Williams, ’54), rab
bits (Hove et al., ’54), chickens (Salmon 
and Copeland, ’54), and cats (Carvalho 
Da Silva et al., ’59) fed a choline-deficient 
diet. In this paper, studies have been made 
concerning the effect of an experimental 
nephrotic syndrome on dietary choline re
quirements in the rat.

Aminonucleoside, ( 6 - dimethyl - amino -
purine-3-amino-D-ribose) was utilized by 
Frenk et al. ( ’55) in inducing a nephrotic 
syndrome in rats by subcutaneous injec
tion. We used this method to provoke pro
teinuria by oral feeding of aminonucleoside 
(0.015% ) incorporated in the diet (Borow- 
sky et al., ’61). The lipotropic require
ments of the animals under these condi
tions were estimated by measuring the 
amount of fat in the liver by biochemical 
methods (Payne, ’49).

MATERIALS AND METHODS
Sixty male Wistar albino rats (90 to 100 

gm) were allocated to 4 groups and housed 
in individual cages with wire bottoms (to 
limit coprophagia), in a temperature-con
trolled environment. Urine was collected 
over 24-hour periods from each rat for

protein determination (Ham, ’50). Levels 
of total and fractional serum proteins 
(Lowry et al., ’51), and serum cholesterol 
(Saifer and Kammerer, ’46) were likewise 
estimated. The rats were then fed the 
following diets:

Group 1 Choline-deficient diet with 
aminonucleoside

Group 2 Choline-deficient diet alone
Group 3 Choline-supplemented diet 

with aminonucleoside
Group 4 Choline-supplemented diet 

alone
The basal diet was choline-deficient 

(table 1). Either choline chloride (1.0% ) 
or aminonucleoside (0.015% ), or both, 
were added at the expense of sucrose. This 
relatively high level of choline was used 
to insure that even under abnormal condi
tions, sufficient would still be available to 
the animal. Dry ingredients of the diets 
were mixed thoroughly, and the supple
ments added and blended before the addi
tion of fat. The food was stored in sealed 
plastic containers at 4°C to prevent ran
cidity. Rats in group 1 were offered the 
diet ad libitum, the amount of food eaten 
recorded daily and the uneaten portions 
discarded after weighing. Corresponding 
rats in groups 2, 3 and 4 started to receive 
their diets a day or two later. They were of
fered and they consumed the same amount 
of food that the corresponding rat in group 
1 had eaten the day before. Urine over a 24- 
hour period was collected once weekly 
from each rat for the first two weeks, and 
daily thereafter. If a rat died in group 1,

R eceived  fo r  p u b lica tion  Septem ber 11, 1961.
1 Presented in  part b efore  the Federation  o f  A m er

ica n  Societies fo r  E xperim enta l B iology.
2 T h is  investiga tion  w as supported in  p art b y  

U.S.P.H.S. Grant no. C-2548.

J . N u t r i t i o n , 7 6 :  ’ 6 2 247
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TABLE 1
Basal diet (choline-deficient)

%
Casein, vitamin-free 5.0
Alpha soya protein, vitamin-free 5.0
Soybean protein1 7.0
Cellulose 2.0
Sucrose 42.9
Inorganic salt and trace element mixture2 4.0
Vitamin mixture without choline and B123 3.0
Cystine 0.1
Hydrogenated cottonseed oil4 29.0
Corn oil 2.0

1 ADM C-l Assay Protein, Archer-Daniels-Midland, Cincinnati.
2 Composition in per cent: calcium carbonate,21.000; copper sulfate (5 H2O), 0.039; ferric phosphate, 1.470; manganous sulfate (anhydrous), 0.020; magnesium sulfate (anhydrous), 9.000; potassium aluminum sulfate, 0.009; potassium chloride, 12.000; potassium dihydrogen phosphate, 31.000; potassium iodide, 0.005; sodium chloride, 10.500; sodium fluoride, 0.057; tricalcium phosphate, 14.900.3 Each gram of the vitamin mixture contained in milligrams: thiamine’HCl, 1.0; riboflavin, 1.0; pyri- doxine-HCl, 1.0; Ca pantothenate, 3.0; niacin, 4.5; folic acid, 0.09; menadione, 2.25; p-aminobenzoic acid, 5.0; ascorbic acid, 45.0; also vitamin A, 900 IU; vitamin D, 100 IU; biotin, 20 /¿g.
4 Crisco, Procter and Gamble Company, Cincinnati.

which happened more often than in the 
other groups, an autopsy was done, or
gans weighed, and the kidney-body weight 
and liver-body weight ratios computed 
and expressed in per cent. Hepatic lipid 
concentrations (wet-weight) were deter
mined on fresh tissues by chloroform ex
traction. Blocks of tissues from the liver 
and kidneys were fixed in Bouin’s solu
tion and cobalt-formol; frozen sections 
were cut from the block fixed in cobalt- 
formol, and stained for fat with oil red O 
(Wilson, ’50). Paraffin sections from tis
sues fixed in Bouin’s solution were stained 
with hematoxylin and eosin. The corre
sponding rats in groups 2, 3, and 4 were 
killed and subjected to the same proce
dure after comparable periods on their 
respective dietary regimens. The rats that 
survived were watched closely and as 
soon as any in group 1 developed a signifi
cant degree of proteinuria, they were 
killed, and total protein, serum albumin 
and serum cholesterol determined from 
the blood collected at the time of decapi
tation. Autopsies were done, organs 
weighed, and hepatic lipid concentra
tions determined. The corresponding rats 
in groups 2, 3, and 4 were killed at com
parable periods and subjected to the same 
procedure.

It was considered pertinent to this 
study to determine the incidence of fatty 
liver in nephrotic patients. Thirty-five 
consecutive autopsies of patients dying 
with subacute glomerulonephritis (with 
recorded proteinuria) were collected from 
the files of the Department of Pathology 
of Barnes Hospital as well as 35 other 
cases selected as controls of comparable 
age and sex (but free of glomeruloneph
ritis ).

RESULTS

F ood  in ta k e. The average daily food 
intake was about 8 gm.

In crea se  in  w eig h t. Body weights of 
rats in groups (3 and 4) fed choline-sup
plemented diets increased progressively, 
whereas those in groups (1 and 2) without 
choline - supplements initially increased, 
reaching a peak from the eighth to the 
eleventh day, but decreased later (fig. 2). 
The weights after the seventeenth day were 
not represented because the remaining ani
mals were killed from the seventeenth to 
the twenty-first day.

M orta lity . After the rats had received 
their diets for 12 to 17 days, 8 animals 
died with hemorrhagic kidneys in group 1; 
two in group 2 and none in either of the 
choline-supplemented groups (table 2). 
No other rats died of hemorrhagic kidneys 
thereafter.

P rotein u ria . Abnormal amounts of pro
tein were not detected in the urine of any 
rats at the start of the experiment. Defi
nite proteinuria developed in rats of group 
1 (choline-deficient with aminonucleoside) 
after being fed the diet for 17 to 21 days 
and the amount of protein measured was 
significantly more than for group 3 (cho
line-supplemented with aminonucleoside);
95.7 mg per day vs. 34 mg per day (P < 
0.001). Proteinuria did not develop in 
those groups (2 and 4) that did not re
ceive aminonucleoside (table 2).

H ep a tic  h is to lo g y  and  lipid  c o n c e n tr a t io n . 
Numerous lipid vacuoles were noted in the 
parenchyma of the centrolobular zones 
in both choline-deficient groups (fig. 3), 
but none in the choline-supplemented 
ones. Hepatic lipid determinations for the 
choline-supplemented groups were within
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TABLE 2
S u m m ary o f  data (m ea n  values)

Days fed 
diet

Choline-deficient group Choline-supplemented group

1 (with amino- 2 (without 4 (without
nucleoside ) nucleoside) nucleoside) amino

nucleoside )
Proteinuria,

m g/24 hrs. 17-21 95.71 ±  6.281 1 .6 0±  1.431 34 .00±  10.411 0.14 ±  0.121
Hepatic lipid

concentra
tion, % 17-21 20 .16±2 .26 12.24 ± 2 .5 2 4 .3 2 ±  0.19 5.28 ±  1.97

Hepatic
histology 12-21 centrclobular fat eentrolobular fat no fatty change no fatty change

Renal
histology 12-21 numerous casts no casts in few casts in no casts in

in tubules tubules tubules tubules
Blood total

protein (gm / 
100 ml change 
from initial 
values) 17-21 — 1.60 ±  0.38 normal — 0.70 ±  0.31 normal

+  0.64 -0 .3 8
Liver-body

weight 
ratio, % 12-21 7.63 ± 0 .3 2 5.45 ± 0 .4 5 3.78 ±  0.14 3.86 ±  0.21

Kidney-body
weight 
ratio, % 12-21 2.0 ± 0 .1 1.5 ± 0 .1 1.2 ±  0.05 1.1 ± 0 .0 6

Serum albu-
min, gm / 
100 ml 17-21 1.48 ±  0.14 normal 1.88 ±  0.15 normal

3.50 2.68
Serum choles-

terol, m g/ 
100 ml 17-21 250.6 94.0 260.0 120.3

Mortality 12-17 8 2 0 0

Weight 1-21 increased then increased then progressive progressive
decreased decreased increase increase

1 Standard error of the mean.
normal limits, whereas those in both cho
line-deficient groups were elevated (table
2). Significant difference was found be
tween the hepatic lipid concentrations in 
groups 1 (choline-deficient with amino- 
nucleoside) and 2 (choline-deficient alone), 
higher values being obtained in group 1.

Renal histology. In sections of the kid
neys from group 1 (choline-deficient with 
aminonucleoside), numerous hyaline casts 
were present in tubules, proximal portions 
being most severely affected (fig. 4). Kid
neys of rats in those groups (2 and 4) 
that did not receive aminonculeoside were 
free of tubular casts and hemorrhagic 
changes. That group (3 ), fed the choline-

supplemented diet with aminonucleoside, 
showed only few casts in tubules of the 
kidneys.

Blood total protein. The values at the 
time the animals were killed, in those 
groups (2 and 4) not fed with aminonu
cleoside, did not show any significant 
change from initial ones. Group 1 (choline- 
deficient with aminonucleoside) showed 
a significant diminution ( — 1.6 gm/100 
ml) as compared with all the other groups 
(table 2). The values in group 3 (choline- 
supplemented with aminonucleoside) were 
not significantly different from those of 
groups 2 and 4.
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B  Urinary Protein 
^  Hepatic Lipid 
HD Liver-body wt ratio 
|  Kidney- body wt. ratio 
[¡3 Blood total Protein 
(C-D)= Choline-deficient diet 
(C-S) = Choline-supplemented diet 
(A ) = Aminonucleoside

-10 - 5

GROUP I(C -D +A ) I l  (C-D alone) III (C-S + A) IY  (C-S alone)

Fig. 1 Mean values of urinary protein, hepatic lipid, liver and kidney-body weight ratios, 
and blood total protein after rats were fed diet 17 to 21 days.

Fig. 2 Grams increase in weight.
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Fig. 3 Lew power photomicrograph of the liver of rat fed the choline-deficient diet show
ing fatty change in the centrolobular zones. H & E.

K id n e y -b o d y  w e ig h t and  liver - body  
w eig h t ratios. Those rats fed the diet sup
plemented with choline chloride (groups 
3 and 4) did not show any increase in the 
kidney-body weight ratios, whereas the 
ratios of those fed the choline-deficient 
diets (groups 1 and 2) increased. The 
values were highest in that group fed 
aminonucleoside in the choline-deficient 
diet above. The observations in the liver- 
body weight ratios parallel those of the 
kidney-body weight ratios (table 2).

S erum  a lbu m in . There was a signifi
cant diminution in the values for both

groups given aminonucleoside, but the ad
ministration of choline (group 3) did not 
prevent this fall in serum albumin. Those 
not fed with aminonucleoside did not have 
hypoalbuminemia (table 2).

S erum  ch o les tero l. Serum cholesterol 
for groups fed aminonucleoside showed 
significantly higher values than those of 
the other groups (table 2). There was also 
no significant difference between the val
ues for the aminonucleoside-treated groups 
whether fed the basal diet or the latter 
supplemented with choline. Groups not
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fed with aminonucleoside did not show 
hypercholesterolemia.

The mean values (per cent change from 
normal) of the urinary protein, hepatic 
lipid concentrations, liver and kidney-body 
weight ratios and total blood protein in 
the different groups are illustrated in fig
ure 1. The values in group 4 are all with
in normal limits. The values in group 1 
are all significantly different from all the 
other groups. The urinary protein and 
blood total protein in group 2 are within 
normal limits. The liver and kidney-body 
weight ratios are significantly higher in

groups 1 and 2 than those of groups 3 and
4. All the values in group 3 are within 
normal limits except the urinary protein.

Human material. Of the 35 cases of 
subacute glomerulonephritis, 10 (28% ) 
were found to have fatty change in the 
liver. Of the 35 control cases of compara
ble age, only 2 (6% ) were found to have 
fatty change in the liver.

DISCUSSION

A mild degree of nephrotic syndrome 
was produced in rats fed aminonucleoside 
for 17 to 21 days, as evidenced by pro
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teinuria, hypoproteinemia and hypercho
lesterolemia. Flood ( ’50) has strongly sug
gested that methylation in nephrotics is 
subnormal. Albanese et al. ( ’49) have 
reported the presence of considerable 
amounts of methionine in urinary proteins 
excreted by a nephrotic child. In our ex
periments the choline - deficient group that 
received aminonucleoside ( group 1) lost 
considerable protein in the urine, as com
pared with group 2 (choline-deficient 
alone) which did not develop any pro
teinuria. The group fed the choline-defi
cient diet alone (group 2) developed fatty 
liver, but the hepatic-lipid concentration 
was significantly less than in the group 
that developed proteinuria (group 1: cho
line-deficient diet with aminonucleoside). 
These observations suggest that loss of me
thionine in the urine occurred in group 1, to 
deprive the system of some of the avail
able preformed methyl groups necessary 
for the transmethylation reaction in the 
synthesis of choline. The deprivation 
would diminish the amount of lipotropic 
factors available to the body thereby in
creasing the oral requirement as evidenced 
by a corresponding increase in hepatic 
lipid concentrations. In the group fed the 
choline-supplemented diet with aminonu
cleoside (group 3), less protein was lost 
in the urine than in group 1. The hepatic 
lipid concentration in this group (group
3) was within normal limits since the diet 
contained a high supplement of choline 
chloride. The amount of choline added 
to this diet and that fed rats of group 
4 was deliberately large (1 .0% ) to in
sure that under these conditions the con
trols would receive completely adequate 
amounts.

The lobular distribution of the fatty 
change in the liver was centrolobular. 
The localization conforms with that ob
served in choline deficiency (Hartroft, 
’50). Sidransky and Farber ( ’58) have 
shown that methionine-deficient diets in
duced fatty livers (periportal) in adult 
female rats, but not in adult males. We 
believe that the amount of methionine 
excreted in the urine of nephrotic rats fed 
the choline-deficient diet is not sufficient 
to produce changes of methionine defi
ciency, but rather the amount of methyl 
group available for the formation of cho

line is diminished, thus aggravating the 
existing choline deficiency as evidenced 
by the increase in hepatic lipid concentra
tion. In any case methionine deficiency 
has been reported to produce periportal 
fatty liver only in female rats; male rats 
were used in our study. Because rats of 
all 4 groups received a supplement of 
cysteine (0.1% ), a deficiency of this 
amino acid is not likely involved. Again, 
the centrolobular distribution of fat in 
livers of rats in group 1 would not sup
port the concept of this amino acid de
ficiency which leads to periportal fatty 
livers.

It would appear from our animal ex
periments described, that under these con
ditions proteinuria increased the relative 
requirement of dietary lipotropic agents 
because of the loss of methionine in the 
urine thereby decreasing availability of 
labile methyl groups for in vivo synthesis 
of choline. The indirect evidence afforded 
by the autopsy data would support the 
hypothesis that a similar situation may 
exist in nephrotic children, at least those 
who had developed fatty livers. Because 
of these observations, the possibility arises 
that in selected cases of severe proteinuria 
in children (where protein requirements 
are high in any case because of growth 
demands) administration of pharmaceu
tical lipotropic preparations should be 
considered.

Ridout et al. ( ’54) discovered that die
tary choline enhances the elevation of 
cholesterol in the serum when supple
ments of cholesterol (0.8% ) are added 
to the diets of rats. No such effect was 
evident in our experiments when serum 
cholesterol was elevated endogenously 
(groups 1 and 3; table 2). Our data do 
not explain this discrepancy of the cho- 
lesterogenic effect of choline on the serum 
in these two situations.

SUMMARY

Fatty livers were produced in rats by 
feeding a choline-deficient diet (groups 
1 and 2). Concomitant proteinuria was 
produced in one group (1 ) by adding 
aminonucleoside in the diet. Hepatic lipid 
concentrations in the group fed a choline- 
deficient diet with aminonucleoside (1 ) 
were significantly higher than those in the
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group fed the choline-deficient diet alone
(2 ). These data suggest that an increase 
in the exogenous lipotropic requirement 
was induced by the loss of methionine- 
containing protein in the urine of the 
nephrotic animals fed the choline-defi
cient diet.
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Dog Serum Lipid Responses to Dietary Fats Differing 
in the Chain Length of the Saturated Fatty Acids'
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Controlled dietary experiments in man 
have shown that the glycerides of satu
rated fatty acids with 12- and 14-carbon 
atoms cause slightly higher serum choles
terol levels than equal weights of glycer
ides containing saturated fatty acids of
16- and 18-carbon atoms (Grande et al., 
’61).

It has been reported that glycerides con
taining mainly saturated fatty acids of 8- 
and 10-carbon atoms do not increase 
serum cholesterol concentration in man 
when added to a low-fat diet (Beveridge 
et ah, ’59) and that they produce serum 
cholesterol levels only slightly higher than 
corn oil and lower than butterfat (Hashim 
et ah, ’60).

The observation in this laboratory that 
coconut oil, when added to a low-fat diet, 
produces a considerable elevation of the 
serum cholesterol level in the dog, gave an 
opportunity to compare in this animal the 
effects on the serum lipids of dietary fats 
differing in the chain length of their satu
rated fatty acids.

The experiments to be reported offer a 
direct comparison of the effects on the 
serum lipids of the dog of equal amounts 
of glycerides of similar composition in 
terms of saturated, monoene, and polyene 
fatty acids, but differing in the chain 
length of a part of the saturated fatty 
acids. Two such comparisons were made: 
one (exp. 27 and 28) between coconut 
oil and a glyceride containing mainly 
saturated fatty acids of 8- and 10-carbon 
atoms (MCT); the other (exp. 30) be
tween a mixture of coconut oil and olive 
oil containing saturated fatty acids mainly 
of 12- and 14-carbon atoms, and a mixture 
of oleostock and totally hydrogenated corn 
oil containing saturated fatty acids mainly

of 16 and 18 carbons. In all the compari
sons the amount of experimental fat corre
sponded approximately to 40% of the total 
caloric intake.

The results showed that the glycerides 
of saturated fatty acids with 12 and 14 
carbons produced a greater elevation of 
serum cholesterol than either the glyc
erides of 16- and 18-carbon saturated fatty 
acids, or of 8- and 10-carbon saturated 
fatty acids. The glycerides of the 8- and
10-carbon saturated fatty acids produced 
serum cholesterol levels only slightly 
higher than those observed with a low-fat 
diet with 4% of fat calories.

EXPERIMENTAL

Male adult mongrel dogs, kept in the 
laboratory, were fed a constant low-fat, 
low-cholesterol diet for more than one 
month before use in the experiments. All 
experiments followed a reversal design. 
In each instance the animals were divided 
into two equal groups matched as to body 
weight and serum cholesterol level, in the 
low-fat diet. After the dogs were fed the 
standard low-fat diet for several weeks, 
each of the two groups was fed one of the 
two diets to be compared for a period of 
two weeks. The diets were then exchanged 
and given for another two weeks. Finally, 
all the animals were again fed the stand
ard low-fat diet.

Blood samples for lipid analysis were 
taken twice at the end of the control low- 
fat period (control 1), at the end of the 
first week of each experimental period and 
twice at the end of the second week of each 
experimental period. Blood samples were
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taken in the same way during the second 
low-fat period (control 2). Body weights 
were determined weekly throughout the 
experiment.

Diets. The basic low-fat diet was made 
by mixing 95 parts by weight of a com
mercial dog food,2 which by analysis had 
a fat content of 1.6% (corresponding ap
proximately to 4% of the total calorie 
value), and 5 parts of nonfat dry milk 
solids. Ten milliliters of cod liver oil were 
added per kilogram of dog food. The 
amount of digitonin precipitable, Lieber- 
mann-Burchard reacting material in the 
commercial dog food was equivalent to 18 
mg of cholesterol per 100 gm. The experi
mental diets were prepared by mixing 
carefully by weight, 80 parts of the basic 
low-fat diet and 20 parts of the experi
mental fat. During the experimental peri
ods a weighed amount of diet was placed 
in the feeders each morning, and the daily 
food intake for each dog was measured 
by subtracting the weight of the food left 
in the feeder 24 hours later.

Experiment 27 was a direct comparison 
between coconut oil and a synthetic me
dium-chain triglyceride (MCT)3 containing 
glycerides of saturated fatty acids mainly 
of 8- and 10-carbon atoms. The dogs ate 
the diets poorly, especially the MCT diet, 
and lost weight during the experiment. 
For this reason, a new experiment (exp. 
28) was designed.

In experiment 28, the experimental fats 
were given by stomach tube in the form of 
a 15.15% emulsion in skim milk contain
ing 5% of nonfat dry milk solids. The 
emulsion was prepared daily with a War
ing Blendor. Twenty-two milliliters of this 
emulsion per kilogram were given daily. 
This corresponds to 3.33 gm of fat per kg, 
or 40% of the total calorie intake assum
ing a mean calorie intake of 75 Cal. per 
kg per day. The dogs were also given the 
commercial dog food (with 1% of cod-liver 
oil) and the amount eaten was measured 
daily as indicated. The total calorie intake 
was computed for each dog from the 
amount of fat emulsion given by stomach 
tube and the amount of commercial dog 
food eaten.

To match the content of total saturated, 
total monoene and total polyene fatty acids 
of the two experimental fats, olive oil, and

safflower oil were added to MCT in this 
experiment. The resulting MCT mixture 
consisted of 92 parts of MCT, 6 parts of 
olive oil and two parts of safflower oil by 
weight.

Experiment 30 was a comparison of 
two fat mixtures, one containing saturated 
fatty acids mainly of 12- and 14-carbon 
atoms (12C) and the other containing 
saturated fatty acids mainly of 16- and 
18-carbon atoms (18C), in the presence 
of monoene and polyene fatty acids in 
equal proportions in the two mixtures. 
Mixture 12C consisted of 60 parts of coco
nut oil and 40 parts of olive oil by weight. 
Mixture 18C consisted of 80 parts by 
weight of oleostock and 20 parts of totally 
hydrogenated com oil. Oleostock is the 
filtered fat from beef internal organs with 
some admixture of fat trimmings from 
the carcass (see Grande et al., ’61). The 
fats were given in this experiment mixed 
with the basic low-fat diet as in experiment 
27.

The fatty acid composition of the experi
mental fats was established by gas-liquid 
chromatography analysis. Two independ
ent sets of analyses were carried out on 
each sample, one in the Laboratory of 
Physiological Hygiene and another in the 
Jay Phillips Research Laboratory, using, 
respectively, a Beckman model GC-2 ap
paratus and an Aerograph model A 110-C. 
Columns of Craig’s butanediol succinic 
acid polyester were used in each analysis. 
The analytical results are presented in 
table 1.

The differences between the two fats 
used in each experiment, in terms of fatty 
acids, are reported in table 2. The column 
headed “Excess” expresses the net differ
ences in grams between 100-gm portions 
of the two experimental fat supplements 
used in each experiment, for each individ
ual fatty acid. These differences were 
computed using the analytical values re
ported in table 1.

Analytical methods. Total serum choles
terol was determined by the method of 
Abell et al. ( ’52), lipid phosphorus by the 
method of Youngburg and Youngburg (’30) 
and total esterified fatty acids by the

2 Kibbies, Morton Dog Food Company, Minneapolis 
4, Minnesota.

3 Kindly supplied by Dr. V. C. Babayan o f the 
E. F. Drew Co., Inc., Boonton, New Jersey.
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TABLE 1

F atty acid com p osition  (as percen tage o f  th e  total fa tty  acids) o f  th e oils and fat 
m ixtu res u sed  in  exp erim en ts  2 7 , 28  and 30

Fatty acids1 Coconut
oil MCT MCT2

mixture
12C3

mixture
18C4

mixture

Saturated
6:0 1.6 0.8 0.7 l .i 3.5
8:0 8.0 67.2 61.8 4.7 0

10:0 6.7 31.5 29.0 4.1 0.1
12:0 49.0 0.5 0.5 30.5 0.2
14:0 18.1 0 0.3 11.5 4.6
16:0 8.2 0 1.1 9.9 28.0
18:0 2.0 0 0.1 2.0 31.1

Monoene
14:1 0 0 0 0 1.3
16:1 0 0 0.1 0.6 3.0
18:1 5.2 0 4.4 32.8 26.2

Polyene
16:2 0 0 0 0 0.8
18:2 1.2 0 2.0 2.8 1.2

Total saturated 93.6 100.0 93.5 63.8 67.5
Total monoene 5.2 0 4.5 33.4 30.5
Total polyene 1.2 0 2.0 2.8 2.0

1 The first figure represents the number o f carbon atoms, the second the number o f double bonds.
2 MCT m ixture: 92 parts o f MCT, 6 parts o f olive oil, 2 parts o f safflower oil, by weight.
2 12C m ixture: 60 parts o f coconut oil and 40 parts o f olive oil, by weight.
418C m ixture: 80 parts o f oleostock and 20 parts o f totally hydrogenated corn oil, by weight.

TABLE 2

C om parison o f fat su p p lem en ts used  in  exp erim en ts  2 7 , 28  and 3 01

Experiment 27 Experiment 28 Experiment 30

Fatty acids2 Excess in  Excess 
C°  oi” Ut in MCT

Excess in  Excess Excess Excess
coconut in MCT in 12C in 18C

oil mixture mixture mixture

Saturated
6:0 0.8 0 0.9 0 0 2.4
8:0 0 59.2 0 53.8 4.7 0

10:0 0 24.8 0 22.3 4.0 0
12:0 48.5 0 48.5 0 30.3 0
14:0 18.1 0 17.8 0 6.9 0
16:0 8.2 0 7.1 0 0 18.1
18:0 2.0 0 1.9 0 0 29.1

Monoene
14:1 0 0 0 0 0 1.3
16:1 0 0 0 0.1 0 2.4
18:1 5.2 0 0.8 0 6.6 0

Polyene
16:2 0 0 0 0 0 0.8
18:2 1.2 0 0 0.8 1.6 0

Total saturated 0 6.4 0.1 0 0 3.7
Total monoene 5.2 0 0.7 0 2.9 0
Total polyene 1.2 0 0 0.8 0.8 0

1 The net differences in grams between 100;gm fractions o f the two supplements used in  each 
experiment are given as “ excess”  for  each individual fatty acid.

2 The first figure represents the number o f  carbon atoms, the second the number o f  double bonds.
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method of Bauer and Hirsch ( ’49). The 
method of Bauer and Hirsch used in 
experiments 27 and 28 frequently gave 
values too low to account for the fatty 
acids of the cholesterol esters and the 
phospholipids. For this reason the method 
of Albrink ( ’59) was used for the deter
mination of the total fatty acids in experi
ment 30. Triglycerides were computed 
assuming that one milliatom weight of 
P corresponds to 2 mEq of fatty acid and 
that 76% of the cholesterol is esterified. 
Milliequivalents of fatty acids were trans
formed into weights of triglycerides using 
the factor 285.7.

The fatty acid content of the stools 
was determined by the method of Van de 
Kamer ( ’58). The digitonin precipitable, 
Liebermann - Burchard reacting material 
of the stools was determined using an ali
quot of the petroleum ether extract of the 
Van de Kamer method.

RESULTS

The first experiment (exp. 27) provides 
a comparison of the effects of coconut oil 
and of MCT on serum cholesterol. Eight 
dogs were used, but one was dropped from 
the experiment because of very poor eat
ing. Data for the other 7 dogs are sum
marized in table 3.

Coconut oil produced higher serum cho
lesterol than MCT. The mean cholesterol 
difference, coconut oil minus MCT, was 
80 mg per 100 ml (SE of the mean ±  25.0) 
with a probability of chance occurrence 
of P =  0.018. Compared with the low-fat

T A B L E  3

T otal seru m  ch o les tero l in  ex p er im en t 2 7 1

S e r u m  c h o l e s t e r o l

mg/100 ml
L ow -fa t (c o n tr o l l ) 2 170 ± 1 3 .7
C ocon u t o il, 20 % 310 ± 4 5 .0
M C T, 20 % 230 ± 2 7 .3
L ow -fa t (c o n tr o l 2 ) 3 195 ± 2 5 .3

C holesterol d ifferen ce
C ocon u t o il m in u s  M CT 80 ± 2 5 .0

P =  0.018

1 Values are means and standard errors o f the
m e a n s  f o r  7  d o g s .

2 C o n t r o l  1 ,  v a l u e s  f o r  t h e  l o w - f a t  d i e t  b e f o r e  
a d m i n i s t r a t i o n  o f  t h e  e x p e r i m e n t a l  f a t s .

3 C o n t r o l  2 ,  v a l u e s  a t  t h e  e n d  o f  t w o  w e e k s  o f  
f e e d i n g  l o w - f a t  d i e t  a f t e r  a d m i n i s t r a t i o n  o f  t h e  e x 
p e r i m e n t a l  f a t s .

diet, MCT produced an average elevation of 
serum cholesterol concentration of 47 mg 
per 100 ml (SE of the mean ±  22.9) which 
was not statistically significant (P =  0.09). 
The average food consumption of the 7 
dogs for the coconut oil periods was 59 
Cal. per kg per day, and for the MCT 
periods 34 Cal. per kg per day. The 7 dogs 
had a mean body weight of 15.6 kg at the 
end of control 1; they showed a mean 
weight loss of 0.16 kg for the two weeks 
of the coconut oil periods and of 1.00 kg 
for the two weeks of the MCT periods. All 
the animals gained weight on returning to 
the low-fat diet (control 2).

In experiment 28 the comparison be
tween coconut oil and MCT was repeated 
on 12 dogs, but the experimental fats were 
given by stomach tube and MCT mixture 
was used in place of MCT, to match the 
monoene and diene content of coconut oil. 
The mean food intake of the 12 dogs was 
77 Cal. per kg per day for the coconut oil 
periods and 70 Cal. per kg per day for 
the MCT mixture periods. Body weight 
was constant throughout. The mean se
rum cholesterol changes are shown in 
figure 1.

A marked increase of serum cholesterol 
was shown by the dogs receiving the coco
nut oil, whereas very little change was ob
served in the dogs receiving the MCT mix
ture. Upon exchanging the experimental 
fats, coconut oil produced an elevation of 
the cholesterol levels in the animals previ
ously receiving MCT mixture, while ad
ministration of the latter to the dogs previ
ously receiving coconut oil caused a 
marked decrease of their cholesterol level. 
The cholesterol levels returned to the con
trol values after the dogs were fed the low- 
fat diet for two weeks. Similar changes 
were observed in the serum phospholipids 
and total esterified fatty acids. The anal
ysis of the serum lipid change is presented 
in table 4. Coconut oil produced signifi
cantly higher serum cholesterol, phospho
lipids and total esterified fatty acids than 
the MCT mixture.

In experiment 30 the comparison of the 
two fat mixtures 12C and 18C was made. 
The mean serum cholesterol changes in 
this experiment are depicted in figure 2. 
Both the 12C and the 18C mixtures caused 
the cholesterol concentration to increase
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•  G r o u p  A  ( 6  d o g s ) 

X  G r o u p  B ( 6  d o g s )  

------------------C o c o n u t  o i l

M C T  M i x t u r e

Fig. 1 T he ch an ges o f  serum  total ch olesterol in  experim en t 28. V alues are m eans fo r  
the 6 dogs o f  ea ch  group.

T A B L E  4

T h e seru m  lipids in e x p e r im en t 28

Low-fat 
(control 1)

Diets
Coconut

oil
MCT

mixture

Difference
coconut

oil
minus
MCT

P

T ota l ch olesterol, 
m g /1 0 0  m l 181 ± 1 3 .9 319 ±  22.9 203 ± 1 4 .6 1 1 6 ±  15.1 < 0 .0 0 0 1

P hosp h olip ids , 
m g /1 0 0  m l2 329 ± 2 0 .3 505 ± 3 2 .3 378 ±  21.2 127 ± 2 4 .6 0.0004

T ota l esteriiied  fa tty  
acids, m E q 3 9.4 ±  0.61 13.8 ±  1.13 9 .3 ±  0.62 4 .5  ±  0.95 0.0007

1 V a l u e s  a r e  m e a n s  a n d  s t a n d a r d  e r r o r s  o f  t h e  m e a n s  f o r  1 2  d o g s .

2 P h o s p h o l i p i d s  =  l i p i d  p h o s p h o r u s  X  2 5 .

3 T o t a l  e s t e r i i i e d  f a t t y  a c i d s  d e t e r m i n e d  b y  t h e  m e t h o d  o f  B a u e r  a n d  H i r s c h  ( ’ 4 9 ) .
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•  Group A ( 6  d o g s )  

o Group B ( 6 dogs )

12 C Diet

F ig. 2  T h e  ch a n g es  o f  serum  total ch o lestero l in  experim en t 30. V alues are m ean s fo r  
the 6 dogs o f  ea ch  group.

but 12C produced higher cholesterol levels. 
This became clearly apparent when the 
diets were exchanged. The dogs changing 
from mixtures 12C to 18C showed de
creases of serum cholesterol, with the dogs 
making the opposite change showing in
creases. Similar changes were observed 
in serum phospholipids and total fatty 
acids.

The analysis of the serum lipid changes 
is presented in table 5. The 12C diet 
caused significantly higher serum choles
terol, phospholipids and total fatty acids 
than the 18C diet. No significant differ
ences in serum triglyceride level were 
noted between the two experimental diets. 
In contrast with the other lipid fractions, 
the triglycerides were higher with the low- 
fat diet than with the experimental diets. 
The mean of the individual differences

between the triglyceride levels in control 
and on the experimental diets (average 
of the levels for diet 12C and 18C) was 
26 mg per 100 ml (SE of the mean ±  7.37) 
which was significant (P =  0.005).

All the animals ate well in this experi
ment. The mean food intake for the 12C 
diet was 80 Cal. per kg per day and for the 
18C diet, 83 Cal. per kg per day. The body 
weights were constant.

Stools were collected from 4 animals 
(two of each group) for the last three days 
of each experimental period. The mean 
fat content (as fatty acids) of the 4 stool 
samples collected when diet 12C was fed 
was 0.98 gm (SE of the mean ±  0.37) per 
day. The corresponding value for the 18C 
diet was 7.26 gm (SE of the mean ±  0.37) 
per day. The difference (6.28 gm per day, 
SE of the mean ±  0.60) was significant at
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the level of P <  0.005. The content of digi- 
tonin precipitable, Liebermann-Burchard 
reacting material of the stools was equiva
lent to 114 mg of cholesterol per day (SE 
of the mean ±  21.7) for the 12C diet and 
to 234 mg per day (SE of the mean ±  50.3) 
for the 18C diet. The mean difference, 
120 mg per day (SE of the mean ±  40.8), 
was not significant (P =  0.06).

The effects of the various fats used in 
these experiments on serum cholesterol 
concentration can be compared using the 
cholesterol values with the low-fat diet as 
a reference, because the same low-fat diet 
was used in all of them. Such a com
parison is presented in table 6, which in
corporates the results of the present ex
periments and also those of two other 
experiments (exp. 24 and 25) in which the 
same amount of coconut oil was adminis

tered (20% of the diet weight) for the same 
period of time (two weeks) and using the 
same low-fat diet. The values in the column 
headed “Cholesterol elevation” are means 
of the differences between the cholestrol 
values at the end of two weeks of feeding 
the experimental diet, and the mean cho
lesterol values with the low-fat diet, com
puted using the values of the two control 
(low-fat) periods.

Coconut oil and the 12C mixture pro
duced the greatest elevations of serum cho
lesterol, followed by the 18C mixture, by 
MCT and by the MCT mixture, in that 
order.

The elevation of serum cholesterol pro
duced by the administration of coconut 
oil to the dog was related to the intrinsic 
cholesterol level of the individual animal. 
The coefficient of correlation between the

TABLE 5

The serum lipids in experiment 301

Diets Difference
12C

minus
18C

Low-fat 
(control 1)

12C
mixture

18C
mixture

T ota l ch olesterol, 
m g /1 0 0  m l 156 ±  14.8 294 ± 1 4 .9 2 3 3 ±  11.7 61 ±  9 .2 < 0 .0 0 0 1

P h osp h olip ids , 
m g /1 0 0  m l2 266 ± 2 2 .6 509 ± 2 1 .8 426 ± 2 0 .1 83 ± 1 6 .2 0 .0002

T ota l fa tty  acids, 
m E q3 11.3 ±  0.65 1 9 .3 ±  0.85 15.9 ±  0.56 3.4 ±  0 .55 < 0 .0 0 0 1

T rig lycerides 
m g /1 0 0  m l4 52 ±  5.8 28 ±  8 .2 25 ±  4 .4 3 ±  9.3 0.8

1 Values are means and standard errors o f the means for 12 dogs.
2 Phospholipids = lipid phosphorus x 25.
3 Total fatty acids determined by the method o f  Albrink ( ’ 59).
4 Triglycerides, m g/100 m l = (285.7) [total fatty acids, mEq./100 m l — (0.0646 lipid P m g/100 m l) — (0.0019 

total cholesterol, m g/100 m l)].

TABLE 6

Elevation of serum total cholesterol above the level for the low-fat diet,1 produced by various 
fat supplements given for tzuo weeks as 20% of the diet weight 

(40% of the total calories)2

Exp. No. o f Fat supplement
Cholesterol elevation

no. dogs Mean SE mean

24,25 ,27 ,28 31 co co n u t  oil
mg/100 ml 

146 ± 1 2 .0 < 0 .0 0 0 1
30 12 12C m ixtu re 137 ±  9.9 < 0 .0 0 0 1
30 12 18C m ixture 76 ±  7.9 < 0 .0 0 0 1
27 7 M CT 47 ± 2 2 .9 0.09
28 12 M C T m ixtu re 21 ±  8.4 0.025

1 Low-fat diet values used were the means for  each animal for  the low-fat diet periods, before 
and immediately after the administration o f the experimental fats.

2 Values are means and standard errors o f the means.
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serum cholesterol increase after two weeks 
of coconut oil and the cholesterol level with 
the low-fat diet (mean of the two low fat 
control periods) was 0.528, (SE ±  0.155) 
for 31 dogs. This correlation coefficient 
was significant (P =  0.002).

DISCUSSIO N

The preceding data show that the glyc
erides of saturated fatty acids of 12- and 
14-carbon atoms produce higher levels of 
serum cholesterol and phospholipids than 
the glycerides of saturated fatty acids of 
either 16- and 18-, or 8- and 10-carbon 
atoms. On comparison with the low-fat 
diet, the 12- and 14-carbon saturated fatty 
acids produced the greatest increase of 
cholesterol and phospholipids. The 8- and
10-carbon fatty acids produced the small
est increase with the acids of 16 and 18 
carbons producing intermediate elevations. 
This result is in general qualitative agree
ment with the observations in man (Bev
eridge et al., ’59; Hashim et al., ’60; 
Grande et al., ’61).

In other respects, however, the results 
obtained in the dog differ from the results 
obtained in the human species. In the 
first place, the absolute value of the cho
lesterol differences is greater in the dog 
than in man. The comparison between 
the 12C and the 18C mixtures showed in 
man a mean cholesterol difference of 8 mg 
per 100 ml, whereas in the present study, 
using fat mixtures similar in composi
tion to those used in man, the difference 
observed was 61 mg per 100 ml (SE of 
the mean ±  9.2). It seems unlikely that 
the greater difference observed in the dog 
is due only to the higher proportion of fat 
in the diet, which was 40% of the total 
calories in the dog’s experiment as com
pared with 30% in the human experiment 
(Grande et al., ’61).

Secondly, the dog appears to differ from 
man in that the lowest cholesterol values 
are observed when the dog is fed the low- 
fat diet. The isocaloric replacement of 
carbohydrate by corn oil in the proportion 
of about 30% of the total calories pro
duced in man a decrease of serum choles
terol of 23 mg per 100 ml (Anderson et al., 
’60); whereas in the dog the addition to 
the low-fat diet of sunflower oil in the pro
portion of 40% of the total calories pro

duced serum cholesterol levels 29 mg 
higher than the low-fat diet (Grande et al., 
’60). This elevation of serum cholesterol, 
which had a probability of chance occur
rence of P =  0.035, is of the same order of 
magnitude as the cholesterol elevation 
produced by the MCT mixture in experi
ment 28. Such observations indicate that 
MCT mixture and the linoleic acid-rich 
sunflower oil produce comparable serum 
cholesterol levels in the dog. In this re
spect the results in the dog are similar to 
those obtained in man by Hashim et al. 
( ’60). These workers observed that MCT 
produces in man serum cholesterol levels 
about 10% above those observed with corn 
oil. The glycerides of saturated fatty acids 
of 8- and 10-carbon atoms therefore pro
duce, both in man and in the dog, serum 
cholesterol levels of the same order as the 
polyunsaturated fatty acids. The triglyc
erides of saturated fatty acids of 8- and 10- 
carbon atoms apparently lack the known 
cholesterol-raising effect exerted by the 
triglycerides of the longer-chain saturated 
fatty acids.

The short-chain fatty acids differ from 
the long-chain fatty acids in their chemi
cal properties, their form of transport in 
the body and their metabolic fate (Fritz, 
’61). Decanoic acid and the fatty acids 
with less than 10 carbons are transported 
from the intestine by the portal blood, and 
about 50% of the absorbed lauric acid is 
transported by the lymph. The proportion 
of absorbed fatty acid transported by the 
lymph increases with the length of the car
bon chain of the fatty acid (Bloom et al., 
’51; Kiyasu et al., ’52; Blomstrand, ’55; 
Fernandes et al., ’55). This difference in 
the route of transport from the intestine 
may be important in explaining the differ
ent effects of the two groups of saturated 
fatty acids, but will not explain the differ
ent effects of linoleic and long-chain satu
rated fatty acids both of which are trans
ported by the lymph (Reiser and Bryson, 
’51). The fatty acids with shorter chain 
length than that of lauric acid are not in
corporated into the fat depots (Longe- 
necker, ’39; Weitzel, ’56; Fritz, ’61) and 
their rate of oxidation in the body is faster 
than that of the longer-chain fatty acids, 
both in the fed and in the starved animal 
(Geyer et al., ’51; Lossow and Chaikoff,
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’55; Kirschner and Harris, ’61). The fatty 
acids of 10 or less carbon atoms are 
rapidly oxidized by the animal body and 
do not burden the fat transport mecha
nisms as the longer-chain fatty acids do. 
This may be the reason for their lack of 
cholesterol-raising effect, but our studies 
do not provide a final answer to this ques
tion.

Recent reports indicate that the short- 
chain saturated fatty acids do not have 
the effect of increasing the requirement 
of essential fatty acids that the long- 
chain saturated fatty acids have (Kaunitz 
et al., ’60). It may be speculated that this 
is the reason they do not increase the 
serum cholesterol concentration; but there 
is no proof that the cholesterol-raising 
effect of the long-chain saturated fatty 
acids is due to a relative deficiency of 
essential fatty acids (Portman et al., ’61), 
and it has been shown that the cholesterol
depressing effect of the polyunsaturated 
fatty acids is independent of their activity 
as essential fatty acids (Anderson et al., 
’57; Keys et al., ’57; Ahrens et al., ’59).

In experiment 30 the 12C mixture 
produced significantly higher serum choles
terol and phospholipids than the 18C mix
ture. The slight mismatch in the compo
sition of the two experimental fats (table
2) would tend to produce the opposite re
sult. It is unlikely that the differences of 
cholesterol and phospholipid levels be
tween the 12C and the 18C mixtures ob
served in this experiment can be explained 
by differences in the transport or the rate 
of oxidation of their saturated fatty acids. 
There is indication that the different ef
fects of these two fat mixtures might be 
related to differences of intestinal absorp
tion. The fat content of the feces was sig
nificantly higher with the 18C diet than 
with the 12C diet. This effect is probably 
due to the tristearin present in the totally 
hydrogenated corn oil incorporated into 
the 18C mixture. The fecal excretion of 
digitonin precipitable, Liebermann-Burch- 
ard reacting material was also higher for 
each dog fed on the 18C diet, but the 
mean difference was not statistically sig
nificant. The difference of sterol content 
between the two diets does not account 
for the different content of digitonin pre
cipitable Liebermann - Burchard reacting

material of the feces. The content of this 
material in the 12C mixture was equiva
lent to 30 mg of cholesterol per 100 gm 
and that of the 18C mixture to 48 mg. 
Using the food consumption data of the 
4 animals the mean intake of digitonin 
precipitable, Liebermann-Burchard react
ing material (including that of the low-fat 
basic diet) was observed to be equivalent 
to 32 mg of cholesterol per day for 12C 
and to 43 mg for 18C. The mean differ
ence was only 11 mg per day as compared 
with a mean difference of 120 mg in fecal 
excretion.

The tendency of the 18C diet to produce 
higher fecal excretion of digitonin precipi
table Liebermann-Burchard reacting ma
terial may be due to a decrease of the re
absorption of biliary cholesterol, or to an 
increase of the secretion of sterols by the 
bile or through the intestinal wall, or to a 
combination of these changes. Such ef
fects, by increasing the rate of loss of cho
lesterol from the body, could be responsible 
for the decrease of serum cholesterol con
centration.

SU M M ARY
Fats of similar composition in terms 

of saturated, monoene, and polyene fatty 
acids, but differing in the chain length of 
the saturated fatty acids, were given al
ternately to groups of dogs at a level of 
40% of the total calorie intake for periods 
of two weeks. Each experiment also in
cluded two control periods before and after 
the administration of the experimental 
fats, in which a low-fat diet containing 4% 
of fat calories was given.

The glycerides of saturated fatty acids 
of 12- and 14-carbon atoms produced sig
nificantly higher serum cholesterol and 
phospholipid values than either the glyc
erides of 16- and 18-carbon saturated fatty 
acids or of 8- and 10-saturated fatty acids.

When compared with the low-fat diet 
the experimental diets produced the fol
lowing mean increases of serum choles
terol concentration (in mg per 100 ml ±  
SE of the mean): coconut oil, 146 ±  12.0; 
12C mixture (60% of coconut oil, 40% 
of olive oil), 137 ±  9.9; 18C mixture 
(80% oleostock, 20% of totally hydro
genated com oil), 76 ±7.9; MCT mixture 
(a synthetic triglyceride containing mainly 
saturated fatty acids of 8- and 10-carbon
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atoms with 6% of olive oil and 2% of 
safflower oil), 21 ±  8.4. The serum phos
pholipid changes were parallel to those 
of cholesterol. The cholesterol levels pro
duced by the glycerides of saturated fatty 
acids of 8- and 10-carbon atoms were simi
lar to those produced in the dog by oils 
rich in polyunsaturated fatty acids (sun
flower oil) given at the same proportion 
of the total calories.
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Inhibitory Effect of Sulfaguanidine on the Biosynthesis 
of Thiamine in Rats and the Beneficial Role of 
Penicillin and Hydrolyzed Glucose 
Cycloacetoacetate
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University Department of Biochemistry, Nagpur, India

Recent reports by many workers (Lih 
and Baumann, ’51; Sauberlich, ’52; Gug
genheim et al., ’53; Schendel and Johnson, 
’54; Jones and Baumann, ’55; Johansson, 
’56) indicate that penicillin has a sparing 
effect upon the thiamine requirement of 
animals. On the other hand, Gant et al. 
( ’43), Miller ( ’45) and Schonheyder ( ’46) 
observed that sulfonamides had an inhibi
tory effect on the biosynthesis of B vita
mins. Sauberlich ( ’52) has reported that 
the addition of penicillin to the diet 
(0.01% ) caused a marked stimulation in 
the growth of rats fed diets free of or low 
in B vitamins, whereas the addition of 
sulfamerazine even at a level of 0.5% of 
the diet had an inhibitory effect upon 
growth. Recent work of Balkrishnan et al. 
( ’57) shows that the inhibitory effect of 
sulfaguanidine on the intestinal synthesis 
of thiamine could be overcome by feeding 
13 gm of curds per rat daily together with 
sulfaguanidine in the thiamine-free basal 
diet. Scott and Griffith ( ’57) also observed 
the thiamine-sparing action of penicillin 
in weanling rats.

Recently, Barnes et al. ( ’60) studied ex
tensively the thiamine-sparing action of 
penicillin and observed that coprophagy is 
essential for the availability of microbial- 
synthesized thiamine in penicillin-fed ani
mals.

The investigations carried out in this lab
oratory show that hydrolyzed glucose cyclo
acetoacetate (GCA), which was found to 
contain 1:2 dienol glucose (Nath and 
Bhattathiry, ’56) prevented not only ex
perimental diabetes (Nath and Behki, ’57, 
’58) and experimental hyperlipemia in
duced by feeding a high level of saturated 
fat or cholesterol (Nath and Saikia, ’59a,

b, c ), but also stimulated biosynthesis of 
thiamine (Nath and Meghal, ’60).

In this study an attempt was made to 
determine whether penicillin or hydrolyzed 
GCA would prevent the inhibitory effect of 
sulfaguanidine on the intestinal synthesis 
of thiamine in rats when either one was 
fed together with sulfaguanidine in the 
thiamine-inadequate basal diet.

EXPERIMENTAL

Forty-two male weanling albino rats 
(30 to 40 gm each) were fed a thiamine- 
inadequate diet for 5 days. Rats were 
caged individually and fed ad libitum. 
Coprophagy was not prevented during the 
experiment. Weights of animals were re
corded weekly. The composition of the 
thiamine-inadequate basal diet is shown 
in table 1. After a 5-day depletion period, 
groups of 6 animals were subjected to the 
following regimens:

A Basal diet
B Basal diet +  5.6 mg thiamine HC1 

per kg
C Basal diet +  sulfaguanidine
D Basal diet +  penicillin
E Basal diet +  sulfaguanidine +

penicillin
F Basal diet +  hydrolyzed GCA
G Basal diet +  sulfaguanidine +  hy

drolyzed GCA
Fifty milligrams of crystalline potassium 

penicillin G were added per kg to the diets 
of the groups receiving penicillin. Daily 
doses of sulfaguanidine and hydrolyzed 
GCA were 25 mg and 80 mg per rat, re
spectively.
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TABLE 1

Composition of basal diet

Major components
gm

Vitamin-free casein1 25
Dextrin 20
Groundnut oil 15
Sucrose 33
Salts2 4
Choline chloride 0.3
B vitamins in sucrose 2
Fat-soluble vitamins in corn oil 1

Total

B vitamins in 2.0 gm of sucrose

100.3

mg
Thiamine HC1 0.04
Riboflavin 0.80
Pyridoxine ■ HC1 0.40
Ca pantothenate 4.00
Niacin 4.00
Inositol 20.00
Biotin 0.02
Folic acid 0.20
Vitamin B12 0.03
Menadione 1.00

Fat soluble vitamins in 1.0 gm of corn oil
mg

Vitamin A acetate 0.31
Vitamin D 0.0045
a-Tocopheryl acetate 5.00

1 Commercial casein extracted with acid alcohol 
for 4 hours.

2 Hubbel et al. ( ’37).

The animals were fed the respective 
diets for 4 weeks. Urine and feces were 
collected the last three days of each week. 
Urinary thiamine content was determined 
according to the method of Mawson and 
Thompson ( ’48), and that of fecal thia
mine by the method adopted by the Associ
ation of Vitamin Chemists ( ’51).

During the 4 weeks of experiment, the 
weekly fecal coliform count was taken of 
three rats from each group. The feces of 
each rat were collected aseptically on the 
last three days of the week in weighed 
sterile test tubes and a uniform suspen
sion of about 0.1 gm of feces with 10 ml 
of saline (0.9% NaCl solution) was made 
under aseptic conditions. Further dilutions 
were made with the saline, and the coli
form colonies in the feces were counted by 
the plate method using Mackonkey’s agar 
medium (Balakrishnan and Rajagopalan, 
’52).

At the end of fourth week all animals 
were killed by a sharp blow on the head and

their ceca and livers excised. The contents 
of each cecum were expelled into small 
glass-stoppered bottles and frozen imme
diately. Each liver was weighed and frozen 
and the thiamine content of each sample 
was determined by the method of Kratzing 
and Slater ( ’50). The cecal contents were 
weighed and digested in a flask with a 
sufficient amount of 0.1 n  HC1; samples 
were then prepared in the recommended 
manner and total thiamine was estimated 
by the method of Hennessey and Cerecedo 
( ’39).

GCA was prepared by condensing glu
cose with ethylacetoacetate as described by 
West ( ’27) and modified by Nath et al. 
( ‘52). ft was hydrolyzed as follows.

In a 50-ml conical flask 2 gm of crystal
line GCA were hydrolyzed with 2 n  HC1 
over a boiling water bath for 20 minutes. 
The flask was cooled over ice and the con
tents were neutralized to about pH 7. The 
hydrolysate was extracted three times 
with ether; the aqueous fraction was sep
arated and adjusted carefully to pH 7.2 
with a few drops of 2 n  NaOH, using 
Merck special indicator paper (pH range
6.6 to 8.0), then diluted with water so 
that it contained the equivalent of 80 mg 
of GCA per ml.

RESULTS

The daily urinary and fecal excretion 
of thiamine increased in the groups receiv
ing penicillin and hydrolyzed GCA, either 
in combination with sulfaguanidine or 
alone (table 2). Sulfaguanidine, when ad
ministered at a dose of 25 mg per rat 
daily, decreased the urinary and fecal ex
cretion of thiamine during the experiment; 
rats of this group showed symptoms of thi
amine deficiency such as polyneuritis and 
loss of appetite. The increase in urinary 
and fecal excretion of thiamine gives an 
indication of thiamine synthesis. In group 
A (controls) although urinary and fecal 
excretion of thiamine decreased, the de
crease was not as low as that in group C 
(sulfaguanidine-fed), thereby indicating 
that the intestinal synthesis was inhibited 
to a great extent in group C. However, it 
was found that this inhibitory effect of 
sulfaguanidine could be overcome by feed
ing either penicillin or hydrolyzed GCA in 
the basal diet.
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TABLE 3

Effect of different treatments on liver and cecal thiamine content of 6 rats

Group Treatment Total liver1 
thiamine Liver thiamine1 Total cecal1 

thiamine

A Basal diet (control)
fig

2.17 ±  0.022
M/gm  

1.22 ± 0 .0 4
fig

2 .1 6±0 .0 8

B Thiamine-supplemented basal diet 14.40 ± 0 .0 7 2.80 ±  0.07s 2.87 ± 0 .0 8

C Sulfaguanidine in basal diet 1 .32±  0.08 0.33 ± 0 .0 2 1.31 ±0 .0 1

D Penicillin in basal diet 10.5 ± 0 .3 2 2.51 ±  0.04s 2.58 ± 0 .1 4

E Sulfaguanidine +penicillin in 
basal diet

4.22 ±  0.18 1.44 ±  0.04s 2.12 ± 0 .0 7

F Hydrolyzed GCA in basal diet 6.03 ± 0 .6 0 1.51 ±  0.04s 2.58 ±  0.14

G Sulfaguanidine +  hydrolyzed GCA 
in basal diet

4.20 ± 0 .5 9 1 .4 6±  0.074 2.20 ±  0.24

1 On wet-weight basis.
2 Standard error of the mean.
3 Significant difference from group A at P <  0.01.
4 Significant difference from group A at P <  0.02.

In table 3 are presented data showing 
the hepatic and cecal thiamine content. 
The thiamine content of liver was higher 
in groups receiving penicillin, hydrolyzed 
GCA and sufficient thiamine and these 
values are statistically significant (P < 
0.01) when compared with controls. The 
hepatic level of thiamine is significantly 
reduced in group C (P < 0.01); but feed
ing of either penicillin or hydrolyzed GCA 
along with sulfaguanidine in the basal 
diet maintained the hepatic storage of 
thiamine to a significant level (P < 0.01). 
The cecal thiamine content increased in 
all groups except in group C where it was 
decreased.

The weekly weights of animals in the 
different groups are shown in figure 1. The 
thiamine-sparing action of penicillin or 
hydrolyzed GCA is evidenced by a constant 
increase in the body weights of rats in 
these groups, whereas the sulfaguanidine- 
fed group shows a decrease in weight 
throughout the experiment. However, it 
was found that this inhibitory effect of 
sulfaguanidine could be overcome by peni
cillin or hydrolyzed GCA because these 
groups did not lose body weight.

In figure 2 are presented the weekly 
fecal coliform counts. Sulfaguanidine 
alone decreased the coliform count, which 
was lowest in the fourth week.

Hydrolyzed GCA increased the fecal coli
form count throughout the experiment and

------------------  WITHOUT SULFAGUANIDINE

------------------ WITH SULFAGUANIDINE

Fig. 1 Average growth rate of rats during the 
experiment.

Group A, fed basal diet (control)
Group B, fed thiamine-supplemented basal diet 
Group C, fed sulfaguanidine in basal diet 
Group D, fed penicillin in basal diet
Group E, fed sulfaguanidine +  penicillin in 

basal diet

Group F, fed hydrolyzed glucose cycloaceto- 
acetate (GCA)

Group G, fed sulfaguanidine +  hydrolyzed GCA
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WITHOUT SULFAGUANIDINE 

WITH SULFAGUANIDINE

Fig. 2 Total fecal coliform count during the 
experiment; average values expressed as 10~4 per 
gram of wet feces.

Group A, fed basal diet (control)
Group B, fed thiamine-supplemented basal diet
Group C, fed sulfaguanidine in basal diet
Group D, fed penicillin in basal diet
Group E, fed sulfaguanidine +  penicillin in 

basal diet
Group F, fed hydrolyzed glucose cycloacetoace- 

tate (GCA)
Group G, fed sulfaguanidine +  hydrolyzed GCA

prevented the inhibitory action of sulfa
guanidine on the coliform count. It ap
pears that penicillin had no appreciable 
effect on coliform count.

DISCUSSION

Oral administration of penicillin has 
been observed to spare thiamine in rats 
(Lih and Baumann, ’51; Sauberlich, ’52; 
Guggenheim et ah, ’53; Schendel and 
Johnson, ’54) and various suggestions 
have been made as to the mechanism of 
the thiamine-sparing action of penicillin. 
For example penicillin may spare thiamine 
by (1 ) increasing its absorption from the 
diet, (2 ) preventing its bacterial destruc
tion or utilization in the tract, or (3 ) in
creasing its intestinal synthesis. But re
cent reports of Mameesh et al. ( ’59) and 
Barnes et al. ( ’60) show that penicillin is

effective in sparing thiamine only when 
coprophagy is allowed; they have further 
shown that penicillin increases fecal ex
cretion of thiamine which is available to 
animals after coprophagy. Our results also 
confirm the observations of these workers. 
Penicillin increased the urinary and fecal 
excretion of thiamine, and the storage of 
thiamine in the liver. This indicates that 
penicillin stimulated intestinal synthesis 
of thiamine that was available only after 
coprophagy.

This action of penicillin may be due to 
the increase in intestinal flora and decrease 
in the thiamine utilizing or destroying bac
teria in the intestine, because penicillin 
does not spare thiamine when injected 
intraperitoneally (Guggenheim, ’53; Jo- 
hanssen, ’57).

The inhibitory effect of sulfaguanidine 
on the biosynthesis of thiamine was ob
served in this study also. Sulfaguanidine 
suppresses the growth of coliform organ
isms which are known to be important in 
the synthesis of thiamine. The inhibitory 
effect of sulfaguanidine in thiamine bio
synthesis has been reported by Balakrish- 
nan et al. ( ’57), who showed further that 
this effect of sulfaguanidine could be over
come by feeding curds to rats. In the 
present study the effect of penicillin in 
overcoming the inhibiting effect of sulfa
guanidine has also been demonstrated.

Hydrolyzed GCA which has already been 
reported to enhance the biosynthesis of thi
amine (Nath and Meghal, ’60) and pre
vent the thiamine deficiency caused by 
feeding glucose or sucrose at a 10% level 
in carbohydrate - free thiamine - deficient 
diets (Nath and Meghal, ’61), was found 
to spare thiamine in the presence of sulfa
guanidine. Rats in this group showed a 
higher cecal coliform count with an in
crease in the urinary and fecal excre
tion of thiamine, thus enhancing thia
mine synthesis. Thiamine thus synthe
sized by intestinal flora is excreted in the 
feces and is available to animals after 
coprophagy (Barnes et al., ’60).

SUMMARY

When rats were fed sulfaguanidine to
gether with a thiamine-low basal diet, 
urinary and fecal thiamine excretion de
creased, and the animals showed symp
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toms of thiamine deficiency; thus an in
hibitory effect of sulfaguanidine on the 
intestinal synthesis of thiamine was indi
cated. This inhibitory effect could be over
come by feeding either penicillin or hydro
lyzed glucose cycloacetoacetate. Rats thus 
fed showed an increase in the urinary and 
fecal excretion of thiamine, with a higher 
thiamine content in the liver. Inclusion 
of either penicillin or hydrolyzed glucose 
cycloacetoacetate promoted better growth 
with the use of thiamine-low diets. This 
observation indicates that both compounds 
enhanced the thiamine synthesis by the in
testinal flora and caused an increase in 
fecal thiamine, which was ultimately avail
able to the rats after coprophagy.
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Effect of Purified Diets on the Fatty Acid Composition 
of Sheep Tallow''2

S. B. TOVE A N D  G. MATRONE
Animal Nutrition Section of the Department of Animal Industry, 
North Carolina State College, Raleigh, North Carolina

During an investigation (Matrone et al., 
’57, ’59) of purified diets for ruminants, 
it was observed that a sample of rendered 
fat obtained from one of the animals on ex
periment remained liquid at room tempera
ture. Analysis of the fatty acid composi
tion of this sample revealed that the level 
of stearic acid was considerably lower 
than that reported for sheep tallow 
(Hilditch and Pedelty, ’41; Brooker and 
Shorland, ’50). Since the purified diet 
contained 4% of fat, the low level of 
stearate was even more unexpected inas
much as the usual fate of dietary fatty 
acids in ruminants is hydrogenation re
sulting in increased stearic acid levels in 
the depot fat (Willey et al., ’52; Garton, 
’60; Tove, ’60).

Following this initial observation the in
vestigation reported herein was under
taken to: (a ) further characterize the
depot fat of sheep fed purified diets and 
(b ) determine, if possible, the cause of 
the unusual fatty acid composition of de
pot fats associated with these diets.

EXPERIMENTAL

For the characterization phase, sam
ples of inguinal subcutaneous adipose tis
sue were obtained by biopsy from 30 
sheep fed various purified diets (Matrone 
et al., ’57, ’59), all of which basically in
volved combinations of the following in
gredients: casein, glucose, starch, hydro
genated vegetable fat,3 salts of volatile 
fatty acids, glycerol, triacetin, vitamins,  ̂
and minerals plus sodium and potassium 
bicarbonates. Control samples were ob
tained from 4 normal sheep on pasture.

The objective of the second phase of the 
investigation was to determine the effect 
of the dietary fat on the fatty acid com
position of the depot fat, particularly since 
the hydrogenated vegetable fat was com

mon to all purified diets. An additional 
reason for checking out this dietary fat 
was that it was known to contain large 
quantities of transisomers. This experi
ment was conducted with 8 lambs with an 
average initial weight of approximately 
50 pounds. It involved two replications of 
a 2 X 2 factorial design in which the vari
ables were (1 ) 4% of lard compared with 
4% of hydrogenated vegetable fat, and 
(2 ) a casein-glucose-starch purified diet 
supplemented with sodium and potassium 
bicarbonates, similar to diet 1 (Na plus K) 
(Matrone et al., ’59), compared with a 
diet containing 50% of alfalfa hay and 
46% of grain (made up of equal parts of 
corn and oats). Three samples of inguinal 
subcutaneous adipose tissue (0.2 to 1.0 
gm) were taken by biopsy from each ani
mal: the first was taken 6 weeks after in
itiation of the experiment and the other 
two at three-week intervals thereafter. At 
the end of the experiment a 30-gm sample 
of mesenteric adipose tissue was obtained 
from each animal by biopsy for analyses 
of transisomers. At the termination of 
the experiment samples of rumen fluid 
from each animal also were taken at pre
determined intervals for fatty acid anal
yses.

The samples of inguinal subcutaneous 
adipose tissue were homogenized with 20 
ml of a mixture of alcohol and ether
Received for publication November 2, 1961.1 Contribution from the Animal Industry Department, North Carolina Agricultural Experiment Station, Raleigh, North Carolina. Published with the approval of the Director of Research as Paper no. 1384 of the Journal Series.2 Supported in part by funds from the U. S. Public Health Service, Grant A-2483, and a grant from the Herman Frasch Foundation.3 Primex BC, hydrogenated vegetable fat, kindly donated by The Procter and Gamble Company, Cincinnati.4 The authors wish to thank Hoffmann-LaRoche, Inc., Nutley, New Jersey, for the biotin; the R. P. Scherer Corporation, Detroit, for vitamins A and D; and Merck and Company, Inc., Rahway, New Jersey, for all other vitamins.
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(3 :1 ). The homogenates were brought to 
a boil, filtered through a sintered glass 
funnel and the solvents removed on a 
steam bath. The methyl esters of the fatty 
acids were obtained by transesterification 
in a medium consisting of 20 ml of 
methanol containing 5% of hydrogen 
chloride, 1 ml of 2,2-dimethoxypropane 
and sufficient benzene (2 to 5 ml) to form 
a homogeneous solution. The solution 
was allowed to remain overnight at room 
temperature, and the methyl esters of 
the fatty acids were extracted with hexane 
and thoroughly washed with water.

Samples of rumen fluid were saponified 
with KOH, the fatty acids isolated and 
converted to the methyl esters by means 
of the same procedure used for trans
methylation.

The fatty acid composition was deter
mined by gas chromatography on a 4-foot 
column of succinate-ethylene glycol poly
ester on Celite (Tove and Smith, ’60).

Analysis of transisomers was carried 
out by measuring the infrared absorption, 
at 10.34 u, of the free fatty acids dissolved 
in carbon disulfide. Elaidic acid5 was 
used as a standard.

RESULTS

The striking contrast in physical con
sistency between the sheep fat on which 
the original observation was made and tal
low from a normal animal is shown in fig
ure 1.

The fatty acid analysis of the biopsy 
samples from the sheep fed the various 
purified diets revealed no significant dif
ferences in fatty acid composition that 
were associated with a particular diet. How
ever, the fatty acid composition of all of the 
animals fed the purified diet was differ
ent from that of the normal animals (table 
1). The percentages of stearic acid and 
palmitic acid were lower in the sheep fed 
the purified diets, and these were counter
balanced by corresponding increases in 
the levels of oleate and palmitoleate. The 
fatty acid composition of the normal ani
mals was in agreement with that reported 
by other investigators (Hilditch and 
Pedelty, ’41; Brooker and Shorland, ’50).

The average gain of lambs fed the puri
fied diets in the factorial experiment was
5 Mann Research Laboratories, Inc., New York.

Fig. 1 Tallow from normal and purified-diet-fed sheep. The liquid tallow is the sample on 
which the effect of a purified diet on sheep tallow was first observed.
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0.36 pounds per day; for those fed the hay- 
grain diet, 0.31 pounds per day.

The fatty acid analyses of the samples 
of inguinal subcutaneous adipose tissues 
of these animals are shown in table 1. 
Averages of the three tissue samples ob
tained from each animal are presented 
since there was little change in the fatty 
acid composition among time intervals. 
Two dietary effects on the fatty acid com
position of the depot fat were observed. The 
more apparent of these was that the re
duced percentage of stearate was associ
ated with the purified diets, and that the 
type of fat fed had no effect on the level 
of this acid even though the percentage 
of stearic acid in the dietary fats varied 
widely (table 2). But the level of the 18- 
carbon monoenoic acids in the tallows 
from the sheep fed both purified and hay 
diets with hydrogenated vegetable oil was 
higher than the levels in the depot fat of 
the corresponding lard-fed animals. The 
higher levels of the 18-carbon monoenoic 
acids were counterbalanced by lower levels 
of palmitate. Moreover, the percentages of 
the 18-carbon monoenoic acids and pal
mitic acid in the sheep tallows reflected 
the levels of these acids in the dietary fats 
(table 2).

The average fatty acid composition of 
the samples of mesenteric adipose tissue 
is shown in table 3. Unlike the inguinal 
samples (table 1), the level of total 18- 
carbon monoenoic acids in the mesenteric 
fat of the animals fed the hay diets was 
somewhat lower than the levels in the cor
responding sheep fed the purified diet. The 
levels of transisomers in the depot fats 
are clearly indicative of the deposition of 
these acids from the dietary fat. More
over, when the total 18-carbon monoenoic 
acids were corrected for the transisomers, 
the differences in oleic acid content as
sociated with the 4 diets became accentu
ated. With the exception of the 18-carbon 
monoenoic acids, essentially the same pat
tern of fatty acid deposition was observed 
with the mesenteric fat (table 3) as with 
the inguinal subcutaneous fat (table 1); 
however, the dietary differences were far 
more striking with the mesenteric tissue. 
This was particularly noticeable with 
stearic acid where the level in the mesen
teric fat of the hay-fed animals was
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TABLE 2
F atty  acid  com p osition  o f  the dietary fa ts

Fatty acid1

Diet 14:0 14:1 16:0 16:1 18:0
Total

18:1

Cis Trans2

18:2 18:3

% % % % % % % % % %
Purified-vegetable 1.6 0.1 17.5 0.6 8.5 68.8 32.2 36.6 2.7 —
Purified-lard 2.0 0.1 27.7 3.2 16.6 42.5 41.2 1.3 6.6 1.2
H av-vegetable 0.4 0.6 13.8 trace 4.4 54.4 — — 24.5 1.7
H ay-lard 1.5 0.3 26.2 1.5 9.2 39.2 — — 20.1 1.9

1 The first number refers to the number o f carbon atoms; the second, to the number o f double bonds.
2 All of the transisomers were assumed to be 18-carbon monoenoie acids.

TABLE 3
F atty acid  com p osition  o f  m esen ter ic  adipose tissu e o f  sheep

Fatty acid1

Diet 14:0 16:0 16:1 18:0
Total

18:1

Cis Trans2

18:2

% % % % % % % %
Purified-vegetable 2.1 21.6 5.0 18.7 51.0 30.7 20.3 0.8
Purified-lard 3.3 26.2 4.6 22.1 42.1 38.1 4.0 1.2
H ay-vegetable 1.9 19.6 1.9 40 .2 33.7 17.1 16.6 1.8
H ay-lard 1.6 24.2 2.6 39.0 30.6 22.6 8.0 1.3

1 The first number refers to the number o f carbon atoms; the second, to the number o f double 
bonds.

2 A ll o f the transisomers were assumed to be 18-carbon monoenoie acids.

double that of the sheep that received the 
purified diets.

Reduced hydrogenation of unsaturated 
fatty acids by the rumen microflora of the 
sheep fed the purified diets was also evi
dent in the fatty acid composition of the 
rumen contents. In general the same pat
terns of fatty acid distribution associated 
with the 4 diets that were observed for the 
sheep tallow were noted for the rumen 
lipids (fig. 2). The level of stearic acid in 
the rumen fat of the sheep fed the hay 
diets was appreciably higher than the level 
in the rumen lipids of the animals fed the 
purified diet. The level of 18-carbon 
monoenoie acids in the rumen fat of the 
animals ingesting a purified diet also ex
ceeded that of the corresponding hay diet. 
In addition, the level of 18-carbon mono- 
enoic acids was also observed to be associ
ated with the dietary fat, probably reflect
ing the content of transisomers in the 
dietary fats. Perhaps the most striking 
feature of these data, however, was the 
low percentage of linoleic acid in the 
rumen fat (fig. 2). This was particularly 
unexpected for the samples taken at one 
and three hours when the animals were

ingesting fat containing as much as 20% 
of linoleic acid. The eightfold difference 
between the dietary and rumen levels of 
linoleic acid is indicative of the rapidity 
of the hydrogenation by the rumen micro
flora of the animals fed the hay-grain 
diets.

DISCUSSION

Although dietary unsaturated fatty acids 
are readily deposited in the depot fat by 
simple-stomach animals, the presence of 
unsaturated fatty acids in the diet of 
ruminants is accompanied by an increased 
deposition of saturated fatty acids by these 
animals (Willey et al., ’52; Tove, ’60). 
This species difference results because the 
dietary unsaturated acids are hydrogen
ated by the microorganisms that inhabit 
the rumen6 (Shorland et al., ’57; Hoflund 
et al., ’56). If fat is administered par- 
enterally, bypassing the rumen, the un
saturated acids of the injected fat are 
found in the animal fat (Tove, ’60). Simi
larly, if rumen hydrogenation was re
duced, a decreased level of stearate and

6 Reiser, R. 1951 Hydrogenation o f polyunsatu
rated fatty acids by the ruminant. Federation Proc., 
10: 236 (abstract).
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an increased level of unsaturated fatty 
acids in the depot fat might be expected. 
The observations reported herein are con
sistent with this thesis. Sheep that were 
fed the purified diets deposited more 
oleate and less stearate than hay-fed ani
mals or normally grazing animals. More
over, similar differences were noted for the 
percentages of these acids in the rumen 
lipids of sheep fed the purified diets as 
contrasted with the rumen lipids from 
hay-fed animals. Conversely, the level of 
stearate in the dietary fat bore no relation 
to levels of this acid in either the depot fat 
or rumen lipid, nor was the level of oleate 
in the dietary fat correlated with its con
tent in depot fat.

The high content of soluble carbohy
drate in the purified diets appears to be 
the most likely feature common to all of 
these diets that could account for the ob
served reduced hydrogenation of the un
saturated fatty acids. Its mode of action 
is unknown, however, although it is prob
ably indirect. The rumen flora of the ani
mals fed the purified diet has been shown 
to be morphologically different from that 
of normal animals.7 Examination of the 
rumen fluid of the animals studied in the 
characterization phase revealed a special
ized flora of large, gram positive strepto
cocci and diplococci; fermentation gas 
analyses showed C02, CH* and no H2 for 
all animals fed roughage-free purified 
diets. Thus it is possible that the hydro
genation capacity of these organisms is 
reduced because of a lowered activity of a 
fatty acid saturase, reduced concentration 
of a hydrogen donor compound or produc
tion of an inhibitor of the saturase. Which 
of these possibilities is involved, if any, re
mains for future experimentation. Since 
the linoleic acid content of the sheep tal
lows from the lard-fed animals was the 
same as that from those fed the vegetable 
fat, it is clear that hydrogenation of lino
leic acid was carried out by the flora as
sociated with the purified diets. Recently, 
Shaw et al. ( ’60) reported that the iodine 
number of tallow from steers fed finely 
ground pelleted hay and steamed corn was 
less than that from steers fed chopped hay 
and ground com. They also noted an al
tered rumen fermentation as evidenced by 
a change in the proportions of acetate and

propionate produced. Since steam heating 
the corn would increase its soluble carbo
hydrate, these observations are not incon
sistent with those reported herein.

Transisomers of unsaturated fatty acids 
occur in relatively large amounts in the 
depot fat of ruminants (Hartman et al., 
’54) and the source of these acids has 
been shown to be the rumen contents with 
the development of the transacids accom
panying the partial hydrogenation of the 
unsaturated fatty acids (Shorland et al., 
’57). The hydrogenated vegetable fat 
used in the study described in this report 
contained appreciable quantities of trans
isomers that were deposited in the tallows 
of sheep fed this fat. Since the same 
levels of transacids were observed in the 
depot fat of sheep fed either the purified- 
vegetable fat diet or hay-vegetable fat 
diet, it would seem apparent that trans
isomers of unsaturated fatty acids are 
resistant to hydrogenation.

SUMMARY

The tallow from sheep fed purified diets 
contained less stearate and more oleate 
than tallow from either sheep fed hay- 
grain diets or grazing animals. In some 
instances, the altered fatty acid distribu
tion was sufficient to result in a tallow 
that was a liquid at room temperature. 
It is probable that less hydrogenation of 
unsaturated fatty acids was carried out by 
the rumen microorganisms of the sheep 
fed the purified diet, because the stearate 
level of the lipid of the rumen contents 
was appreciably less than that of the hay- 
fed animals. A high content of transacids 
in the dietary fat resulted in high levels of 
transacids in the sheep tallow irrespective 
of the remainder of the diet, indicating 
the resistance of the transisomers to hy
drogenation by the rumen flora.
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Effect of Restricting the Hours of Feeding Upon Dental 
D ecay in the Rat* 1

CAREY D. MILLER
Foods and Nutrition Department, Hawaii Agricultural Experiment 
Station, University of Hawaii, Honolulu, Hawaii

Several investigators have reported a 
reduction in dental decay when the diets 
of experimental animals (rats and ham
sters) were restricted to a definite percent
age of the diet consumed by the controls. 
Shaw ( ’50), using white rats, fed three 
groups of 8 rats each (1 ) a cariogenic 
diet ad libitum, (2 ) 60% of the diet eaten 
by the control in group 1, and (3 ) 40% 
of the weight of the diet eaten by a suit
able control in group 1. The rats restricted 
to 40% of the diet eaten by the controls 
showed a significantly low average inci
dence of dental caries, whereas those con
suming 60% had less caries but not a 
statistically significant lower dental caries 
rate than their control littermates. He 
states these results are comparable to those 
he found for cotton rats.

Bixler and Muhler ( ’58), using a coarse 
corn diet, showed a marked reduction in 
dental caries when rats were restricted to 
60% and to 40% of the daily food con
sumption of the control rats fed ad libitum. 
Dalderup and Jansen ( ’56) suggest that 
the reduction in caries with restricted feed
ing is a result of the food remaining in the 
mouth for a shorter time rather than a 
smaller intake of food.

Bibby ( ’55), after reviewing the work 
of others and presenting his studies with 
humans, concluded that “the frequency 
of eating carbohydrate or sugar-containing 
foods is a most important factor in deter
mining the caries activity of foods.”

The outstanding work of Lundqvist 
( ’52) on oral sugar clearance using the 
human subjects of the Vipeholm study in 
Sweden (Gustafsson et al., ’54) is prob
ably the most extensive research in this 
field. Among other conclusions he states, 
“a high sugar concentration in the saliva, 
in conjunction with a prolonged clearance

time, entails increased caries activity.” He 
points out the value of rinsing the mouth 
with water after meals or after taking any 
foods between meals.

Of great interest is the report of Weiss 
and Trihart (’60) who studied the between- 
meal eating habits of 783 preschool chil
dren whose mean age was approximately 
5% years. They found a “direct and con
sistent relationship” between the number 
of defective teeth and the frequency of 
eating “sweet” or “sticky” items, or both, 
between meals. Children who reported no 
such items between meals had 3.3 def2 
teeth per child, whereas those who re
ported 4 or more had 9.8 def teeth per 
child. Prior to the appearance of that re
port, the feeding experiments with rats 
here reported had been completed.

The paper which follows reports the 
results of restricting the consumption of a 
cariogenic diet for rats on a time basis, 
rather than on a percentage of the food 
eaten by the control rats, and noting the 
effect upon dental decay.

EXPERIMENTAL
The mothers of all rats received semi

natural diet 15 consisting of the following 
in grams: skim milk powder, 350; whole 
wheat flour, “fine grind,” 650; cornmeal, 
150; white flour (enriched), 150; brown 
rice flour, 150; soybean flour, 100; yeast, 
30; cottonseed oil,3 46; cod liver oil, 4; 
salt mixture, 10; and iodized salt, 10; all 
ground to pass a 28-mesh sieve (Miller 
and Schlack, ’58). For all dental caries 
experiments here reported, all ingredients

Received for  publication October 6, 1961.
1 Published with the approval o f the Director o f 

the Hawaii Agricultural Experiment Station as Tech
nical Paper no. 547.

2 def indicates decayed, indicated for  extraction, 
and filled teeth.

3 Wesson Oil, Wesson Oil Company, New Orleans, 
Louisiana.

2 7 8 J. N u t r it io n , 76 : ’62
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for diet 15 were ground to pass through 
a 48-mesh sieve. Diet 18 was the same as 
diet 15 except that 17% of the whole 
wheat flour was replaced by powdered su
crose containing 3% of cornstarch, and 
again all ingredients were fine enough to 
pass through a 48-mesh sieve.

Three experiments were carried out. The 
first involved two groups of 20 rats each, 
both were fed cariogenic diet 18, but one 
group was used to establish the restricted 
regimen described below. The details of 
this pilot experiment are not reported here, 
but there was such an unexpected reduc
tion in dental caries from an average of 
6.10 carious teeth and 9.35 carious areas 
per rat for those fed the cariogenic diet 
ad libitum, to 0.95 carious teeth and 1.0 
carious area per rat for those on the re
stricted regimen that additional work was 
planned and reported here as experiments 
1 and 2. All rats were weaned at three 
weeks of age and maintained in individual 
cages for the experimental period of 
100 days.

The diets, the experimental period, treat
ment of the jaws, and the technique of 
examining and scoring the teeth were the 
same as reported previously (Miller and 
Schlack, ’58; Miller, ’58).

Experiment 1. Eight litters of rats were 
divided into three littermate groups of 20 
each. The rats had access at all times to 
two of the diets; diet 15, our stock diet, 
referred to as a semi-natural diet (group 1), 
and diet 18 in which 17% of the whole 
wheat flour of diet 15 was replaced with 
powdered sucrose containing 3% of corn
starch (group 2). For diet 18R (group 3), 
the same diet 18 was used but the time 
the rats had access to the food was greatly 
limited by a plan applied uniformly to 
all rats in this group. The ingredients of 
all the diets were fine enough to pass 
through a 48-mesh sieve.

The restricted feeding regimen was as 
follows. The first week after weaning, 
diet 18 was fed ad libitum day and night 
for three days; then for two days the diet 
was available overnight but not all day; 
and for the next two days, the rats were 
fed two times a day but not at night. Be
ginning with the second week and con
tinuing to the end of the experiment,

4 days of the week (Tuesday, Wednesday, 
Thursday, and Friday), the rats were fed 
two times a day, two hours in the morn
ing from about 8 to 1 0  a .m ., and two hours 
in the afternoon from 2 to 4 p .m . On Sat
urday they were fed for one hour in the 
morning (8 to 9 a .m . ) ,  after which the 
food cups were removed. From 12 noon 
Saturday until Monday at 8 a .m ., the rats 
had access to the food at all times. On 
Monday morning, food cups were removed 
from the cages and again replaced from 
1 to 3 p .m . It was found necessary to mod
ify the more restricted regimen as indi
cated above for the first week in order to 
have the rats thrive and grow normally. 
It was thus possible, after the first week, 
to restrict rats in group 3 to 63 hours per 
week when they could eat the diet as com
pared with those fed ad libitum who could, 
if they desired, eat at frequent intervals 
for 168 hours per week.

Experiment 2. As 15 litters were needed 
for this experiment, and our small breed
ing colony does not produce this number 
at one time, the young were started on 
the experimental regimen as they became 
available. Each litter was divided among 
6 groups fed as follows: group 1, diet 15, 
ad libitum; group 2, diet 18, ad libitum; 
group 3, diet 18R, same as diet 18 but 
restricted for feeding time as described 
above; group 4, diet 18R with a supple
ment of cookies (commercial vanilla wa
fers); group 5, diet 18R, with a supple
ment of cooked green soybeans;4 group 6, 
diet 18R with a supplement of fresh whole 
milk. The quantities of the supplements 
were planned to contribute the approxi
mate isocaloric values of the basal diet 
that the rats missed by not having access 
to the basal diet at all times. The rats 
usually ate the supplements at once, espe
cially the cookies, although some took a 
longer time to consume the milk and soy
beans. The supplements were relatively 
small. For example, the male rats were 
given 3 gm of cookies or 16 ml of milk 
daily, divided between morning and after

4 Children o f Oriental ancestry in Hawaii sometimes 
eat green soybeans, boiled in  the pods, between meals. 
They pop the cooked soybeans from  the pods into 
their mouths — a good health habit compared with 
the constant between-meal eating o f sweet and sticky 
products.
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noon feedings for the first half of the ex
periment, and 4 gm of cookies or 22 ml 
milk for the remainder of the experimental 
period of 100 days. For all female rats the 
amounts were less because of their smaller 
size and lower food consumption. These 
supplements were fed two times a day 
when the foc-d cups containing the basal 
diets were removed from the cages. The 
quantities of the supplements the rats 
would have had if the regimen for Mon
day, Saturday, and Sunday could have 
been the same as for Tuesday, Wednesday, 
Thursday, and Friday were divided be
tween Monday and Saturday, so that by 
Saturday noon, if the rats had not com
pleted their supplements by the time the 
food cups were replaced, they had both 
the basal diet and the supplement. The 
aim was to learn whether the type of food 
used for the supplements would influence 
dental decay, much as one might expect 
between-meal eating to influence oral con
ditions in the mouths of children.

Prior to subjecting the data to evalua
tion by analysis of variance the original 
observations were, in all cases, subjected 
to transformation (Snedecor, ’57, pp. 314- 
321). The specific transformations used 
were (n +  % ) V2 for the number (n ) of 
defective teeth and for the numbers of 
carious areas, and the log.» (s + 1) for 
the caries scores (s).

RESULTS AND DISCUSSION

The results for experiment 1 are sum
marized in tables 1 and 2, and for experi
ment 2 in tables 3 and 4. For both ex
periments, the rats fed the restricted diets 
consumed about 80% as much food as the 
unrestricted rats, which is considerably 
more than the 60 and 40% that has been 
used by other investigators. Although the 
rats fed the restricted diet did not weigh 
as much as unrestricted rats, they ap
peared healthy and in good condition when 
killed. A study of their growth, weight, 
body length, and visceral fat will be the 
subject of another paper and will not be 
discussed here except to note that for both 
experiments 1 and 2 the restricted rats ate 
about 80% as much as the unrestricted, 
and their terminal weights were also about 
80% of the unrestricted (tables 1 and 3).

As in previous experiments, the teeth 
of rats fed diet 15 were in much better 
condition than those fed diet 18 ad libitum 
(tables 2 and 4), there being a statistically 
significant difference at the 1% level for 
the usual three criteria.

As observed for the pilot experiment, 
a great reduction in dental caries resulted 
when the rats had restricted access to the 
cariogenic diet and were without food for 
5 nights, which is the natural feeding time 
for these nocturnal animals. There were 
significantly lower values (P < 0.01, tables

TABLE 1
Summary of results of feeding a semi-natural diet, and a cariogenic diet 

ad libitum and restricted

Diets 15 18 18R
(restricted)

No. of rats 20 20 20
Rats with caries 16 20 9
Rats with caries, % 80 100 45
Carious teeth, total no. 46 141 18
Carious teeth per rat 2.30 7.05 0.90
Carious areas, total 61 228 18
Carious areas per rat 3.05 11.40 0.90
Caries score, total 87 358 18
Caries score per rat 4.35 17.90 0.90
Mean weight, males, gm 342 356 288
Mean weight, females, gm 228 236 195
Average food consumption per

rat for 100 days, gm
Males 1585 1260
Females 1235 991
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TABLE 2
Transformed (SR and L) means, successive differences, rectified treatment means, and differences

required for significance (H.S.D.) (exp. 1 )

Group Diet
Teeth Carious areas Scores

SR Ai N ' SR A N' L A S'

3 18R 1.014 0.65 1.014 0.65 0.203 0.60
1 15 1.516 0.502 1.92 1.672 0.658 2.42 0.564 0.361 2 .66
2 18 2.698 1.182 6.90 3.376 1.704 11.02 1.229 0.665 15.94

H .S.D .2 (P  <  0 .0 1 ) 0.499 0.637 0.282

1 Successive mean differences.
2 Highly significant difference.

TABLE 3
Summary of results of feeding a semi-natural diet and a cariogenic diet ad libitum, and a cariogenic 

diet restricted, with and without supplements (exp. 2)

Diets 15 18 18R
18R +
green

soybeans
18R +

cookies
18R + 
whole 
milk

No. of rats 20 20 20 20 20 20
Rats with caries 12 20 7 4 12 7
Rats with caries, % 60 100 35 20 60 35
Carious teeth, total no. 23 123 14 8 42 11
Carious teeth per rat 1.15 6.15 0.70 0.40 2.10 0.55
Carious areas, total 26 204 15 8 50 11
Carious areas per rat 1.30 10.2 0.75 0.40 25.0 0.55
Caries scores, total 29 329 17 8 57 12
Caries score per rat 1.45 16.45 0.85 0.40 2.85 0.6
Mean weight, males, gm 331 335 266 295 275 283
Mean weight, females, gm 215 229 185 193 185 197
Average food consumption 

per rat for 100 days, gm 
Males 
Females

1493
1199

1162
928

TABLE 4
Transformed (SR and L) means, successive differences, rectified treatment means, and differences

required for significance (H.S.D.) (exp. 2)

Teeth Carious areas Scores
Group D i e t

S R A i N ' S R A N ' L A S'

5 18R + green
soybeans 0.789 0.25 0.788 0.25 0.089 0.23

6 18R +  milk 0.873 0.084 0.39 0.873 0.085 0.39 0.138 0.049 0.37
3 18R 0.921 0.048 0.47 0.931 0.058 0.49 0.164 0.026 0.46
1 15 1.137 0.216 0.92 1.171 0.240 1.00 0.290 0.126 0.95
4 18R +cookies 1.373 0.236 1.51 1.434 0.263 1.68 0.390 0.100 1.46
2 18 2.531 1.158 6.03 3.204 1.770 9.89 1.194 0.804 14.63

H.S.D. P <  0.01 0.555 0.643 0.297
P <  0.05 0.457 0.545 0.248

1 Successive mean differences.
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2 and 4) for dental caries as judged by 
the three criteria for both experiments 1 
and 2. In fact, for experiment 1, the rats 
on the 18R regimen showed such a great 
improvement in the condition of their 
teeth that the data for teeth, areas, and 
scores showed a highly significant differ
ence from those of the rats receiving diet 
15 (table 2). For experiment 2, although 
the caries rate was low for the restricted 
group, there was not a statistically sig
nificant reduction over those receiving diet 
15 (table 4).

When the supplement to the restricted 
diet was cookies, decay was greater than 
for the restricted diet alone; also more 
decay was noted when cookies were given 
than when the supplements were green 
soybeans or milk, most of the differences 
being significant at P < 0.01 (table 4). 
There were some improvements in the con
dition of the teeth when the supplements 
were green soybeans or milk as compared 
with the restricted diet alone, but these 
did not prove to be statistically significant 
(tables 3 and 4).

These results support the idea that limit
ing the time a cariogenic diet is in contact 
with the mouth will markedly influence 
the extent and severity of dental caries. 
They also suggest, since the nature of the 
“between-meal snacks” was of great im
portance in promoting or allaying dental 
decay in rats, that this will also be true 
for humans. Apparently, it is not so much 
the amount of sugar in the diet, providing 
the nutrients essential for an adequate 
diet are ingested, as the frequency of eat
ing sweets and other carbohydrate foods 
which promotes oral conditions conducive 
to dental decay.

SUMMARY

When susceptible rats were allowed ac
cess to a highly cariogenic diet according 
to a regimen established by a pilot experi
ment, there was a highly significant statis
tical reduction in dental caries as judged 
by three criteria — the number of decayed 
teeth, the number of carious areas and 
the caries score — compared with the lit- 
termate rats fed ad libitum. The restricted 
rats ate about 80% as much food as the 
unrestricted rats.

In one experiment those on restricted 
feeding had better teeth than littermate 
rats fed a semi-natural diet; in the second 
experiment, the differences were not sta
tistically significant.

Three groups of rats on the restricted 
regimen were given supplements of cook
ies, cooked green soybeans, or whole fresh 
milk during the morning and afternoon 
hours when the food cups were removed 
from the cages. The group given cookies 
had poorer teeth than those given soybeans 
or milk (P<0 .01 ) .  Although the group 
fed cookies had significantly more caries 
than the restricted group, there was not 
sufficient improvement in the teeth of 
those fed the milk or soybeans to be sta
tistically significant compared with the 
group fed the cariogenic diet on a re
stricted schedule.

These experiments support those of 
others in proving that the hours the teeth 
are in contact with a cariogenic diet is of 
prime importance in promoting or allaying 
dental decay.
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Effect of Antioxidants and Unsaturated Fatty Acids on 
Reproduction in the Hen

L. J. MACHLIN, R. S. GORDON, J. E. MARR a n d  C. W .  POPE 
Monsanto Chemical Company, and The Ralston Purina Company, 
St. Louis, Missouri

Unsaturated fatty acids of the linoleic 
acid family in the diet increase the re
quirement of the chick for vitamin E or 
other antioxidants causing encephaloma- 
lacia (Dam et al., ’58; Century et al., ’59; 
Machlin and Gordon, ’60). Studies with 
humans (Horwitt, ’60) and the rat 
(Century and Horwitt, ’60) also indicate 
that the vitamin E requirements are in
creased when unsaturated fatty acids are 
fed.

Adamstone and Card ( ’34) observed 
that feeding of vitamin E-deficient diets 
for two years resulted in testicular degen
eration in some of the deficient male 
chickens. However, there is no evidence 
with poultry that a deficiency of this vita
min will result in sterility of the female. 
Studies with females (Card et al., ’30; 
Singsen et al., ’54; Jensen et al., ’53) in
dicated that vitamin E had no effect on 
fertility or on egg production although it 
was essential for maintenance of hatch- 
ability.

The object of the following studies was 
to determine whether hens fed high lino
leic acid diets require vitamin E or an 
antioxidant or both for maintenance of 
normal fertility, hatchability, and egg pro
duction and whether the requirement for 
antioxidants for these functions is re
lated to the linoleic acid level of the diet.

EXPERIMENTAL

The composition of the purified basal 
diets is shown in table 1. Alkaline-refined 
safflower oil was used as a source of lino
leic acid. Most of the tocopherol was de
stroyed by refluxing the oil in an acetone 
solution in the presence of ferric chloride. 
The acetone, ferrous and ferric chlorides 
were then removed from the oil by exten
sive washing with a dilute Versene Fe- 
specific solution and finally with water.

TABLE 1
Composition of experimental diets

Diet
S-25-A S-25-B

% %
Isolated soybean protein1 25.00 25.00
Treated safflower oil 10.002 10.003
Cellulose4 10.00 8.00
Methionine hydroxy

analogue5 0.30 0.40
Vitamin A (10,000 IU /gm ) 0.20 0.20
Vitamin D3 (7,500 ICU/gm ) 0.10 0.05
Vitamin mixture S-35G 0.50 0.60
Choline (25%  mix) 0.50 1.00
Mineral mixture :

CaC03 2.80 2.80
Ca3(P0 4)2 2.80 2.80
K0HPO4 0.90 1.00
MgS04-7H20 0.25 0.25
Fe(C6H50 7)-6H 20 0.14 0.14
Zn CO3 0.002 0.015
KI 0.004 0.004
CuS04-5H20 0.002 0.002
H3BO3 0.0009 0.0009
CoSO„-7H20 0.0001 0.0001
MnSOi 0.065 0.065
NaCl 0.880 0.700
Na2Se03 * 5H2O 0.0001 0.0006
Corn starch 0.0549 0.0224

Glucose7 45.50 46.95

1 ADM C-l Assay Protein, Archer-Daniels-Midland, 
Cincinnati.

2 Treated with ferric chloride to destroy tocopherol.
3 Air oxidized 32 hours, 72°C to destroy tocopherol.
4 Alphacel, Nutritional Biochem icals Corporation, 

Cleveland.
5 Registered trademark o f the Monsanto Chemical 

Company for  calcium  DL-2-hydroxy,4-methylthiobuty- 
rate.

6 W hen added at 0.5% o f the diet this supplied in 
m g/kg  o f finished diets; vitamin B 12, 0.030; biotin, 
0.30; menadione, 1.0; pyridoxine • HC1, 8.0; fo lic  acid, 
4.0; riboflavin, 16.0; Ca pantothenate, 20.0; thiamine- 
HC1, 24.0; nicotinic acid, 100.0.

7 Cerelose, C om  Products Company, New York.

This process reduced the a-tocopherol 
level from 370 mg per pound of oil to 
an average of 50 mg per pound when as
sayed by the procedure of Bro-Rasmussen 
and Hjarde ( ’57). In the second experi
ment the tocopherol was destroyed by

Received for publication July 29, 1961.

284 J. N u t r i t i o n , 76: ’ 62



A N TIO XID A N T R E Q U IR E M E N TS OF TH E HEN 28 5

TABLE 2
a-Tocopherol and linoleic acid content of 

dietary fats

a-Tocopherol Linoleic
acid

Safflower oil1 treated
mg/pound %

with ferric chloride 50 70.0

Air-oxidized
safflower oil1 11 72.0

Tallow2 12 5.5

Hydrogenated coconut oil3 7 1.0

1 Alkaline-refined safflower oil from the Pacific Vege
table Oil Corporation, San Francisco.

2 Number 1 prime beef tallow.
3 The Blanton Company, St. Louis, Missouri.

passing air through the safflower oil for 
32 hours at 72°C. In each instance 0.1% 
of an antioxidant mixture1 was added 
after the treatments to minimize subse
quent development of rancidity. All fats 
were analyzed for a-tocopherol (Bro-Ras- 
mussen and Hjarde, ’57) and for linoleic 
acid (Marco et al., ’61). These values are 
shown in table 2.

White Leghorn pullets,2 25 weeks old, 
that had been maintained with commer
cial growing and laying diets prior to the 
experiment were used. The birds were 
kept in individual cages with individual 
waterers and fed in units of 4 birds each. 
All pullets were inseminated once weekly 
with 0.1 ml of semen obtained by mixing 
semen from three to four cockerels fed 
commercial breeding rations. Eggs were 
placed in the incubator every two weeks. 
Eggs collected during the 10-day period 
prior to the setting were used fcr the hatch-

ability studies. All eggs that appeared in
fertile at the tenth day by candling were 
broken and examined for apparent fertil
ity. The experimental designs are shown 
in table 3.

RESULTS AND DISCUSSION

In contrast with previous reports (Card 
et al., ’30; Singsen et al., ’54; Jensen et al., 
’53), egg production of hens fed the diet 
low in vitamin E decreased rapidly com
pared with that of groups fed either vita
min E or ethoxy quin3 (fig. 1). The low 
egg production was apparently a result of 
the high linoleic acid content of this diet, 
since hens that were changed from the 
basal diet (7.0% linoleic acid) to a diet 
containing tallow (0.5% linoleic acid) in
creased in production until they were lay
ing as well as those groups fed antioxi
dants. Addition of 20 or 100 IU of vitamin 
E per pound to the basal diet restored egg 
production to control levels, whereas addi
tion of 0.075% of ethoxyquin merely pre
vented a further decline in production.

The inability of the antioxidant to re
store egg production (or other functions) 
could be interpreted in two ways. (1 ) 
The antioxidant is effective by protecting 
tissue stores of vitamin E and therefore 
when these stores are depleted it is no 
longer effective. (2 ) The requirement for

1 Tenox 6. This contains 10% of butylated hydroxy- 
toluene (BHT) and 10% of butylated hydroxyanisole 
(BHA), available from Eastman Chemicals Products, 
Inc., Kingsport, Tennessee.

2 A light commercial hybrid, H and N “nick” chick 
developed by the Heisdorf and Nelson Company, Kirk
land, Washington.

3 As Santoquin, registered trademark of the Mon
santo Chemical Company, for l,2-dihydro-6-ethoxy 
2,2,4 trimethylquinoline.

TABLE 3
Experimental design

Experiment 1 Experiment 2
Supplement 1 
to basal diet 

S-25-A ( 0-8 weeks )
Supplement 2 
to basal diet 

S-25-A (9—16 weeks)
No. hens/ 
treatment

Supplement 
to basal diet 

S-25-B (0—6 weeks)
No. hens/ 
treatment

None None 8 None 40
None Vitamin E,1 20 IU/lb. 8 Vitamin E, 100 IU/lb. 8
None Vitamin E, 100 IU/lb. 8 Ethoxyquin, 0.075% 8
None Ethoxyquin,2 0.075% 8 Ethoxyquin, 0.300% 8
None Tallow, 10% 8 Hydrogenated coconut oil,2 10% 8
Vitamin E, 100 IU/lb. None 8 Hydrogenated coconut oil,2 9 % ,
Ethoxyquin, 0.075% None 8 +  peroxidized safflower
Vitamin E, 100 IU /lb. + Vitamin E, 100 IU/lb. + oil, 1% 8

ethoxyquin, 0.075% ethoxyquin, 0.075%

1 Added as Myvamix, a concentrate containing 20,000 IU of vitamin E per pound, obtainable from Distillation 
Products Industries, Rochester, New York.

2 Replaces treated safflower oil.
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Fig. 1 Experiment 1, egg production. Key: ----------- , b a sa l;----------- , 0.075% of ethoxyquin;
O------- O, 20 IU of vitamin E/pound; — ------ , 100 IU of vitamin E/pound; +  +  + ,  ethoxy
quin plus vitamin E; ............, 1 0 %  of tallow.

an antioxidant for restoration of egg pro
duction (and other functions) is higher 
than that needed for maintenance. A 
higher requirement would be predicted if 
in vivo autoxidation is occurring since 
autoxidation is an autocatalytic reaction 
and less antioxidant would be required to 
inhibit the initiation of oxidation than 
after oxidation has proceeded for some 
time.

It is possible that the decline in egg pro
duction is a result of an in vivo autoxida
tion of lipid-amino acid complexes in the 
oviduct. Hendler ( ’59) has postulated 
that these lipid-amino acid complexes are 
intermediate carriers for amino acids 
during protein synthesis in the oviduct. 
The lipid-amino acid bonds would be ex
pected to be susceptible to autoxidation of 
the lipid moiety (Nishida, ’60) and dis
ruption of the complex could then inter
fere with protein synthesis.

The second experiment was complicated 
by a nonspecific toxic effect of the air- 
oxidized safflower oil. Although oxidation

conditions were mild and the peroxide 
number of the oxidized oil was low, feed
ing of this oil to young chickens resulted 
in rickets and growth reduction. The tox
icity of the air-oxidized oil might account 
for the relatively poor egg production in 
groups fed the high linoleic acid diet in 
experiment 2, with or without the addi- 
of vitamin E or ethoxyquin (fig. 2).

Fertility. It has not been reported pre
viously that antioxidants or fatty acids, or 
both, can influence fertility of the female 
chicken. Since histological examinations 
of the germinal disk were not made in 
these studies, it is possible that a portion 
of eggs classified infertile represented 
early embryonic death. In both experi
ments (figs. 3 and 4) apparent fertility de
creased to about 30% in groups fed the 
basal diet compared with approximately 
60% when the diet was supplemented 
with either vitamin E or ethoxyquin. 
Fertility was high in groups fed 0.7% of 
linoleic acid (fig. 4, 9% of hydrogenated 
coconut oil plus 1% of safflower oil treat-
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100-

TIME IN WEEKS
Fig. 2 Experiment 2, egg production. Key:

----------- , b a s a l ; -------— , 0.075% of ethoxyquin;
O-----O, 0.300% of ethoxyquin;-----------, 100 IU of
vitamin E/pound; ............, 10% of hydrogenated
coconut oil; +  +  + ,  9%  of hydrogenated coconut 
oil plus 1% of peroxidized safflower oil.

ment) compared with that in groups fed 
7.2% of linoleic acid.

In experiment 1 addition of ethoxyquin 
to the basal diet at 8 weeks only partially 
restored fertility to levels comparable to 
that observed in birds fed vitamin E. This 
observation could be interpreted in the 
same manner as restoration of egg pro
duction.

Substitution of tallow for safflower oil 
also only partially restored fertility. The 
addition of safflower oil in the first period 
would increase linoleic acid in both the 
depot fat and eggs (Feigenbaum and 
Fisher, ’59; Wheeler et ah, ’59). It is not 
known, however, how rapidly the linoleic 
acid would decrease when a tallow-con
taining diet is fed. It is possible that the 
linoleic acid level is sufficient after 8 
weeks to influence fertility adversely.

Hatchability. The effect of feeding the 
linoleic acid diet on hatchability was 
dramatic, decreasing from 77% to zero 
within 6 weeks (fig. 5). In experiment 1

Fig. 3 Experiment 2, fertility determined by 
microscopic examination after 10 days of incu
bation. Key: -—  —, basal; ----------- , 0.075%
of ethoxyquin; O--------O, 0.300% of ethoxyquin;
---------- , 100 IU of vitamin E /p o u n d ;............. , 10%
of hydrogenated coconut oil; +  +  + , 9 %  of hy
drogenated coconut oil plus 1% of peroxidized 
safflower oil.

this profound decrease was prevented by 
the addition of 100 IU of vitamin E per 
pound of ration but not by 0.075% of 
ethoxyquin. Evidently this level of ethoxy
quin is insufficient since in experiment 2, 
higher levels of ethoxyquin (0.30% ) pre
vented the decline in hatchability (fig. 6). 
The requirement for vitamin E is also quite 
high since in the second period of experi
ment 1 (fig. 5) 20 IU of vitamin E per 
pound of ration had almost no effect on 
hatchability. Substituting beef tallow for 
safflower oil only partially restored hatch- 
ability.

If it is assumed that the requirement 
for maintenance of hatchability with the 
high linoleic acid diet is 100 IU of vita
min E per pound of ration (0.022% of 
cfl-a-tocopheryl acetate) or 0.30% of 
ethoxyquin, then dietary vitamin E is ap
proximately 14 times more effective on a 
weight basis than ethoxyquin for this



Fig. 4 Experiment 1, fertility determined by microscopic examination after 10 days of
incubation. Key: ----------- , basal; ----------- , 0.075% of ethoxyquin; O------O s 20 IU of vitamin
E /p o u n d ;---------- , 100 IU of vitamin E/pound; +  +  + ,  ethoxyquin plus vitamin E; .............,
10% of tallow.

Fig. 5 Hatch of fertile eggs. Key: ----------- , basal; .— .— ., 0.075% of ethoxyquin;
O------O, 20 IU of vitamin E /p o u n d ;------- — , 100 IU of vitamin E/pound; +  +  +  , ethoxyquin
plus vitamin E; ............, 10% of tallow.
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Fig. 6 Experiment 2, hatch of fertile eggs.
Key: ----------- , b a s a l ;-------— , 0.075% of ethoxy-
quin; O----- O, 0.300% of ethoxyquin;---------- , 100
IU of vitamin E/pound; ............, 10% of hydro
genated coconut oil; +  +  + ,  9%  of hydrogenated 
coconut oil plus 1% of peroxidized safflower oil.

function. Over 99% of dietary ethoxyquin 
is excreted within 24 hours and only mi
nute amounts are deposited in the egg 
(Machlin et al., ’57). This contrasts with 
the ability of the hen to deposit consider
able (16% of the dietary intake) dietary 
vitamin E in the egg (Dju et ah, ’50). 
Based on the data of Dju et al. ( ’50), one 
would estimate that eggs laid by hens fed 
diets with 0.022% of vitamin E per pound 
would contain approximately 40 ppm of 
a-tocopherol. Only 4 to 8 ppm of ethoxy
quin would be deposited when hens are 
fed 0.30% ethoxyquin. This suggests that 
ethoxyquin may be more effective than 
a-tocopherol once it is deposited in the 
egg, and correlates well with the com
parative antioxidant properties of these 
two compounds (Machlin et ah, ’59). The 
study also emphasizes that the high bio
logical activity of a-tocopherol may be a 
consequence of its greater availability for 
tissue deposition compared with other 
antioxidants.

SUMMARY

Hens were fed a purified diet, low in 
antioxidants and high in linoleic acid for 
8 weeks. By the end of this period egg 
production of the hens had decreased from 
78 to 25%; only 37% of the eggs were 
fertile and none of the fertile eggs 
hatched. At the end of 8 weeks, hens fed 
the basal diet supplemented with 100 IU 
of vitamin E per pound, had an average 
egg production of 57% ; 76% of their eggs 
were fertile and 67% of the fertile eggs 
hatched. When the diet was supple
mented with 0.075% of ethoxyquin, egg 
production was 61%; 76% of the eggs 
were fertile but only 4% of the fertile eggs 
hatched. Addition of ethoxyquin at a 
higher level (0.3% ) resulted in hatch- 
ability comparable to that of vitamin E- 
supplemented groups. In addition it was 
noted that with low linoleic acid diets 
there was no requirement for vitamin E 
or antioxidants for maintenance of egg 
production, fertility and hatch of fertile 
eggs. Apparently the hen responds to the 
same dietary stresses that produce ence- 
phalomalacia in chicks by exhibiting a 
reduction of egg production, fertility, and 
hatchability. These dietary stresses can 
be overcome by increasing dietary levels 
of antioxidants of either natural or syn
thetic origin or by decreasing the linoleic 
acid content of the diet.
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The Post-Cold Behavior of Riboflavin-Deficient Rats* 1

DAVID A. VAUGHAN, LUCILE N. VAUGHAN a n d  GEORGE J. KLAIN 
Arctic Aeromedical Laboratory, APO 731, Seattle, Washington

I n  a s tu d y  o f  a p a n to th e n ic  a c id  d e f i
c ie n c y  in d u c e d  in  a  c o ld  ( 5 ° C )  e n v i r o n 
m e n t  ( V a u g h a n  a n d  V a u g h a n ,  ’6 0 ) ,  i t  
w a s  o b s e rv e d  t h a t  re m o v a l o f  th e  c o ld  
a n im a ls  to  a w a r m  ro o m  w a s  f o l lo w e d  b y  
a  s p u r t  i n  g r o w th  u n r e la te d  to  th e  le v e l 
o f  th e  v i t a m in  i n  th e  d ie t  a n d  f a r  e x c e e d 
in g  th e  g r o w th  o f  w a r m  r a ts  a t th e  sa m e  
s ta g e  o f  d e f ic ie n c y .  T h is  e f fe c t  w a s  a t 
t r ib u te d  i n  p a r t  to  a n  e le v a t io n  i n  fo o d  i n 
ta k e  w h ic h  p e rs is te d  f o r  as lo n g  as th re e  
w e e k s  a f t e r  th e  r a ts  w e re  re m o v e d  f r o m  
th e  c o ld  ro o m .

I n  th e  ca se  o f  r ib o f la v in ,  e le v a te d  l iv e r  
le v e ls  h a v e  b e e n  r e p o r te d  i n  c o ld -e x p o s e d  
a n im a ls  ( F o n ta in e  a n d  R a f fy ,  ’4 2 ) .  B es- 
sey  e t a l. ( ’5 8 ) ,  f u r th e r m o r e ,  o b s e rv e d  n o  
e v id e n c e  o f  in c re a s e d  r ib o f la v in  d is a p p e a r 
a n c e  i n  c o ld -e x p o s e d  r a ts  a n d  d a ta  h a v e  
b e e n  p re s e n te d  ( V a u g h a n  a n d  V a u g h a n ,  
’5 9 )  to  in d ic a te  t h a t  th e  r e q u ir e m e n t  f o r  
r ib o f la v in  i n  ra ts ,  w h e n  e x p re s s e d  in  
te r m s  o f  fo o d  in ta k e ,  is  n o t  in c re a s e d  i n  a 
c o ld  e n v ir o n m e n t .

I n  th e  e x p e r im e n ts  re p o r te d  h e re , w e  
s tu d ie d  a  r ib o f la v in  d e f ic ie n c y  to  d e te r 
m in e  w h e th e r  th e  im p o s i t io n  o f  c o ld  e x 
p o s u re  d u r in g  d e p le t io n  w o u ld  a f fe c t  th e  
c o u rs e  o f  th e  d e f ic ie n c y  a f t e r  r e m o v a l f r o m  
th e  c o ld  e n v ir o n m e n t ,  as i t  d oe s  i n  th e  
case  o f  a  p a n to th e n ic  a c id  d e f ic ie n c y .

EXPERIMENTAL

E x p er im en t 1. T h i r t y  m a le  S p ra g u e - 
D a w le y  r a ts ,  w e ig h in g  2 4 0  to  2 7 0  g m  
w e re  fe d  a  r ib o f la v in - d e f ic ie n t  d ie t 2 f o r  4 
w e e k s . D u r in g  t h is  t im e ,  15  o f  th e s e  r a ts  
w e re  k e p t  i n  a c o ld  ( 5 ° C )  ro o m  i n  s c re e n - 
b o t to m  c a g e s , w h i le  th e  r e m a in in g  15 
w e re  m a in ta in e d  a t  2 5 ° C . A t  th e  e n d  o f  
th e  4 -w e e k  p e r io d ,  e a c h  g ro u p  o f  15  r a ts  
w a s  d iv id e d  in t o  th re e  s u b -g ro u p s  o f  5 r a ts  
e a c h ; o n e  s u b -g ro u p  c o n t in u e d  to  b e  fe d  
th e  r ib o f la v in - d e f ic ie n t  d ie t ,  w h i le  th e  o th e r  
tw o  re c e iv e d  a s u p p le m e n t  o f  1 .0  ag  o f  
r ib o f la v in  p e r  g m  o f  d ie t  a n d  5 .0  ag  o f

r ib o f la v in  p e r  g m  o f  d ie t .  A t  t h is  t im e  th e  
15 c o ld  r a ts  w e re  t r a n s fe r r e d  to  th e  w a r m  
r o o m  a n d  th e  e x p e r im e n t  w a s  c o n t in u e d  
f o r  7  w e e k s . D u r in g  th e  f u l l  1 1 -w e e k  
p e r io d ,  fo o d  in ta k e s  a n d  b o d y  w e ig h ts  
w e re  m e a s u re d .

E x p er im en t 2. N in e ty  m a le  S p ra g u e - 
D a w le y  r a ts  w e ig h in g  1 4 5  to  1 8 0  g m  w e re  
a s s ig n e d  a r ib o f la v in - d e f ic ie n t  d ie t .2 F o r ty -  
f iv e  o f  th e s e  ra ts  w e re  p la c e d  i n  a  c o ld  
ro o m  a t  5 ° C ; th e  r e m a in in g  4 5  w e re  k e p t  
a t  2 5 ° C . T h e  c o ld  r a ts  w e re  e x p o s e d  f o r  
4  w e e k s ; a t  th e  e n d  o f  th is  t im e ,  th e y  w e re  
r e tu r n e d  to  th e  w a r m  r o o m 3 a n d  c o n t in 
u e d  to  be  fe d  th e  r ib o f la v in - d e f ic ie n t  d ie t  
f o r  5 a d d i t io n a l  w e e k s . T h e  r ib o f la v in -  
d e f ic ie n t  w a r m  ra ts  re m a in e d  a t  2 5 °C f o r  
th e  w h o le  9 -w e e k  p e r io d .  A t  th e  b e g in n in g  
o f  th e  f i f t h  w e e k ,  th e  d ie t  o f  o n e - h a lf  o f  
th e  w a r m  g ro u p  a n d  o n e - h a lf  o f  th e  p o s t 
c o ld  g ro u p  w a s  s u p p le m e n te d  w i t h  r ib o 
f la v in  a t  th e  le v e l o f  5 ng  p e r  g m  o f  d ie t .  
A t  th e  e n d  o f  th e  s ix th  w e e k ,  th e  w a r m  
r a ts  r e c e iv in g  th is  s u p p le m e n t  w e re  p la c e d  
in  th e  c o ld  ( 5 ° C )  ro o m  a n d  r e m a in e d  
th e re  u n t i l  th e  e n d  o f  th e  n in t h  w e e k . 
F o o d  in ta k e s  a n d  b o d y  w e ig h ts  w e re  m e a s 
u re d  th r o u g h o u t  th e  e x p e r im e n t .

A t  th e  e n d  o f  th e  s e c o n d , f o u r t h ,  f i f t h ,  
s ix th ,  a n d  n in t h  w e e k , 5 r a ts  f r o m  e a c h  
e x p e r im e n ta l  g ro u p  w e re  s a c r if ic e d  a n d  
a n a ly z e d  f o r  th e  f o l lo w in g :  l i v e r  r ib o 
f la v in ,  l i v e r  x a n th in e  o x id a s e ,  k id n e y  x a n 
th in e  o x id a s e ,  a n d  t o ta l  c a rc a s s  ( w i t h o u t  
in t e s t in a l  c o n te n ts  a n d  l i v e r )  f a t ,  p r o te in ,  
a n d  w a te r .  A s  i n i t i a l  c o n t ro ls ,  5 s to c k  
d ie t - fe d  r a ts  f r o m  th e  s a m e  g ro u p  w e re  
a n a ly z e d  a t  th e  b e g in n in g  o f  th e  e x p e r i 
m e n t .

R e c e i v e d  f o r  p u b l i c a t i o n  J u l y  1 0 ,  1 9 6 1 .

1 T h e  v i e w s  e x p r e s s e d  a r e  t h o s e  o f  t h e  a u t h o r s  a n d  
d o  n o t  n e c e s s a r i l y  r e p r e s e n t  o f f i c i a l  A i r  F o r c e  p o l i c y .  
T h e  e x p e r i m e n t s  w e r e  c o n d u c t e d  a c c o r d i n g  t o  t h e  
“ R u l e s  R e g a r d i n g  A n i m a l  C a r e ”  a s  e s t a b l i s h e d  b y  t h e  
A m e r i c a n  M e d i c a l  A s s o c i a t i o n .  ( A F R  1 6 0 - 9 4 ) .

2 P u r c h a s e d  f r o m  N u t r i t i o n a l  B i o c h e m i c a l s  C o r p o r a 
t i o n .  C l e v e l a n d .  I n g r e d i e n t s  a r e  l i s t e d  i n  V a u g h a n  
a n d  V a u g h a n  ( ’ 5 9 ) .

3 T h e r e a f t e r  r e f e r r e d  t o  a s  “ p o s t - c o l d ”  r a t s .

J. N u t r it io n , 76; 962 291
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L iv e r  r ib o f la v in  w a s  d e te r m in e d  u s in g  
th e  e x t r a c t io n  p ro c e d u re s  o f  B e sse y  e t  a l.  
( ’5 8 )  a n d  th e  f lu o r o m e t r ic  m e th o d  o f  M c 
L a r e n  e t a l ( ’4 4 ) .  L iv e r  a n d  k id n e y  x a n 
th in e  o x id a s e  a c t iv i t y  w a s  m e a s u re d  b y  
th e  m e th o d  o f  D ie t r ic h  a n d  B o r r ie s  ( ’5 4 ) ,  
a n d  is  e x p re s s e d  as m ic ro m o le s  o f  x a n 
th in e  c o n v e r te d  to  a l la n to in  ( l i v e r )  o r  
u r ic  a c id  ( k id n e y ) .  C a rc a s s  f a t  w a s  d e 
te r m in e d  b y  e th e r  e x t r a c t io n  o f  th e  d r ie d ,  
g ro u n d  m a te r ia l  a n d  c a rc a s s  p r o te in  b y  
th e  m ic r o K je ld a h l  m e th o d .

RESULTS

G ross sym p tom s. I n  f ig u r e  1 is  i l l u s 
t r a te d  th e  d if fe re n c e  i n  a p p e a ra n c e  in  
r a ts  a f t e r  10  w e e k s  o f  r e c e iv in g  th e  r ib o 
f la v in - d e f ic ie n t  d ie t  b e tw e e n  th o s e  t h a t  
s p e n t th e  e n t i r e  10  w e e k s  a t  2 5 °C  a n d  
ra ts  t h a t  s p e n t th e  i n i t i a l  4  w e e k s  a t  5 ° C , 
fo l lo w e d  b y  6  w e e k s  a t  2 5 ° C . T h e  2 5 °  r a t  
e x h ib i te d  th e  s t r ik in g  “ d ro w n e d  r a t ”  a p 
p e a ra n c e  o f  a  r ib o f la v in  d e f ic ie n c y ,  w h e r e 
as th e  p o s t-c o ld  r a t  w a s  r e la t iv e ly  f re e  o f  
th e s e  s y m p to m s .  T h e s e  r a ts  w e re  p h o to 
g ra p h e d  d u r in g  e x p e r im e n t  1.

W e ig h t  ch a n g es . G r o w th  p a t te r n s  o f  
th e  d e f ic ie n t  r a ts  i n  b o th  e x p e r im e n ts  a re

s h o w n  in  f ig u r e  2 . W h e n  fe d  th e  r ib o 
f la v in - d e f ic ie n t  d ie t ,  th e  w a r m  r a ts  c o n 
t in u e d  to  g ro w  f o r  a b o u t  th re e  w e e k s , a f te r  
w h ic h  g r o w th  ce a se d  a n d  th e y  b e g a n  to  
lo s e  w e ig h t  s lo w ly .  T h e  c o ld  ra ts ,  o n  th e  
o th e r  h a n d ,  ce a se d  g r o w in g  im m e d ia te ly  
i n  e x p e r im e n t  1, a n d  a t  th e  e n d  o f  th re e  
w e e k s  i n  e x p e r im e n t  2 . W h e n  th e s e  c o ld  
r a ts  w e re  r e tu r n e d  to  th e  w a r m  ro o m ,  h o w 
e v e r,  th e y  b e g a n  to  g ro w  s lo w ly  w h i le  a t 
th e  s a m e  t im e  th e  w a r m  r a ts  c o n t in u e d  to  
lo s e  w e ig h t .  A t  th e  e n d  o f  b o th  e x p e r i 
m e n ts ,  th e  w e ig h ts  o f  th e  p o s t -c o ld  r a ts  
w e re  s l ig h t ly  g re a te r  th a n  th o s e  o f  th e  
w a r m  r a ts  as a  r e s u l t  o f  t h is  s lo w  p o s t 
c o ld  g ro w th .  I n  e x p e r im e n t  1 , f in a l  
w e ig h ts  a t  th e  e n d  o f  11 w e e k s  w e r e : 
w a r m ,  2 4 2  ±  16  g m ;  p o s t-c o ld ,  2 4 9  ±  9 
g m . W e ig h t  c h a n g e s  f r o m  th e  f o u r t h  to  
e le v e n th  w e e k  w e re :  w a r m ,  — 2 8  ±  1 0 ; 
p o s t-c o ld ,  +  18  ±  8. I n  e x p e r im e n t  2 , f in a l  
w e ig h ts  o f  th e  d e f ic ie n t  a n im a ls  a t  th e  e n d  
o f  9  w e e k s  w e r e :  w a r m ,  1 7 6  ±  5 ;  p o s t 
c o ld ,  1 7 8  ±  11. W e ig h t  c h a n g e s  f r o m  th e  
f o u r t h  to  n in t h  w e e k  w e r e :  w a r m ,  — 14  — 
8 ; p o s t-c o ld .  +  1 7  ±  4.

A  c o m p a r is o n  o f  th e  “ s t r ip p e d  w e ig h ts ”  
(c a rc a s s  m in u s  in t e s t in a l  c o n te n ts  a n d

Fig. 1 Riboflavin-deficient rats. A, post-cold; B, warm.
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Fig. 2 Growth curves of depleted rats. O. warm; •  , cold and post-cold; dashed lines, 
repletion; solid lines, depletion.

Fig. 3 Carcass composition of experimental animals. O, warm; • , cold and post-cold; 
dashed lines, repletion; solid lines, depletion.
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l i v e r )  o f  th e  a n im a ls ,  a lo n g  w i t h  th e  f r a c 
t io n a l  c o m p o s it io n  o f  th e s e  w e ig h ts  is  
s h o w n  in  f ig u r e  3 a n d  ta b le  1. T h e  w a r m  
d e f ic ie n t  r a ts  g a in e d  w e ig h t  th r o u g h o u t  
th e  f i r s t  6  w e e k s  o f  th e  d e f ic ie n t  d ie ta r y  
r e g im e n  —  b e tw e e n  th e  s ix t h  w e e k  a n d  th e  
n in t h  w e e k , h o w e v e r ,  t is s u e  w e ig h t  d ro p p e d  
r a p id ly .  T h e s e  w e ig h t  g a in s  a p p e a r  to  be  
a r e s u l t  o f  in c re a s e s  in  p r o te in  a n d  w a te r  
o n ly ,  f o r  th e  f a t  c o n te n t  r e m a in e d  m o re  
o r  le ss  th e  s a m e  t h r o u g h o u t  th e  f i r s t  5 
w e e k s . B e tw e e n  th e  s ix th  a n d  n in t h  
w e e k s , h o w e v e r ,  a l l  c o m p o n e n ts  o f  th e  
b o d y  w e re  lo s t .

T h e  i n i t i a l  lo ss e s  in  th e  c o ld  ra ts  a p p e a r  
to  be  c o m p o s e d  o f  f a t  a n d  w a te r ,  w i t h  
so m e  a c tu a l  in c re a s e  i n  p r o te in  c o n te n t .  
U p o n  re m o v a l to  th e  w a r m  ro o m ,  f a t  a n d  
w a te r  w e re  d e p o s ite d  im m e d ia te ly ,  w h e re 
as p r o te in  c o n te n t  re m a in e d  u n c h a n g e d .  
F r o m  5  w e e k s  o n , th e s e  d e f ic ie n t  a n im a ls  
c o n t in u e d  to  g a in  w a te r  a n d  f a t  u n t i l  a t  
9  w e e k s  s t r ip p e d  w e ig h t  e q u a le d  t h a t  o f  
th e  r a ts  w h ic h  h a d  n e v e r  b e e n  c o ld .

T h e  e ffe c ts  o f  s u p p le m e n t in g  th e  d ie t  
w i t h  5 ag  o f  r ib o f la v in  p e r  g m  o f  d ie t  f r o m  
th e  f o u r t h  to  n in t h  w e e k  a re  a ls o  s h o w n  in  
f ig u r e  3 a n d  ta b le  1. B o th  g ro u p s  o f  r a ts  
d e p o s ite d  a l l  f r a c t io n s  r a p id ly  d u r in g  th e  
f o l lo w in g  tw o  w e e k s  a n d  th e  p o s t -c o ld  ra ts  
c o n t in u e d  to  d o  so u n t i l  th e  e n d  o f  th e  
e x p e r im e n t .  A s  n o te d  b e fo re ,  th e  r e m a in 
in g  w a r m  r a ts  w e re  p la c e d  in  th e  c o ld  
ro o m  a t  th e  e n d  o f  th e  s ix th  w e e k . A f t e r  
th re e  w e e k s  i n  th e  c o ld ,  th e  s t r ip p e d  
w e ig h t  o f  th e s e  ra ts  w a s  th e  s a m e  as th a t  
o f  th e  w a r m  r a ts  k i l le d  a t  6  w e e k s . F r a c 
t io n a l  a n a ly s is  o f  th e s e  r a ts ,  h o w e v e r ,  
s h o w e d  t h a t  d u r in g  t h is  c o ld  e x p o s u re ,  
w a te r  a n d  p r o te in  c o n t in u e d  to  be  d e 
p o s ite d ,  w h e re a s  f a t  w a s  lo s t .

F ood  in ta k e . F o o d  in t a k e  o f  th e  c o ld -  
e x p o s e d  r a ts  r e c e iv in g  th e  r ib o f la v in - d e f i 
c ie n t  d ie t  a v e ra g e d  4 0 %  a b o ve  t h a t  o f  th e  
w a r m  r a ts  r e c e iv in g  th e  s a m e  d ie t .  U p o n  
r e m o v a l to  th e  w a r m  ro o m ,  th e  in ta k e  o f  
th e  p o s t-c o ld  r a ts  d e c re a s e d  s h a r p ly  a n d  
d id  n o t  e x c e e d  a p p re c ia b ly  t h a t  o f  th e  
w a r m  r a ts  f o r  th e  r e m a in d e r  o f  th e  e x 
p e r im e n t .  F r o m  th e  f o u r t h  to  n in t h  w e e k ,  
a v e ra g e  t o ta l  fo o d  in ta k e s  w e re  3 1 5  a n d  
3 3 7  g m  f o r  th e  w a r m  a n d  p o s t-c o ld  ra ts ,  
re s p e c t iv e ly .  I t  w o u ld  a p p e a r  t h a t  th e  fo o d  
e f f ic ie n c y  o f  th e  p o s t -c o ld  r a ts  h a d  im 
p ro v e d , s in c e  th e y  g a in e d  2 7  g m  n e t  o v e r

th e  w a r m  r a ts  o n  a t o ta l  in c r e m e n t  o f  2 2  
g m  o f  fo o d .

R iboflavin  and  x a n th in e  o x id a se  levels. 
T o ta l  l i v e r  r ib o f la v in  v a lu e s  a re  s h o w n  in  
f ig u r e  4  a n d  ta b le  1. I n  b o th  c o ld  a n d  
w a r m  ra ts ,  th e  r ib o f la v in - d e f ic ie n t  d ie t  
c a u s e d  a r a p id  d e c re a s e  in  l i v e r  r ib o f la v in  
b y  tw o  w e e k s , fo l lo w e d  b y  a m o re  g r a d u a l 
d e p le t io n  u n t i l  th e  e n d  o f  th e  e x p e r im e n t .  
T h e r e  w a s  n o  d if fe r e n c e  a p p a r e n t  b e tw e e n  
th e  tw o  g ro u p s ,  a lth o u g h  ( s in c e  th e  c o ld  
r a ts  w e re  s m a lle r  t h a n  th e  w a r m  r a t s )  th e  
a v a i la b le  l i v e r  r ib o f la v in  p e r  t o ta l  b o d y  
w e ig h t  w a s  h ig h e r  i n  th e  c o ld  a n im a ls .  
R e p le t io n  w i t h  r ib o f la v in  c a u s e d  a n  im 
m e d ia te  in c re a s e  in  l i v e r  r ib o f la v in  in  
b o th  g ro u p s . W h e n  th e  re p le te d  w a r m  
ra ts  w e re  p la c e d  in  th e  c o ld  ro o m  a t  6 
w e e k s , t h e i r  l i v e r  r ib o f la v in  le v e ls  i n 
c re a s e d  f u r t h e r  to  a  p o in t  h ig h e r  th a n  
t h a t  o f  th e  p o s t-c o ld  r a ts  a t  9 w e e k s .

T h e  s e q u e n t ia l e v e n ts  w i t h  re s p e c t  to  
l i v e r  a n d  k id n e y  x a n th in e  o x id a s e  a re  
a ls o  s h o w n  i n  f ig u r e  4  a n d  ta b le  1. I n  th e  
l i v e r ,  x a n th in e  o x id a s e  a c t iv i t y  r e m a in e d  
a t c o n t r o l  le v e ls  f o r  4  w e e k s  in  th e  w a r m ,  
a n d  5  w e e k s  in  th e  c o ld  a n im a ls ,  d e s p ite  
th e  r a p id  d ro p  in  r ib o f la v in  le v e ls .  B y  6 
w e e k s , b o th  g ro u p s  a p p e a r  to  h a v e  s ta b i
l iz e d  a t  m u c h  lo w e r  le v e ls ,  w i t h  th o s e  o f  
th e  p o s t-c o ld  r a ts  s o m e w h a t  h ig h e r .  I n  
th e  k id n e y ,  th e  b e h a v io r  o f  x a n th in e  o x i 
d a se  w a s  s o m e w h a t  d i f f e r e n t .  T h e  v a lu e s  
f o r  th e  c o ld -e x p o s e d  r a ts  w e re  s o m e w h a t  
h ig h e r  t h a n  th o s e  f o r  th e  w a r m  r a ts ,  a lb e it  
n o t  s ig n i f ic a n t ly .  A f t e r  th e  4 -w e e k  p o in t ,  
h o w e v e r ,  w h e n  th e  c o ld  r a ts  w e re  t r a n s 
fe r r e d  to  th e  w a r m  ro o m ,  t h e i r  l i v e r  x a n 
th in e  o x id a s e  a c t iv i t ie s  r e m a in e d  f a i r l y  
h ig h  t h r o u g h o u t  th e  n e x t  5  w e e k s , w h e r e 
as th e  a c t iv i t y  o f  x a n th in e  o x id a s e  in  th e  
k id n e y s  o f  th e  w a r m  r a ts  f e l l  to  m u c h  
lo w e r  le v e ls .  U p o n  r e p le t io n  w i t h  r ib o 
f la v in ,  th e  x a n th in e  o x id a s e  le v e ls  o f  b o th  
g ro u p s  ro s e  im m e d ia te ly .  N o  d if fe re n c e s  
w e re  n o te d  in  th e  le v e ls  b e tw e e n  th e  r e 
p le te d  ra ts  i n  th e  w a r m  ro o m  a t  9  w e e k s  
a n d  th o s e  in  th e  c o ld  ro o m .

DISCUSSION

T h e  re s u lts  o f  e x p e r im e n t  1, w h ic h  w a s  
a p r e l im in a r y  a p p ro a c h ,  in d ic a te d  to  u s  
t h a t  th e  re m o v a l o f  r ib o f la v in - d e f ic ie n t  ra ts  
f r o m  a c o ld  to  a w a r m  e n v ir o n m e n t  p r o 
d u c e d  a re s p o n s e  w h ic h  e n a b le d  th e m  to
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Fig. 4 Xanthine oxidase and riboflavin levels. O, warm; • , cold and post-cold; dashed 
lines, repletion; solid lines, depletion.

re s u m e  a  s lo w  g r o w th  r a te  a n d  p o s tp o n e d  
th e  o n s e t o f  g ro s s  c l in ic a l  s y m p to m s  o f  th e  
d e f ic ie n c y .  T h is  re s p o n s e  w a s  s im i la r  to  
t h a t  a lre a d y  o b s e rv e d  in  p a n to th e n ic  a c id -  
d e f ic ie n t  r a ts  ( V a u g h a n  a n d  V a u g h a n ,  
’6 0 ) .  A l th o u g h  th e s e  p h e n o m e n a  w e re  
re p r o d u c e d  i n  e x p e r im e n t  2 , th e  a d d i t io n a l  
d a ta  o b ta in e d  h a v e  n o t ,  i n  o u r  o p in io n ,  
p ro v id e d  a n y  d e f in i te  c lu e s  c o n c e r n in g  th e  
fu n d a m e n ta l  re a s o n s  f o r  t h is  re s p o n s e . 
T h e r e fo r e ,  a  d is c u s s io n  o f  th e  re s u lts  m u s t  
b e , o f  n e c e s s ity ,  p r e d o m in a n t ly  d e s c r ip 
t iv e .

A s  s h o w n  b y  B e sse y  e t  a l.  ( ’5 8 ) ,  i n 
c re a s e d  e n e rg y  e x p e n d itu r e  in d u c e d  b y  
c o ld  e x p o s u re  d id  n o t  h a s te n  th e  d e p le 
t io n  o f  l i v e r  r ib o f la v in  o f  th e  d e f ic ie n t  ra ts .  
A s  a m a t t e r  o f  f a c t ,  th e  co n cen tra tio n  o f  
l i v e r  r ib o f la v in  i n  th e  d e f ic ie n t  c o ld  a n i 
m a ls  r e m a in e d  a b o u t  2 0 %  h ig h e r  th a n  
t h a t  o f  th e  w a r m - d e f ic ie n t  g ro u p  ( F o n ta in e  
a n d  R a f fy ,  ’4 2 ) .  I n  te r m s  o f  l i v e r  r ib o 
f la v in  a v a i la b le  to  th e  w h o le  a n im a l,  th is  
in c re a s e  w a s  e v e n  g re a te r ,  f o r  th e  l i v e r  
w e ig h t - to -b o d y  w e ig h t  r a t io  w a s  h ig h e r  in  
th e  c o ld  a n im a ls  t h a n  in  th e  w a r m .  T h e s e

c o ld  r a ts  a p p e a r  th u s  to  c o n s e rv e  so m e  
r ib o f la v in  ( i n  th e  l iv e r ,  a t  le a s t )  w h i le  
lo s in g  w e ig h t  m o re  r a p id ly  t h a n  th e  w a r m  
a n im a ls .

L iv e r  x a n th in e  o x id a s e  a c t iv i t y  d id  n o t  
d e c re a s e  u n t i l  w e l l  a f t e r  l i v e r  r ib o f la v in  
le v e ls  h a d  f a l le n  to  a b o u t  o n e - th i r d  o f  n o r 
m a l,  s u g g e s t in g  t h a t  t h is  f la v o p r o te in  r e 
s is ts  d is s o c ia t io n  d u r in g  th e  i n i t i a l  s ta g e s  
o f  r ib o f la v in  d e f ic ie n c y .  T h e  d if fe re n c e s  
b e tw e e n  th e s e  re s u lts  a n d  th o s e  o f  B u r c h  
e t  a l.  ( ’5 6 ) ,  w h o  o b s e rv e d  a n  im m e d ia te  
d ro p  i n  x a n th in e  o x id a s e  le v e ls ,  m a y  be  
r e la te d  to  th e  d i f f e r e n t  ages o f  th e  e x p e r i 
m e n ta l  a n im a ls  —  o u rs  b e in g  s o m e w h a t  
o ld e r  w h e n  s u p p l ie d  w i t h  th e  r ib o f la v in -  
d e f ic ie n t  d ie t .  B y  6  w e e k s , h o w e v e r ,  th e  
le v e ls  i n  o u r  r a ts  h a d  d e c re a s e d  to  th e  
s a m e  p e rc e n ta g e s  o f  i n i t i a l  le v e ls  as r e 
p o r te d  b y  th e s e  a u th o rs .  I n  th e  k id n e y ,  
x a n th in e  o x id a s e  a c t iv i t y  a p p e a re d  to  be  
m o re  la b i le ,  b u t  h e re  th e  d e f ic ie n t  p o s t 
c o ld  r a ts  m a in ta in e d  a s ig n i f ic a n t ly  h ig h e r  
a c t iv i t y  d u r in g  th e  la s t  4  w e e k s  o f  th e  
e x p e r im e n t .
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W e ig h t  lo sse s  in  th e  c o ld  ra ts  a p p e a re d  
to  c o n s is t  o f  f a t  a n d  w a te r  o n ly  —  p r o te in  
w a s  n o t  lo s t .  T h e  la b i l i t y  o f  b o d y  f a t  a n d  
w a te r  is  i l lu s t r a te d  in  s e v e ra l p h a s e s  o f  
e x p e r im e n t  2 :  ( 1 )  d u r in g  th e  d e p le t io n  
p e r io d ,  as m e n t io n e d ;  ( 2 )  d u r in g  th e  p o s t 
c o ld  p e r io d ,  w h e n  f a t  a n d  w a te r  d e p o s i
t io n  w a s  re s u m e d  to  a  c e r ta in  e x te n t ;  a n d
(3 )  d u r in g  th e  s ix th  to  n in t h  w e e k  o f  c o ld  
e x p o s u re  o f  th e  re p le te d  ra ts ,  w h e n  to ta l  
s t r ip p e d  w e ig h t  re m a in e d  c o n s ta n t ,  w h i le  
w a te r  d e p o s it io n  s lo w e d , f a t  w a s  lo s t ,  b u t  
p r o te in  d e p o s it io n  c o n t in u e d  u n c h a n g e d .

A t  th e  e n d  o f  th e  f i r s t  4  w e e k s , th e  d e 
f ic ie n t  c o ld  ra ts  w e re  m u c h  s m a lle r  t h a n  
th e  w a r m  ra ts .  A l th o u g h  t h e i r  p o s t-c o ld  
fo o d  in ta k e  w a s  n o t  g re a te r  t h a n  t h a t  o f  
th e  d e f ic ie n t  w a r m  ra ts ,  th e y  w o u ld  h a v e  
b e e n  a b le  to  u t i l iz e  m o re  f o r  g ro w th .  I n  
o th e r  w o rd s ,  t h e i r  fo o d  in ta k e - to -b o d y  
w e ig h t  r a t io  w a s  a c tu a l ly  g re a te r .  H o w 
e v e r, th e  e le v a t io n  o f  fo o d  in ta k e  a n d , c o n 
s e q u e n t ly ,  th e  g r o w th  re c o v e ry ,  w e re  n o t  
n e a r ly  as g re a t  as o b s e rv e d  in  th e  e x p e r i 
m e n t  w i t h  p a n to th e n ic  a c id  ( V a u g h a n  a n d  
V a u g h a n ,  ’6 0 ) .  O n e  p o s s ib le  f a c t o r  in  t h is  
d if fe re n c e  m a y  be  t h a t  th e s e  r a ts  w e re  i n  
th e  c o ld  ro o m  o n ly  2 8  d a y s  w h e re a s  th e  
r a ts  o n  th e  p a n to th e n ic  a c id  e x p e r im e n t  
s p e n t 61  d a y s  a t  5 ° C  b e fo re  b e in g  r e 
t u r n e d  to  th e  2 5 °C e n v ir o n m e n t .

I n  c o n c lu s io n ,  i t  w o u ld  a p p e a r  t h a t  c o ld  
e x p o s u re  d u r in g  d e p le t io n  m a y  m o d i f y  
th e  s u b s e q u e n t c o u rs e  o f  a d e f ic ie n c y .  
W h e th e r  t h is  is  d u e  to  a g e n e ra l in c re a s e  
in  e n e rg y  t u r n o v e r  o r  a s p e c if ic  e f fe c t  o f  
c o ld  is  a n  i n t r i g u in g  q u e s t io n  a n d , i n  o u r  
o p in io n ,  m e r i t s  f u r t h e r  s tu d y .

SUMMARY

T h e  p o s t-c o ld  b e h a v io r  o f  r ib o f la v in - d e 
f ic ie n t  r a ts  w a s  s tu d ie d .  I t  w a s  o b s e rv e d  
t h a t  r a ts  d e p le te d  a t  5 ° C  f o r  4 w e e k s  re 
s u m e d  s lo w  g r o w th  ( d u e  to  f a t  a n d  w a te r  
d e p o s i t io n )  u p o n  r e t u r n  to  2 5 ° C . G ro ss  
s y m p to m s  o f  th e  d e f ic ie n c y  d id  n o t  a p p e a r  
as s o o n  i n  th e  p o s t -c o ld  r a ts  as i n  th e  
w a r m  ra ts .  T o ta l  r ib o f la v in  lo s s e s  f r o m  
th e  l i v e r  w e re  r a p id  i n i t i a l l y ,  le v e l in g  o u t  
a t a b o u t  o n e - th ir d  o f  n o r m a l  c o n c e n tr a 
t io n ,  b u t  th e re  w a s  l i t t l e  d if fe re n c e  b e 
tw e e n  g ro u p s . L iv e r  a n d  k id n e y  x a n th in e  
o x id a s e  a c t iv i t y  d id  n o t  d e c re a s e  as r a p 
id ly  as d id  r ib o f la v in  a n d  th e  p o s t -c o ld  r a ts  
a p p e a r  to  m a in t a in  h ig h e r  le v e ls  t h r o u g h 
o u t  th e  e x p e r im e n t .
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Effect of Feeding Anim al Tissues on "M ea t  
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I n  p re v io u s  p u b l ic a t io n s  i t  w a s  re p o r te d  
( A d le r ,  ’5 8 ;  I la n  e t a l. ,  ’6 0 ;  I la n  a n d  G u g 
g e n h e im ,  ’6 0 )  t h a t  m ic e ,  w h e n  fe d  a d ie t  
c o m p o s e d  o f  b e e f  m u s c le  o n ly ,  d e v e lo p e d  
se ve re  a n e m ia  w h ic h  w a s  m a in ly  m a c r o 
c y t ic .  S u p p le m e n ta t io n  o f  th e  d ie t  w i t h  
i r o n ,  f o l i c  a c id ,  v i t a m in  B i2 o r  p y r id o x in e  
o r  w i t h  a  c o m b in a t io n  o f  so m e  o f  th e s e  
h e m a to p o ie t ic  s u b s ta n c e s  n e i t h e r  p re 
v e n te d  n o r  c u r e d  th e  a n e m ia .  I n c o r p o r a 
t io n  o f  l i v e r  in t o  th e  m e a t  d ie t ,  h o w e v e r ,  
p re v e n te d  th e  a n e m ia .  M o re o v e r ,  re p la c e 
m e n t  o f  o n e  o f  4  p a r ts  o f  b e e f  m u s c le  
b y  b e e f l i v e r  c u re d  th e  a n e m ia  c o m p le te ly .  
L iv e r  o f  n o r m a l  m ic e  h a d  a d e f in i te  b u t  
s m a lle r  e ffe c t ,  w h e re a s  l i v e r  o f  m ic e  r e n 
d e re d  a n e m ic  b y  th e  m e a t  d ie t  r e s u lte d  in  
n o  im p r o v e m e n t .  I t  w a s  c o n c lu d e d  th a t  
b e e f  l i v e r  c o n ta in s  a h e m a to p o ie t ic  f a c to r  
n e e d e d  b y  m ic e  w h ic h  is  a b s e n t f r o m  m u s 
c le ;  t h is  h y p o th e t ic  f a c t o r  a p p e a rs  to  be  
p re s e n t  i n  n o r m a l  m o u s e  l i v e r  i n  a lo w e r  
c o n c e n t r a t io n  t h a n  in  b e e f  l i v e r  a n d  to  be  
a b s e n t f r o m  th e  l iv e r  o f  m ic e  t h a t  h a v e  
s u b s is te d  o n  b e e f m u s c le .

I n  a  s e a rc h  f o r  th e  o c c u r re n c e  o f  th is  
h e m a to p o ie t ic  f a c to r ,  m u s c le  a n d  l i v e r  o f  
a n im a ls  o f  d i f f e r e n t  s p e c ie s  a n d  v a r io u s  
b e e f o rg a n s  w e re  fe d  to  m ic e  a n d  t h e i r  
a n e m ia - in d u c in g  o r  -p r e v e n t in g  p o te n c y  
w a s  s tu d ie d .  R e s u lts  w i l l  a ls o  be p re s e n te d  
o n  th e  e f fe c t  o f  fe e d in g  d if f e r e n t  l i v e r  p r e p 
a ra t io n s  o n  th e  p r e v e n t io n  o f  m e a t  a n e m ia  
in  m ic e .

METHODS

M a le  S w is s  m ic e ,  th re e  w e e k s  o ld ,  w e re  
u s e d  th r o u g h o u t .  T h e y  w e re  fe d  m in c e d  
r a w  m u s c le  m e a t  f o r  6 w e e k s , i f  n o t  o th e r 
w is e  s ta te d . A f t e r  t h a t  t im e  h e m o g lo b in  
w a s  d e te r m in e d  b y  th e  c y a n m e th e m o -  
g lo b in  m e th o d  (C ro s b y  e t a l. ,  ’ 5 4 ) .

RESULTS

I n  th e  f i r s t  s e r ie s  o f  e x p e r im e n ts  th e  
e f fe c t  o f  f e e d in g  d i f f e r e n t  k in d s  o f  m u s c le  
w a s  c o m p a re d  ( ta b le  1 ) .  S k e le ta l m u s c le  
o f  b e e f  in d u c e d  a  se ve re  a n e m ia ,  w h e re a s  
h e a r t  m u s c le  p re v e n te d  i t .  M ic e  fe d  p o r k  
o r  c h ic k e n  m u s c le  a ls o  b e c a m e  a n e m ic ,  
w i t h  th o s e  fe d  c h ic k e n  s o m e w h a t  le ss  
a n e m ic  th a n  th o s e  s u b s is t in g  o n  b e e f  o r  
p o rk .  S k e le ta l m u s c le  o f  f is h  (h a d d o c k ,  
h a k e ) ,  i n  c o n t r a s t  w i t h  m a m m a l ia n  a n d  
a v ia n  s k e le ta l m u s c le ,  p re v e n te d  a n e m ia .

I t  m a y  be  c o n c lu d e d ,  t h a t  th e  h y p o th e t 
ic a l  h e m a to p o ie t ic  f a c t o r  re q u ir e d  b y  m ic e  
is  a b s e n t f r o m  s k e le ta l m u s c le  o f  b e e f,  
p o r k  a n d  c h ic k e n  a n d  p re s e n t  i n  f is h  m u s 
c le  a n d  h e a r t  m u s c le  o f  b e e f.

N e x t ,  th e  h e m a to p o ie t ic  p o te n c y  o f  d i f 
f e r e n t  b e e f  o rg a n s  w a s  s tu d ie d .  L iv e r ,  
k id n e y ,  s p le e n  o r  b r a in ,  re s p e c t iv e ly ,  w e re  
in c o r p o r a te d  in t o  m in c e d  m u s c le  m e a t  a t 
a  le v e l o f  2 5 %  a n d  fe d  to  m ic e .  T h e  r e 
s u lts  a re  s h o w n  in  ta b le  2. I t  a p p e a rs  t h a t  
o n ly  l i v e r  e x e r ts  a s t r o n g  h e m a to p o ie t ic  
e ffe c t .  K id n e y  a n d  s p le e n  w e re  le s s  e f fe c 
t iv e  a n d  b r a in  a lm o s t  in a c t iv e .

I n  f u r t h e r  e x p e r im e n ts  th e  e f fe c t  o f  r e 
p la c e m e n t  o f  o n e  o f  4  p a r ts  o f  b e e f  m u s c le  
b y  l i v e r  o f  d i f f e r e n t  a n im a ls  w a s  s tu d ie d  
( ta b le  3 ) .  L iv e r  o f  th e  tw o  r u m in a n ts ,  
b e e f  a n d  sh e e p , a p p e a re d  to  be  th e  m o s t  
p o te n t  i n  p r e v e n t in g  m e a t  a n e m ia ,  f o l 
lo w e d  b y  r a t ,  p ig ,  h u m a n  a n d  c h ic k e n  
l iv e r .  D o u b l in g  th e  a m o u n t  o f  c h ic k e n  
l i v e r  i n  m u s c le  m e a t  re s u lte d ,  h o w e v e r ,  
i n  a n  a lm o s t  c o m p le te  p r e v e n t io n  o f  
a n e m ia .
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TABLE 1

W eig h t and h em oglobin  o f  m ice  kept for 6 w e e k s  on  diets com p osed  o f  m u scle  m ea t on ly

Source and No. of mice Weight Hemoglobin
muscle Initial Sur

vivors Initial1 Increase Initial1 Change

Skeletal muscle, 
beef 35 29

g m

12.3±0.4Q2

g m

3.9 ±0.61

g m / 1 0 0  m l  

14.7 ±  0.31

g m / 1 0 0  m l  

-1 2 .2  ±0 .62
Heart muscle, 

beef 35 31 13.0 ±0.29 9.8 ±0 .60 15.2 ±  0.20 -  1.2 ±0.45
Skeletal muscle, 

pork 20 16 13.0 ±  0.48 7.2 ±0.80 14.4 ±0 .37 -1 0 .2  ±0 .97
Skeletal muscle, 

chicken 10 6 13.8 ±0 .46 3.2 ±  1.31 14.5 ±0.49 -  9.3 ±0 .80
Skeletal muscle, 

haddock 15 10 12.7±0.17 4.5 ±  0.58 14.1 ±0.54 -  1 .2±  1.07
Skeletal muscle, 

hake 15 12 15.3 ±0.80 4.1 ±1 .22 15.2 ±0.32 -  2.9 ±0.80

1 Figures refer only to survivors.
2 Figures indicate means ±  standard errors.

TABLE 2
E ffect o f  b e e f  organs incorporated into a m ea t diet on  w eig h t increase and p reven tion

o f anem ia in  m ice

Beef organ

Liver
Kidney
Spleen
Brain

Weight Hemoglobin
Initial Sur

vivors Initial1 Increase Initial1 Change

g m g m g m / 1 0 0  m l g m / 1 0 0  m l

10 7 12.3 ±  0.502 7.1 ±0 .90 15.1 ±0.48 +  0.7 ±  0.50
10 6 12.4 ±0.35 8.5 ±0.79 15.7 ±  0.38 -  2.7 ±  0.79
15 11 12.8 ±0.26 6.5 ±  0.47 15.1 ±  0.47 -  6 .2 ±  1.01
10 7 13.4 ±0 .40 6.3 ±0.78 15.9 ±0.31 -1 0 .1  ±0.99

1 Figures refer only to survivors.
2 Figures indicate means ±  standard errors.

T h e  a n e m ia - p r e v e n t in g  p o te n c y  o f  b e e f  
l i v e r  w a s  n o t  d e s tro y e d  b y  h e a t.  A u to c la v 
in g  l i v e r  f o r  o n e  h o u r  a t  1 5  p o u n d s  d id  
n o t  a l t e r  i t s  a c t iv i t y .  F u r th e r m o r e ,  d e s ic 
c a te d  l i v e r  a p p e a rs  to  b e  as a c t iv e  as f r e s h  
l iv e r .  W h e n  5 %  o f  d e s ic c a te d  “ m a m m a 
l i a n  l i v e r ”  2 o r  o f  d e s ic c a te d  “ b e e f  l i v e r , ”  3 
th e  r o u g h  e q u iv a le n t  o f  2 5 %  o f  f r e s h  
l iv e r ,  w e re  in c o r p o r a te d  in t o  th e  m e a t  
d ie t ,  a n e m ia  w a s  p re v e n te d .  T w o  p e r  c e n t  
o f  d e s ic c a te d  l i v e r  w a s  le s s  a c t iv e  a n d  1 %  
a lm o s t  in a c t iv e .

A  s ig n i f ic a n t  m o r t a l i t y  o c c u r re d  i n  a l l  
e x p e r im e n ts ;  t h is ,  h o w e v e r ,  d id  n o t  a p p e a r  
to  be  r e la te d  to  th e  s p e c if ic  d ie ta r y  r e g i 
m e n  o r  to  th e  s e v e r i ty  o f  th e  r e s u l t in g  
a n e m ia .

DISCUSSION

T h e s e  re s u lts  a re  c o m p a t ib le  w i t h  th e  
h y p o th e s is  t h a t  “ m e a t  a n e m ia ”  i n  m ic e  is  
c a u s e d  b y  th e  d e f ic ie n c y  o f  a n  h e m a to 
p o ie t ic  f a c t o r  re q u ir e d  b y  m ic e  a n d  a b s e n t 
f r o m  m u s c le  m e a t .  T h e  f a c t o r  a p p e a rs  to  
b e  la c k in g  i n  m u s c le  m e a t  o f  p o r k  a n d  
c h ic k e n  a n d  to  be  p re s e n t  i n  h e a r t  m u s c le  
o f  b e e f  a n d  f is h  m u s c le .  L iv e r  h a s  th e  
h ig h e s t  a n e m ia - p r e v e n t in g  p o te n c y ,  f o l 
lo w e d  b y  h e a r t  m u s c le ,  k id n e y ,  s p le e n  a n d  
b r a in .  L iv e r s  o f  v a r io u s  a n im a ls  a p p a r 
e n t ly  c o n ta in  th e  f a c t o r  i n  d i f f e r e n t  c o n 
c e n t r a t io n s .  I t  is  h ig h e s t  i n  b e e f  l i v e r ;

2 Armour Laboratories, Hampden Park, Eastbourne, 
England.

3 Obtained from Messrs. Diapbarm, Amsterdam, 
Netherlands.
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n e x t  f o l lo w  th e  l i v e r  o f  s h e e p , r a t ,  p ig ,  
h u m a n  a n d  c h ic k e n .  M o u s e  l i v e r  se e m s  
to  b e  a p o o r  s o u rc e  as  in d ic a te d  b y  a 
c u r a t iv e  e x p e r im e n t  ( I l a n  a n d  G u g g e n 
h e im ,  ’6 0 ) .  T h e  f a c t o r  is  h e a t- s ta b le  a n d  
p re s e n t  i n  d e s ic c a te d  l i v e r  a t  a p p r o x i 
m a te ly  f iv e fo ld  th e  a m o u n t  o b s e rv e d  in  
f r e s h  l iv e r .

I t  se e m s , th e r e fo r e ,  t h a t  v a r io u s  a n im a l  
t is s u e s ,  a n d  p a r t i c u la r l y  l i v e r ,  c o n ta in  a n  
a n t ia n e m ic  f a c t o r  o th e r  t h a n  i r o n ,  f o l i c  
a c id ,  v i t a m in  B 12 o r  p y r id o x in e .  T h e  o c 
c u r re n c e  i n  c ru d e  l i v e r  e x t r a c ts  o f  s u c h  
a  f a c t o r ( s )  h a s  b e e n  c la im e d  re p e a te d ly  
( W in t r o b e ,  ’5 6 ) .

T h e  m e a t  d ie t ,  e v e n  w h e n  s u p p le m e n te d  
w i t h  f iv e r  a p p e a rs  to  b e  n u t r i t i o n a l l y  i n 
a d e q u a te ,  as o b s e rv e d  f r o m  th e  d e p re s s e d  
g r o w th  a n d  th e  m o r t a l i t y  o f  m ic e  s u b s is t 
in g  o n  i t .  T h e  w e ig h t  o f  y o u n g  m ic e  m a in 
ta in e d  w i t h  a  s to c k  d ie t  o r  a  s e m is y n th e t ic  
f u l l  d ie t  in c r e a s e d  i n  6  w e e k s  b y  1 4 .6  a n d
1 3 .7  g m , re s p e c t iv e ly ,  a n d  a l l  s u r v iv e d  t h a t  
o b s e r v a t io n  p e r io d  ( I l a n  e t  a l. ,  ’6 0 ) .  I t  
m a y  be  in t e r e s t in g  t h a t  th e  n u t r i t i o n a l  i n 
a d e q u a c y  o f  a  m e a t  d ie t  f o r  s m a l l  ro d e n ts  
w a s  o b s e rv e d  1 0 0  y e a rs  a g o  (S a v o ry ,  1 8 6 3 ) .

M ic e  a p p e a r  to  b e  p a r t i c u la r l y  s u s c e p 
t ib le  to  th e  a n e m ia - p r o d u c in g  e f fe c t  o f  a 
m e a t  d ie t .  N o  a n e m ia  o c c u r re d  i n  y o u n g  
r a ts  fe d  th e  s a m e  d ie t  f o r  12  w e e k s .4

SUMMARY

Y o u n g  m ic e  m a in ta in e d  w i t h  a  d ie t  o f  
m u s c le  m e a t  o f  b e e f,  p o r k  o r  c h ic k e n  
d e v e lo p e d  a  s e v e re  a n e m ia .  W h e n  th e

d ie t  c o n s is te d  o f  h e a r t  m u s c le  o f  b e e f  o r  
o f  f is h  m u s c le  n o  a n e m ia  o c c u r re d .

R e p la c e m e n t  o f  o n e  o f  4  p a r ts  o f  b e e f 
m u s c le  b y  f iv e r  c o m p le te ly  p re v e n te d  th e  
a n e m ia .  K id n e y  a n d  s p le e n  w e re  le s s  e f 
fe c t iv e ,  a n d  b r a in  w a s  a lm o s t  in e f fe c t iv e .

L iv e r s  o f  v a r io u s  a n im a ls  e x h ib i t e d  d i f 
f e r e n t  a n e m ia - p r e v e n t in g  p o te n c ie s .  T h e  
m o s t  p o te n t  w e re  b e e f  a n d  s h e e p , f o l lo w e d  
b y  r a t ,  p ig ,  h u m a n  a n d  c h ic k e n  f iv e r .  
S e v e re  h e a t  t r e a tm e n t  o r  d r y in g  o f  th e  
f iv e r  d id  n o t  d e s t ro y  i t s  a n e m ia  p r e v e n t 
in g  p o te n c y .
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Com parative Studies of the Growth-Stimulating 
Properties of Phenothiazine A nalogs in the Rat
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T h e  g r o w th - s t im u la t in g  p ro p e r t ie s  o f  
c h e m ic a l  a d d it iv e s  to  a n im a l  fe e d s  h a v e  
b e e n  o b s e rv e d  in  d o m e s t ic  a n im a ls  f o r  a n t i 
b io t ic s  ( J u k e s  a n d  W i l l ia m s ,  ’5 3 ;  S to k s te d , 
’5 4 ) ,  a n d  h o rm o n e s ,  a rs e n ic a l a n d  t r a n 
q u i l iz e r s  ( E l l i s  e t  a l. ,  ’6 0 ;  S c h u ltz e ,  ’6 0 ) .  
T h is  s t im u la t io n  o f  g r o w th  i n  a n im a ls  
h a s  b e e n  o b s e rv e d  a lm o s t  e x c lu s iv e ly  e i t h e r  
w i t h  n u t r i t i o n a l l y  in a d e q u a te  d ie ts  o r  in  
“ d is e a s e d ”  s ta te s .

M a th u e s  e t  a l.  ( ’5 9 )  re p o r te d  a  s ig n i f i 
c a n t  im p r o v e m e n t  i n  b o d y  w e ig h t  g a in s  o f  
v i t a m in  I k - d e f ic ie n t  r a ts  a d m in is te r e d  a 
p h e n o th ia z in e  t r a n q u i l iz e r ,  c h lo r p r o m a z in e  
h y d r o c h lo r id e . * 1 T h e  s a m e  d ose  le v e ls  o f  
c h lo r p r o m a z in e  t h a t  s t im u la te d  g r o w th  i n  
v i t a m in  B o -d e f ic ie n t m a le  a n d  fe m a le  ra ts  
d e p re s s e d  g r o w th  i n  a n im a ls  fe d  a  n u t r i 
t io n a l l y  a d e q u a te  b a s a l d ie t .  S u lm a n  a n d  
W in n i ic  ( ’5 6 )  a n d  R u p p  a n d  P a s c h k is  ( ’5 7 )  
a ls o  o b s e rv e d  s im i la r  g ro w th - d e p r e s s in g  e f 
fe c ts  f r o m  r e la t iv e ly  h ig h  le v e ls  o f  c h lo r 
p ro m a z in e  in  m a le  a n d  fe m a le  r a ts  m a in 
ta in e d  w i t h  n u t r i t i o n a l l y  a d e q u a te  d ie ts .

E x te n s iv e  f ie ld  te s t in g  o f  v a r io u s  t r a n 
q u i l iz e r s  f o r  g r o w th  e n h a n c e m e n t  a c t iv i t y  
i n  d o m e s t ic  a n im a ls  a p p e a r  to  h a v e  b e e n  
in c o n c lu s iv e  ( A n d r e w s  e t  a l. ,  ’ 5 8 ;  B u r 
ro u g h s  e t  a l. ,  ’5 9 ;  H a le  e t  a h , ’5 9 ;  H a n s a rd  
e t  a l. ,  ’ 5 9 ;  K o la r i  e t  a l. ,  ’5 9 ;  R a ls to n  a n d  
D y e r ,  ’5 9 ;  J o r d a n  a n d  H a n k e ,  ’6 0 ;  P re s to n  
e t a l. ,  ’6 1 ) .

O b s e rv a t io n s  i n  h u m a n  s u b je c ts  h a v e  
b e e n  p u b l is h e d  s h o w in g  t h a t  w e ig h t  g a in s  
o c c u r re d  i n  s o m e  p a t ie n ts  t r e a te d  c h r o n 
i c a l l y  w i t h  p h e n o th ia z in e  t r a n q u i l iz e r s  
( K le t t  a n d  C a f fe y ,  ’6 0 ) .  T h e s e  d a ta  c o n 
f i r m e d  p re v io u s  re p o r ts  o f  w e ig h t  g a in s  
a c c o m p a n y in g  p h e n o th ia z in e  t r e a tm e n ts  
( B o n a fe d e ,  ’5 7 ;  P la n a n s k y ,  ’5 8 ;  P la n a n s k y  
a n d  H e i l iz e r ,  ’5 9 ) .  M o s t  in v e s t ig a to r s  h a v e  
im p l ie d  t h a t  th e re  w a s  a  c o r r e la t io n  b e 

tw e e n  w e ig h t  g a in  a n d  in c re a s e d  fo o d  c o n 
s u m p t io n  i n  th e  t re a te d  p a t ie n ts .  A l t h o u g h  
i t  w a s  th e o r iz e d  b y  th e s e  in v e s t ig a to r s  t h a t  
in c r e a s e d  fo o d  c o n s u m p t io n  w a s  r e la te d  to  
s t im u la t io n  o f  a p p e t ite  b y  th e  d ru g s ,  n o  
p o s it iv e  r e la t io n s h ip  b e tw e e n  w e ig h t  g a in  
a n d  d o s a g e  le v e l c o u ld  be  e s ta b lis h e d .

T h e  p re s e n t  p a p e r  d e s c r ib e s  th e  s tu d ie s  
i n  r a ts  u s e d  to  assess th e  p o te n t ia l  g r o w th -  
s t im u la t in g  p r o p e r t ie s  o f  a n a lo g s  o f  p h e n o 
th ia z in e  p o s s e s s in g  e s ta b lis h e d  t r a n q u i l i z -  
in g  p ro p e r t ie s .  D a ta  a re  re p o r te d  o n  g a in s  
i n  b o d y  w e ig h t  i n  w e a l in g  a n d  y o u n g  a d u l t  
m a le  a n d  fe m a le  r a ts  a n d  i n  y o u n g  a d u l t  
c a s t ra te  m a le s .  E f f ic ie n c y  o f  fo o d  u t i l i z a 
t io n  is  re p o r te d  f r o m  s tu d ie s  w i t h  y o u n g  
a d u l t  m a le  ra ts .  A  s t r u c tu r e - a c t iv i t y  r e 
la t io n s h ip  to  g r o w th - s t im u la t in g  p ro p e r t ie s  
o f  p h e n o th ia z in e  a n a lo g s  is  a ls o  d is c u s s e d .

EXPERIMENTAL

G ro u p s  ( 1 0  r a ts  e a c h )  o f  L o n g - E v a n s  
s t r a in  r a ts  f r o m  th e  c o lo n y  b re d  a n d  m a in 
ta in e d  in  t h is  la b o r a to r y  w e re  u s e d  i n  t h is  
s tu d y .  S ta r t in g  b o d y  w e ig h t  ra n g e s  o f  th e  
e x p e r im e n ta l  r a ts  u s e d  w e re  th e  f o l lo w in g :  
im m a tu r e  m a le s ,  5 0  to  5 5  g m ;  im m a tu r e  
fe m a le s ,  4 5  to  5 0  g m ;  y o u n g  a d u l t  m a le s ,  
1 7 0  to  1 9 0  g m ;  y o u n g  a d u l t  fe m a le s ,  1 5 0  
to  1 7 0  g m ;  y o u n g  a d u l t  c a s t ra te  m a le s  
( c a s t r a te d  th re e  w e e k s  p r io r  to  u s e ) ,  1 8 0  
to  2 0 0  g m . A l l  a n im a ls  w e re  h o u s e d  in  
in d iv id u a l  w ir e - b o t to m  c a g e s  a n d  k e p t  i n  
a  c o n t r o l le d  e n v i r o n m e n t  r o o m  ( 7 6 °  ±  
2 ° F ,  5 0 %  h u m id i t y ) .  S y n th e t ic  b a s a l d ie ts  
a n d  ta p  w a te r  w e re  s u p p l ie d  a d  l ib i t u m .  
T h e  c o m p o s it io n  o f  th e  s y n th e t ic  b a s a l d ie t  
is  d e ta i le d  i n  ta b le  1. B o d y  w e ig h t  g a in s  
w e re  m e a s u re d  w e e k ly .  F o o d  c o n s u m p t io n  
d a ta  w e re  o b ta in e d  d u r in g  th e  la s t  w e e k

R e c e i v e d  f o r  p u b l i c a t i o n  O c t o b e r  1 3 ,  1 9 6 1 .

1 T h o r a z i n e .

3 02 J . N u t r i t i o n , 7 6 :  ’ 6 2
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TABLE 1
C om position  o f syn th etic  basal diet

%
Casein 20.0
Sucrose 51.5
Cellulose, non-nutritive1 4.0
Salts mixture (USP 14) 4.0
Vitamin A and D sucrose mixture2 0.5
Vitamin E sucrose mixture3 1.0
Choline chloride dextrose mixture4 5.0
Multivitamin sucrose mixture5 * * * * 10 4.0
Cottonseed oil 10.0

Total 100.0

1 A l p h a c e l ,  N u t r i t i o n a l  B i o c h e m i c a l s  C o r p o r a t i o n ,  
C l e v e l a n d .

2 1 0 , 0 0 0  USP u n i t s  o f  v i t a m i n  A  a n d  1 , 0 0 0  u n i t s  o f  
v i t a m i n  D 2 / k g  o f  d i e t .

3 1 2 5  I U  o f  d i - a - t o c o p h e r y l  a c e t a ± e / k g  o f  d i e t .
4 1 . 2 0  g m  o f  c h o l i n e  c h l o r i d e / k g  o f  d i e t .
5 C o n t a i n e d  i n  m g / k g  o f  d i e t :  t h i a m i n e - H C 1 ,  1 0 ;  

r i b o f l a v i n ,  1 0 ;  p y r i d o x i n e  ■ H C 1 ,  1 0 ;  C a - D - p a n t o t h e n a t e ,  
6 0 ;  n i a c i n ,  6 0 ;  m e n a d i o n e ,  2 0 0 ;  a s c o r b i c  a c i d ,  2 0 0 ;  
b i o t i n ,  1 ;  f o l i c  a c i d ,  1 0 ;  p - a m i n o b e n z o i c  a c i d ,  4 0 0 ;  
i n o s i t o l ,  8 0 0 ;  v i t a m i n  B i 2 ( 0 . 1 %  ) ,  1 5 0 .

o f  th e  8 -w e e k  e x p e r im e n ta l  p e r io d  i n  th e  
g ro u p s  o f  y o u n g  a d u l t  m a le  ra ts .

B e c a u s e  e a r l ie r  p h e n o th ia z in e  s tu d ie s  
h a d  s h o w n  t h a t  m a x im a l  g r o w th  s t im u la 
t io n  o c c u r re d  w i t h i n  a  n a r r o w  d o se  ra n g e ,  
w i t h  a  m a x im u m  a ro u n d  7 5 .0  ug p e r  k g  o f  
b o d y  w e ig h t  p e r  d a y ,  th e  c o n s ta n t  d o s a g e  
le v e ls  s e le c te d  f o r  t h is  s tu d y  w e re  3 7 .5 ,
7 5 .0  a n d  1 5 0 .0  ug  p e r  k g  o f  b o d y  w e ig h t  
p e r  d a y . T h e  c o m p o u n d s  w e re  in c o r p o 
r a te d  in t o  th e  s y n th e t ic  b a s a l d ie t  a n d  th e  
a m o u n ts  a d ju s te d  w e e k ly  f o r  e a c h  t r e a t 
m e n t  g ro u p  to  c o m p e n s a te  f o r  th e  i n 
c re a s e d  a v e ra g e  b o d y  w e ig h t  o f  th e  ra ts .

T h e  f o l lo w in g  p h e n o th ia z in e  a n a lo g s  
w e re  u s e d  i n  t h is  s tu d y :  (a )  1 0 - ( 3 - d im e th y l-  
a m in o  - 2  - m e th y lp r o p y l )  - 2  - t r i f lu o r o m e th y l  
p h e n o th ia z in e ,  h y d r o c h lo r id e ,  (S K & F  5 3 5 4 -  
A ) ;  ( b )  1 0 - ( 3 - d im e t h y la m in o - 2 - m e t h y l -  
p r o p y l )  - 2 - m e th y l th io p h e n o th ia z in e ,  h y d r o 
c h lo r id e ,  (S K & F  6 2 7 0 - A ) ;  ( c )  1 0 - [ 3 - ( l -  
m e th y l  - 4  - p ip e r a z in y l )  - 2  - m e th y lp r o p y l  ] - 2  - 
t r i f lu o r o m e th y lp h e n o th ia z in e , d ih y d r o c h lo 
r id e ,  (S K & F  5 6 5 7 - A s ) ;  ( d )  N ,N - d im e th y l -
10  - [3  - ( 1  - m e th y l - 4 - p ip e r a z in y l )  p r o p y l ]  -2 -  
p h e n o th ia z in e  s u l fo n a m id e ,  d im e th a n e s u l-  
f o n a te ,  (S K & F  5 8 8 3 - J O ;  ( e )  1 0 - [ 3 - ( l - [ 2 -  
( 2  - h y d r o x y e th o x y ) e th y l ]  - 4  - p ip e r a z in y l )  
p r o p y l ] - 2 - t r i f lu o r o r n e th y lp h e n o th ia z in e ,  d i 
h y d r o c h lo r id e ,  (S K & F  7 2 6 1 -A Z) ;  ( f )  ra c -  
10  - ( 3 - d im e th y la m in o - 2 - m e th y lp r o p y  )  - p h e 
n o th ia z in e ,  t a r t r a t e ,  ( S K & F  5 2 7 7 - F ) ;  a n d  
( g )  1 0 - [3 - (  l - m e th y l - 4 - p ip e r a z in y l ) - p r o p y l ] -  
2  - t r i f lu o r o m e th y lp h e n o th ia z in e ,  d ih y d r o  - 
c h lo r id e ,  ( S K & F  5 0 1 9 -A 2) .

RESULTS

G row th  stu d ies. P e r io d ic  te s t in g  o f  th e  
s y n th e t ic  b a s a l d ie t  u s e d  i n  t h is  s tu d y  h a s  
s h o w n  i t  to  be  e q u a l to  a  c o m m e r c ia l  n a 
t u r a l  d ie t2 f o r  o p t im a l  g r o w th  o f  th e  r a t .  
R e p re s e n ta t iv e  g r o w th  c u rv e s  o f  b o d y  
w e ig h t  g a in s  i n  y o u n g  a d u l t  m a le  r a ts  a re  
p re s e n te d  i n  f ig u r e  1.

D o s e  ra n g e  s tu d ie s  w e re  p e r fo r m e d  in  
th e  y o u n g  a d u l t  m a le  r a t  u s in g  S K & F  
5 3 5 4 -A  a t  le v e ls  o f  3 7 .5 ,  7 5 .0  a n d  1 5 0 .0  
ug p e r  k g  p e r  d a y  ( f ig .  2 ) .  S ig n i f ic a n t  i n 
c re a s e s  i n  b o d y  w e ig h t  g a in  o v e r  t h a t  o f  
c o n t r o l  r a ts  w e re  o b s e rv e d  w i t h  7 5 .0  ug p e r  
k g  p e r  d a y  ( P  <  0 .0 1 )  a n d  w i t h  1 5 0 .0  ug 
p e r  k g  p e r  d a y  ( P  <  0 .0 5 )  a t  th e  e n d  o f  
th e  8 -w e e k  e x p e r im e n ta l  p e r io d .  N o  s ig n i f i 
c a n t  im p r o v e m e n t  i n  g r o w th  w a s  o b s e rv e d  
w h e n  th e  c o m p o u n d  w a s  fe d  a t  a  le v e l  o f
3 7 .5  ug p e r  k g  p e r  d a y .

A  s im i la r  d ose  ra n g e  i n  y o u n g  a d u l t  
m a le  r a ts  w a s  p e r fo r m e d  u s in g  S K & F  
5 6 5 7 -A o  ( f ig .  3 ) .  A t  a  d ie ta r y  le v e l  o f  7 5 .0  
ug p e r  k g  p e r  d a y , S K & F  5 6 5 7 -A 2 s ig n i f i 
c a n t ly  e n h a n c e d  ( P  <  0 .0 0 1 )  b o d y  w e ig h t  
g a in  o v e r  c o n t r o l  w e ig h t  g a in .  N o  s ig n i f i 
c a n t  in c re a s e  o f  w e ig h t  g a in  w a s  o b s e rv e d  
a t  e i t h e r  th e  3 7 .5  o r  1 5 0 .0  ug  p e r  k g  p e r  d a y  
le v e ls .

Fig. 1 Comparison of the growth curves of 
young adult male rats fed synthetic basal and
commercial laboratory chow diets; key; O----- O,
synthetic diet; • ----- • ,  commercial laboratory
chow diet.

2 Purina Laboratory Chow, Ralston Purina Com
pany, St. Louis.
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Fig. 2 Dose range studies of the effects of 
SK&F 5354-A an body weight gain of young adult 
male rats.

Fig. 3 Dose range studies of the effects of 
SK&F 5657-A2 on body weight gain of young adult 
male rats.

I n  a  s u b s e q u e n t e x p e r im e n t  th e  o p t im a l  
d ose  le v e ls  o f  S K & F  5 3 5 4 -A  a n d  S K & F  
5 6 5 7 -A z  w e re  c o m p a r e d  f o r  g r o w th - e n h a n c 
in g  a c t iv i t y  i n  y o u n g  a d u l t  m a le  r a ts  ( f ig .
4 ) .  S ta t is t ic a l  a n a ly s is  o f  th e  g r o w th  p a t 
te r n  o f  th e  r a t s  s h o w e d  t h a t  b o th  c o m 
p o u n d s  s ig n i f ic a n t ly  in c r e a s e d  ( P  <  0 .0 5 )  
w e ig h t  g a in  o f  th e  t r e a te d  r a ts  o v e r  t h a t  
o f  th e  c o n t r o l  r a ts  b e g in n in g  w i t h  th e  se c 

o n d  w e e k  o f  th e  e x p e r im e n t .  T h e s e  d i f f e r 
e n c e s  b e c a m e  h ig h ly  s ig n i f ic a n t  ( P  <  0 .0 1 )  
a t  th e  e n d  o f  th e  f i f t h  w e e k  a n d  in c r e a s e d  
i n  s ig n if ic a n c e  ( P  <  0 .0 0 1 )  a t  th e  e n d  o f  
th e  8 -w e e k  e x p e r im e n ta l  p e r io d .  N o  s ig 
n i f ic a n t  d if fe r e n c e  w a s  o b s e rv e d  in  b o d y  
w e ig h t  g a in  b e tw e e n  th e  tw o  g ro u p s  o f  
d ru g - t r e a te d  ra ts .

O p t im a l  d o se  le v e ls  w e re  d e te r m in e d  f o r  
5  a d d i t io n a l  p h e n o th ia z in e  a n a lo g s ,  S K & F  
6 2 7 0 -A , 5 8 8 3 -Jz , 7 2 6 1 -A * , 5 2 7 7 -F ,  5 0 1 9 - A 2, 
a n d ,  i n  e a c h  c a se , t h is  le v e l w a s  o b s e rv e d  
to  b e  7 5 .0  ag p e r  k g  o f  b o d y  w e ig h t  p e r  d a y . 
C o m p a r a t iv e  g r o w th  s tu d ie s  b e tw e e n  S K & F  
5 3 5 4 -A  a n d  th e  a b o ve  5  c o m p o u n d s  a t  7 5 .0  
ag p e r  k g  o f  b o d y  w e ig h t  p e r  d a y  w e re  
c a r r ie d  o u t  o n  y o u n g  a d u l t  m a le  ra ts .  I n  
a d d i t io n ,  a  b a s a l c o n t r o l  g ro u p  w a s  i n 
c lu d e d  i n  e a c h  s tu d y .

S ig n i f ic a n t ly  e n h a n c e d  g r o w th  w a s  o b 
s e rv e d  f o r  e a c h  o f  th e  p h e n o th ia z in e  a n a 
lo g s  o v e r  t h a t  o f  th e  b a s a l c o n t r o ls  ( P  <  
0 .0 1  f o r  S K & F  5 3 5 4 -A , 5 8 8 3 -J 2, 5 2 7 7 -F ,  
5 0 1 9 -A 2 a n d  P <  0 .0 5  f o r  S K & F  6 2 7 0 -A ,  
7 2 6 1 -A 2) .  S u b s t itu t io n s  o n  th e  p h e n o th ia 
z in e  m o ie ty  a n d  th e  d e g re e  o f  g r o w th  e n 
h a n c e m e n t  ( r e la t iv e  to  S K & F  5 3 5 4 - A )  a re  
l is te d  i n  ta b le  2 .

I n  a n  in v e s t ig a t io n  o f  th e  e f fe c t  o f  s e x  
o f  th e  r a t  o n  th e  g r o w th - s t im u la t in g  p r o p 
e r t y  o f  th e  p h e n o th ia z in e s ,  S K & F  5 3 5 4 -A  
a n d  S K & F  6 2 7 0 -A  w e re  te s te d  i n  y o u n g  
a d u l t  fe m a le  r a ts  ( f ig .  5 ) .  S K & F  6 2 7 0 -A

W E E K S

Fig. 4 Comparison of the growth-stimulating 
effects of SK&F 5354-A and SK&F 5657-A2 fed at 
a level of 75.0 jug/kg/day on body weight gain 
of young adult male rats.
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TABLE 2
Structure a ctivity relationship

SY %
Phenothiazine Moiety

Growth Stimulation Activ ity
R, R2 (Relative to SK&F 5354)

SK&F 5354 -CF3 -CH2CHCH2H(CH3) 2

/ \
SK&F 5657 -CF3 -CH2CHCH2N NCH3

‘ 1 \ — y
CH3

/ — “ \
SK&F 5019 -c f 3 -CH2CH2CH2N HCH3 =

\ _ _ /
/ - \

SK&F 7261 -c f 3 -CH2CH2CH2N NCH2CH2OCH2CH2OH <
\ ___

SK&F 5277 -H -CH2CHCH2N(CH3)2 <

c h 3

SK&F 6270 -SCH3 -CH2CHCH2N(CHq)
1 2 <
1

c h 3

/ ~ \
<SK&F 5883 -S02N(CH3)2 -CH2CH2CH2N n c h 3

\ _ /

a t  1 5 .0  a n d  7 5 .0  ag  p e r  k g  o f  b o d y  w e ig h t  
p e r  d a y  h a d  n o  a p p a r e n t  e f fe c t ;  S K & F  
5 3 5 4 -A  s ig n i f ic a n t ly  d e p re s s e d  ( P  <  0 .0 5 )  
w e ig h t  g a in  b e lo w  t h a t  o f  th e  c o n t r o l  f e 
m a le  g ro u p .

B e c a u s e  g r o w th  e n h a n c e m e n t  w a s  o b 
s e rv e d  w h e n  th e  p h e n o th ia z in e s  w e re  fe d  
to  y o u n g  a d u l t  in t a c t  m a le  r a ts  b u t  n o t  
w h e n  fe d  to  y o u n g  a d u l t  f e m a le  r a ts ,  a 
s e r ie s  o f  s tu d ie s  w e re  d e s ig n e d  to  p u rs u e  
th e  p r o b le m  o f  s e x - l in k e d  g r o w th  r e 
sp o n s e s . B e c a u s e  o f  th e s e  g r o w th  d i f f e r 
e n c e s  th e  s tu d y  w a s  c o n t in u e d  in  y o u n g  
a d u lt  c a s t ra te  m a le  r a ts  ( f ig .  6 ) .  B o d y  
w e ig h t  g a in s  o f  th e  c a s t ra te  m a le  r a ts  w e re  
n o t  in c re a s e d  b y  S K & F  5 3 5 4 -A  o r  b y  S K & F

6 2 7 0 -A ,  b o th  fe d  a t  7 5 .0  ag  p e r  k g  p e r  d a y , 
o v e r  th e  g a in s  a t ta in e d  b y  c o n t r o l  c a s t ra te  
m a le  ra ts .

T h e s e  o b s e rv a t io n s  n e x t  le d  to  th e  u se  
o f  im m a tu r e  m a le  a n d  fe m a le  r a ts  f o r  
g ro w th - e n h a n c e m e n t  s tu d ie s .  S u p p le m e n t 
in g  th e  d ie t  o f  im m a tu r e  m a le  r a ts  w i t h  
e i t h e r  7 5 .0  o r  1 5 0 .0  ag  o f  S K & F  5 3 5 4 -A  
p e r  k g  p e r  d a y  d id  n o t  s ig n i f ic a n t ly  im p r o v e  
b o d y  w e ig h t  g a in s  w h e n  c o m p a r e d  w i t h  
th o s e  o f  th e  c o n t r o l  r a ts  d u r in g  th e  8 -w e e k  
e x p e r im e n ta l  p e r io d  ( f ig .  7 ) .  H o w e v e r ,  as 
th e  a n im a ls  m a tu r e d  d u r in g  g r o w th ,  i n 
c re a s e d  b o d y  w e ig h t  g a in  b e c a m e  e v id e n t  
b u t  n e v e r  b e c a m e  s ig n i f ic a n t ly  g re a te r  th a n  
t h a t  o f  th e  c o n t ro ls .  I n  a p a r a l le l  e x p e r i-
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Fig. 5 A study of the growth-stimulating ef
fects of SK&F 5354-A and SK&F 6270-A in young 
adult female rats.

Fig. 6 Growth curves of body weight gains of 
young adult castrate male rats fed diets supple
mented with SK&F 5354-A and SK&F 6270-A.

m e n t  u s in g  im m a tu r e  fe m a le  r a ts ,  S K & F  
5 3 5 4 -A  a t  s im i la r  le v e ls  i n  th e  d ie t  h a d  
n o  g r o w th - e n h a n c e m e n t  e f fe c t ,  a n d  c o n 
t r a r y  to  th e  o b s e rv a t io n s  w i t h  th e  im m a 
tu r e  m a le  r a ts ,  l i t t l e  o r  n o  in c r e a s e  in  
g r o w th  o c c u r re d  i n  th e  p h e n o th ia z in e -  
s u p p le m e n te d  r a ts  as th e y  m a tu r e d  ( f ig .  8 ).

E ffic ien cy  o f  fo o d  u tiliza tion . F o o d  c o n 
s u m p t io n  w a s  re c o rd e d  o n ly  f o r  y o u n g  
a d u l t  m a le  r a ts  i n  s e v e ra l o f  th e  e x p e r i 
m e n ts  re c o rd e d  i n  t h is  r e p o r t  ( t a b le  3 ) .  
F r o m  th e s e  d a ta  a n d  f r o m  th e  b o d y  w e ig h t

g a in  o f  th e  r a ts ,  th e  e f f ic ie n c y  o f  fo o d  u t i l i 
z a t io n  w a s  c a lc u la te d .  A l l  g ro u p s  o f  a n i 
m a ls  r e c e iv in g  a  p h e n o th ia z in e  a n a lo g  in  
th e  d ie t  c o n s u m e d  m o re  fo o d  t h a n  th e  c o n 
t r o l  a n im a ls .  A l l  t r e a te d  a n im a ls  w e re  o b 
s e rv e d  to  g a in  m o re  b o d y  w e ig h t  t h a n  th e  
c o n t r o l  r a ts  d u r in g  th e  e ig h th  w e e k  o f  th e  
e x p e r im e n t .  D e s p ite  th e  in c re a s e  i n  fo o d  
c o n s u m p t io n ,  a l l  g ro u p s  o f  o p t im a l ly  s u p 
p le m e n te d  r a ts  t h a t  w e re  o b s e rv e d  to  g a in  
s ig n i f ic a n t ly  m o re  w e ig h t  t h a n  th e  c o n t r o ls

Fig. 7 Studies of the growth-stimulating prop
erties of SK&F 5354-A on body weight gain of 
immature male rats.

Fig. 8 Studies of the growth-stimulating prop
erties of SK&F 5354-A on body weight gain of im
mature female rats.
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TABLE 3
Com parative studies o f  the effects o f  phenothiazine analogs on the efficiency o f  food  

utilization in  the you n g adult m ale rats

Phenothiazine
analogs1

Amt. dietary 
drug

supplement
Food

consumed/ 
rat/week2

Av. body 
weight gain/ 

rat/week

Amt. food 
consumed/ 
gm weight 

gain

Efficiency 
of food 

utilization3

fig/kg body 
weight/day gm gm gm %

Control none 116.2 11.3 10.28 100.0
SK & F 5354-A 37.5 126.5 14.3 8.85 116.2
SK & F 5354-A4 75.0 126.7 15.5 8.17 125.8
SK & F 5354-A 150.0 123.6 14.0 8.83 116.4
SK & F 6270-A 75.0 128.2 15.5 8.27 124.3

Control none 112.4 18.1 6.21 100.0
SK & F 5354-A4 75.0 122.9 22.5 5.46 113.8
SK & F 5657-Aî 37.5 119.4 18.8 6.29 98.7
SK & F 5657-A2 75.0 125.7 22.1 5.69 109.1
SK & F 5657-A2 150.0 114.1 20.0 5.71 108.7

Control none 118.0 18.1 6.52 100.0
SK & F 5354-A4 75.0 120.2 21.7 5.54 117.6
SK & F 5883-Jz 75.0 125.4 20.9 6.00 108.7
SK & F 7261-A2 75.0 129.1 20.1 6.42 101.6

1 Results of three separate studies are detailed.
2 Food consumption studies determined during 8th week in young adult male rats fed the synthetic 

diets.
3 Control groups are arbitrarily assigned a rating of 100.0%.
4 Reference compound at dietary level producing maximum growth enhancing effects.

w e re  c a lc u la te d  a ls o  to  h a v e  h ig h e r  e f f i 
c ie n c y  o f  fo o d  u t i l i z a t io n  t h a n  th e  c o n t ro ls .

DISCUSSION

E a r ly  in c o n s is te n t  r e p o r ts  o f  g r o w th  e n 
h a n c e m e n t  w i t h  p h e n o th ia z in e  t r a n q u i l i 
z e rs  i n  f ie ld  t r ia ls  w i t h  d o m e s t ic  a n im a ls  
a n d  re p o r ts  o f  o b e s ity  i n  s c h iz o p h r e n ic  p a 
t ie n ts  r e c e iv in g  t r a n q u i l i z e r  t h e r a p y  le d  to  
th e  i n i t i a l  la b o r a to r y  e v a lu a t io n  o f  th e s e  
p h e n o m e n a .  T h e  la b o r a to r y  e x p e r im e n ts  
re v e a le d  t h a t  i n  o r d e r  to  o b ta in  c o n s is te n t  
g r o w th  e n h a n c e m e n t  c e r ta in  e x p e r im e n ta l  
c o n d i t io n s  m u s t  be  c o n s id e re d .  E r r a t ic  r e 
s u lts  w e re  o b s e rv e d  i n  e a r ly  la b o r a to r y  
t r ia ls  a n d  t h is  le d  to  a  s t r ic t  p r o to c o l f o r  e x 
p e r im e n ta l  p ro c e d u re s  f o r  u t i l i z i n g  p h e n o -  
th ia z in e s  as g ro w th - e n h a n c e m e n t  a g e n ts . 
B e c a u s e  p h e n o th ia z in e s  a re  k n o w n  to  be  
s e n s it iv e  to  fa c to r s  s u c h  as h e a t,  l i g h t  a n d  
o x y g e n ,  i t  w a s  e s s e n t ia l t h a t  d ie ts  be  p r e 
p a re d  f r e q u e n t ly ,  k e p t  r e f r ig e r a te d  u n t i l  
n e e d e d , a n d  t h a t  a l l  fo o d  a n d  g la s s  fo o d  
c u p s  b e  c h a n g e d  d a i ly .

I t  w a s  o b s e rv e d  v e r y  e a r ly  i n  o u r  s tu d ie s  
t h a t  a  n a r r o w  d o s e -re s p o n s e  c u rv e  w a s  o b 
ta in e d  w i t h  th o s e  p h e n o th ia z in e s  te s te d  
u n d e r  th e  e x p e r im e n ta l  c o n d it io n s .  B e 
c a u s e  th e  d ie ta r y  le v e ls  o f  th e  p h e n o th i 
a z in e s  a re  so s m a l l  c o m p a re d  w i t h  th o s e

re q u ir e d  to  s h o w  g ro s s ly  o b s e rv a b le  p h a r 
m a c o lo g ic a l a c t iv i t y ,  i t  w o u ld  be  e a s y  to  
o v e rd o s e  a n d  c o m p le te ly  m is s  th e  g r o w th 
e n h a n c in g  a c t iv i t y  o f  th e s e  a n a lo g s .  W i t h  
th e  p h e n o th ia z in e s  s tu d ie d ,  th e  o p t im a l  
d ose  le v e l  c o n s is te n t ly  a p p r o x im a te d  7 5  ug 
p e r  k g  o f  b o d y  w e ig h t  p e r  d a y  ( c o m p u te d  
in  th e  2 0 0 -g m  r a t  c o n s u m in g  15  g m  o f  
fo o d  p e r  d a y  to  b e  1 p p m . i n  th e  f o o d ) .  
D o s a g e  le v e ls  o f  th e  p h e n o th ia z in e s  a t  o n e - 
h a l f  a n d  tw ic e  th is  le v e l  c o n s is te n t ly  g a ve  
le ss  g r o w th  s t im u la t io n  th a n  d id  th e  o p t i 
m a l  7 5  ug p e r  k g  p e r  d a y  le v e l.

A p p e t i te  s t im u la t io n  w a s  a p p a r e n t  i n  a l l  
g ro u p s  o f  a n im a ls  r e c e iv in g  th e  p h e n o th i 
a z in e  a n a lo g s . B u t ,  in c re a s e d  b o d y  w e ig h t  
g a in  i n  th e  t re a te d  a n im a ls  w a s  n o t  d u e  
to  in c r e a s e d  fo o d  in ta k e  a lo n e  b u t  r a t h e r  
to  a  c o m b in a t io n  o f  in c re a s e d  fo o d  in ta k e  
a n d  g re a te r  e f f ic ie n c y  o f  fo o d  u t i l i z a t io n .  
G e n e ra l ly  th e  in c re a s e d  fo o d  e f f ic ie n c y  w a s  
g re a te s t  i n  th o s e  g ro u p s  o f  r a ts  re c e iv in g  
d ie ta r y  le v e ls  o f  th e  c o m p o u n d s  t h a t  e x 
h ib i t e d  m a x im a l  g r o w th - s t im u la t in g  a c t iv 
i t y .

A l th o u g h  a l l  o f  th e  p h e n o th ia z in e  a n a 
lo g s  s tu d ie d  w e re  f o u n d  to  p ro d u c e  g r o w th  
s t im u la t io n ,  s u b s t i t u t io n s  o n  th e  p h e n o th i 
a z in e  m o ie ty  c h a n g e d  th e  d e g re e  o f  th e  e n 
h a n c in g  a c t iv i t y  o f  th e  c o m p o u n d  ( ta b le  2 ).
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T h e  m o s t  h ig h ly  a c t iv e  a n a lo g s  te s te d  c o n 
ta in e d  a  t r i f lu o r o m e th y l  s u b s t i t u t io n  a t  R i.  
S u b s t itu t io n s  o n  th e  R 2 p o s i t io n  s h o w e d  
t h a t  th e  m e th y l  r a d ic a l  i n  th e  2 -p o s it io n  o n  
th e  p r o p y l  s id e  c h a in  w a s  n o t  n e c e s s a ry  
f o r  a c t i v i t y  a n d  t h a t  a  m e th y l  p ip e r a z in y l  
g ro u p  w a s  n o t  s ig n i f ic a n t ly  d i f f e r e n t  i n  
g r o w th  a c t iv i t y  f o r  a  d im e th y la m in o  g ro u p . 
R e m o v a l o f  th e  t r i f lu o r o m e th y l  s u b s t i t u t io n  
a t  R i,  o r  r e p la c e m e n t  a t  t h is  p o s i t io n  w i t h  
a  t h io m e t h y l  o r  a  s u l fo n a m id e  g ro u p ,  r e 
s u lte d  i n  s o m e  d e c re a s e  i n  g r o w th - s t im u 
la t in g  a c t iv i t y .  R e d u c t io n  i n  g r o w th - s t im u 
la t in g  p ro p e r t ie s  a ls o  o c c u r re d  w i t h  th e  
a d d i t io n  o f  a n  e th e r  l in k a g e  o r  le n g th e n in g  
o f  th e  s id e  c h a in  a t  th e  R 2 p o s i t io n  o n  th e  
p h e n o th ia z in e  m o ie ty .

T h e  d a ta  in d ic a te  t h a t  th e  e ffe c t iv e n e s s  
o f  th e  p h e n o th ia z in e s  as  g ro w th - e n h a n c in g  
a g e n ts  is  s e x - l in k e d .  N o  s ig n i f ic a n t  e n 
h a n c e m e n t  o f  g r o w th  w a s  o b s e rv e d  i n  th e  
s tu d ie s  w i t h  th e  p h e n o th ia z in e s  a d m in is 
te re d  to  y o u n g  a d u l t  fe m a le  r a ts  o r  to  i m 
m a tu r e  m a le  o r  fe m a le  ra ts .  S K & F  5 3 5 4 -A , 
a t  7 5  ug p e r  k g  o f  b o d y  w e ig h t  p e r  d a y  a c tu 
a l ly  c a u s e d  a  d e p re s s io n  i n  r a te  o f  g r o w th  
o f  fe m a le  ra ts .  F u r th e r m o r e ,  i t  w a s  o b 
s e rv e d  t h a t  c a s t r a t io n  o f  y o u n g  a d u l t  m a le  
ra ts  m a d e  th e  a n im a ls  in s e n s i t iv e  to  th e  
g ro w th - e n c h a n c in g  p ro p e r t ie s  o f  th e  c o m 
p o u n d s .  T h e  a b o ve  o b s e rv a t io n s  h a v e  le d  
to  th e  c o n c lu s io n  t h a t  th e  g r o w th - s t im u 
la t in g  e ffe c ts  o f  th e  p h e n o th ia z in e s  m ig h t  
be  d e p e n d e n t  o n  th e  p re s e n c e  o f  th e  m a le  
s e x  h o rm o n e  i n  th e  te s t  a n im a l.

I t  m ig h t  be  s p e c u la te d  t h a t  a r e la t io n 
s h ip  e x is ts  b e tw e e n  th e  g r o w th - s t im u la t in g  
a c t iv i t y  o f  th e  p h e n o th ia z in e s  a n d  a sex- 
l in k e d  f a c t o r  i n  ra ts .  H o w e v e r ,  o n  th e  
b a s is  o f  th e  e x p e r im e n ta l  e v id e n c e  p r e 
s e n te d  i n  t h is  s tu d y  i t  is  n o t  p o s s ib le  to  
c le a r ly  d e f in e  a  m e c h a n is m  o f  a c t io n  to  
e x p la in  th e  g r o w th - s t im u la t in g  p ro p e r t ie s  
o f  th e s e  c o m p o u n d s .

SUMMARY
G r o w th - s t im u la t in g  p r o p e r t ie s  a n d  e f f i 

c ie n c y  o f  fo o d  u t i l i z a t io n  o f  p h e n o th ia z in e  
a n a lo g s  w e re  s tu d ie d  i n  th e  r a t .  W i t h in  a 
n a r r o w  d o se  ra n g e  i t  w a s  o b s e rv e d  t h a t  
c e r ta in  p h e n o th ia z in e  a n a lo g s  s ig n i f ic a n t ly  
s t im u la te d  th e  g r o w th  o f  y o u n g  a d u l t  m a le  
ra ts .  N o  s ig n i f ic a n t  g r o w th  s t im u la t io n  
w a s  o b s e rv e d  w h e n  th e s e  c o m p o u n d s  w e re  
a d m in is te r e d  to  y o u n g  a d u l t  fe m a le  ra ts ,

im m a tu r e  m a le  o r  fe m a le  r a ts  o r  to  y o u n g  
a d u l t  c a s t ra te  m a le  ra ts .

F o o d  c o n s u m p t io n  d a ta  c o lle c te d  d u r in g  
th e  e ig h th  w e e k  o f  t e s t in g  in d ic a te d  t h a t  
c h r o n ic  a d m in is t r a t io n  o f  th e  p h e n o th i 
a z in e s  s t im u la te d  a p p e t ite  a n d  in c r e a s e d  
th e  e f f ic ie n c y  o f  fo o d  u t i l i z a t io n  i n  y o u n g  
a d u l t  m a le  ra ts .

S t r u c tu r e - a c t iv i t y  r e la t io n s h ip s  to  g r o w th -  
s t im u la t in g  p ro p e r t ie s  o f  th e  p h e n o th i 
a z in e s  s tu d ie d  w e re  d is c u s s e d .
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Excretion of D-Lactic Acid by Humans* 1 2

M A R K  A. JUDGE a n d  J. V A N  EYS *
D epa rtm en t o f  B ioch em istry , Vanderbilt U niversity School o f M ed icin e, 
N ash ville , T en n essee

I n  m o s t  o f  th e  e x te n s iv e  s tu d ie s  i n  m a n  
o f  la c t ic  a c id  e x c r e t io n  ( F e ld m a n n  a n d  
H i l l ,  ’ l l ;  R y f fe l ,  ’ 0 9 - ’ 1 0 ; L e w is  e t  a l. ,  ’2 5 ;  
L i l je s t r a n d  a n d  W i ls o n ,  ’2 5 ;  J o h n s o n  a n d  
E d w a rd s ,  ’3 7 )  n o  d is t in c t io n  h a s  b e e n  m a d e  
b e tw e e n  th e  o p t ic a l  is o m e rs .  I n  th o s e  i n 
s ta n c e s  w h e re  l - ( + ) -  a n d  d - (—)- l a c t ic 3 w e re  
s e p a ra te ly  e s t im a te d ,  o p t ic a l  r o t a t io n  w a s  
th e  m e a n s  o f  d is t in g u is h in g  th e  is o m e rs  
( C r a ig ,  ’4 6 ) .  T h is  m e th o d  is  in s e n s i t iv e  
d u e  to  th e  lo w  m o la r  r o t a t io n  o f  la c t ic  
a c id .

D -L a c t ic  a c id  is  p o o r ly  u t i l i z e d  i n  th e  
m a m m a l ia n  o r g a n is m  ( C o r i  a n d  C o r i,  ’ 2 9 )  
a lth o u g h  i t  is  s ig n i f ic a n t ly  b u t  w e a k ly  g ly 
c o g e n ic  i n  th e  s ta rv e d  r a t .  S tu d ie s  i n  n o r 
m a l  a n d  t h ia m in e - d e f ic ie n t  r a ts  in d ic a te  
t h a t  D - la c t ic  a c id  is  e x c re te d  n o r m a l ly  b y  
t h is  s p e c ie s  ( v a n  E y s  e t  a l. ,  ’ 6 2 ) .  I n  th e s e  
s tu d ie s  la c t ic  a c id  w a s  m e a s u re d  b y  b o th  
a  s p e c if ic  e n z y m a t ic  t e c h n iq u e  a n d  m ic r o -  
b io lo g ic a l ly ,  u s in g  a  m u ta n t  o f  L a cto b a c il
lus ca se i, d e s ig n a te d  2 8 0 - 1 6 .  T h is  m u ta n t  
w a s  d e s c r ib e d  b y  C a m ie n  a n d  D u n n  ( ’ 5 3 ) ,  
a n d  w a s  th e  s u b je c t  o f  e x te n s iv e  s tu d ie s  b y  
th e s e  in v e s t ig a to r s .  I t  re s p o n d s  a ls o  to  
o th e r  D -a -h y d ro x y  a c id s  (C a m ie n  a n d  D u n n ,  
’ 5 3 ;  ’ 5 4 )  a n d  to  a  le s s e r  e x te n t  to  d - 1 , 2 -  
a lk a n e d io ls  ( C a m ie n  e t  a l. ,  ’ 5 6 ) .  H o w e v e r ,  
i n  u r in e  D - la c t ic  a c id  c o m p r is e s  a p p a r e n t ly  
a  m a jo r  p o r t io n  o f  th e  g r o w th  s t im u la t in g  
s u b s ta n c e s  i n  u r in e .

M ETHO DS
T h e  D - la c t ic  a c id  s p e c if ic  d e h y d ro g e n a s e  

f r o m  L e u co n o s to c  m esen te ro id es  w a s  p r e 
p a re d  as d e s c r ib e d  e ls e w h e re  ( v a n  E y s  
e t  a l. ,  ’6 2 ) .  T o ta l  la c t ic  a c id  w a s  m e a s u re d  
b y  th e  m e th o d  o f  B a r k e r  a n d  S u m m e rs o n  
( ’4 1 ) .  D -L a c t ic  a c id  w a s  e s t im a te d  m ic r o -  
b io lo g ic a l ly ,  w i t h  L .  ca se i  2 8 0 -1 6 ,4 u s in g  
th e  m e d iu m  p a t te r n e d  a f t e r  t h a t  d e s c r ib e d  
b y  C a m ie n  a n d  D u n n  ( ’5 3 ) .  I t s  c o m p o s i
t io n  is  g iv e n  i n  ta b le  1.

T w e n ty - fo u r - h o u r  u r in e  c o l le c t io n s  w e re  
a ss a y e d  w h e re  p o s s ib le ;  h o w e v e r ,  f o r  s o m e  
p a t ie n ts  o n ly  e a r ly  m o r n in g  s p e c im e n s  
w e re  a v a ila b le .

RESULTS A N D  DISCUSSION
d -L a ctic  a cid  e x c r e t io n  in  n orm a l h u m a n  

u rin e. T h e  a ss a y  f ig u re s  f o r  t o t a l  a n d  
D - la c t ic  a c id  o b ta in e d  in  n o r m a l  h u m a n  
u r in e  a re  l is te d  i n  ta b le  2 . G re a t  v a r ia t io n  
b e tw e e n  n o r m a ls  o c c u r re d  as m ig h t  b e  e x 
p e c te d ,  s in c e  th e  a c t iv i t y  o f  th e  in d iv id u a ls  
w a s  n o t  e q u a liz e d .  H o w e v e r ,  a  g iv e n  s u b 
je c t  r e m a in e d  a p p a r e n t ly  f a i r l y  c o n s ta n t .  
A s  a n  e x a m p le :  T h re e  d i f f e r e n t  s u b je c ts  
g a v e , o n  a n a ly s is  o f  tw o  s e p a ra te  2 4 -h o u r  
c o l le c t io n s ,  th e  f o l lo w in g  v a lu e s  f o r  t o ta l  
la c t ic  a c id  ( i n  u m o le s  p e r  2 4  h o u r s ) :  2 5 1  
a n d  2 6 3 ;  7 4 5  a n d  9 4 1 ;  a n d  2 3 7  a n d  3 3 0 .

L a c t ic  a c id  e x c r e t io n  r is e s  s e v e ra l h u n 
d re d  f o ld  o n  e x e rc is e  ( ta b le  3 ) .  H o w e v e r ,  
th e  in c re a s e  is  a lm o s t  e x c lu s iv e ly  d u e  to  
th e  l - f o r m ,  th e  d - f o r m  s h o w in g  o n ly  a 
m o d e ra te  in c re a s e  d u e  to  e x e rc is e . T h e  
s m a l l  in c r e m e n t  f o l lo w in g  e x e rc is e  m a y  
be  th e  r e s u l t  o f  a n  in c re a s e d  p r o d u c t io n ,  
b u t  m o re  l i k e ly  re f le c ts  th e  c o m p e t i t io n  
b e tw e e n  th e  tw o  is o m e rs  f o r  re a b s o r p t io n  
i n  th e  k id n e y  ( C r a ig ,  ’4 6 ) .

E v id en ce  fo r  th e  o c c u r r e n c e  o f  D -lactic 
acid. S in c e  th e  m e th o d  u s e d  f o r  m e a s u r 
in g  la c t ic  a c id  is  n o t  a b s o lu te ly  s p e c if ic  f o r  
D - la c t ic  a c id  b e c a u s e  o th e r  D -a -h y d ro x y -  
a c id s  s h o w  s o m e  g r o w th  p r o m t in g  a c t iv i t y ,  
i t  w a s  im p o r t a n t  to  d e te r m in e  t h a t  D - la c t ic  
a c id  w a s  b e in g  m e a s u re d .  T h a t  th e  d - 
la c t ic  a c id  d oe s  n o t  a r is e  f r o m  ra c e m iz a -  
t io n  d u r in g  th e  m a n ip u la t io n s  o f  th e  a ss a y
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L - ( + ) - l a c t i c  a c i d  i s  t h e  n a t u r a l  i s o m e r  f o r m e d  t h r o u g h  
t h e  a c t i o n  o f  m a m m a l i a n  l a c t i c  d e h y d r o g e n a s e s .

4 W e  a r e  g r a t e f u l  t o  D r .  M a x  S .  D u n n  f o r  s u p p l y 
i n g  u s  w i t h  a  c u l t u r e  o f  t h i s  o r g a n i s m .

3 1 0 J .  N u t r i t i o n , 76: ’ 6 2
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t a b l e  1

C om position  o f  basal m edia  for  L . casei 2 8 0 -1 6  in lactic acid determ ination1

Vitamin-free casein hydrolysate2 10 ml Xanthine 25 mg
Tryptic digest of casein3 50 ml Sodium chloride 20 mg
Glucose 40.0 gm FeS04 H20 20 mg
Sodium acetate 24.0 gm MnS04-H20 15 mg
Ammonium chloride 8.0 gm Nicotinic acid 10 mg
k h 2p o 4 1.0 gm Pyridoxine-HCl 10 mg
K2HP0 4 1.0 gm Calcium pantothenate 5 mg
MgS04-7H20 400 mg Riboflavin 5 mg
L-Cystine 400 mg Thiamine-chloride-hydrochloride 5 mg
DL-Tryptophan 400 mg Pyridoxal-hydrochloride 3 mg
Adenine sulfate 25 mg Pyridoxamine-dihydrochloride 3 mg
Guanine HC1 25 mg PABA 1.0 mg
Uracil 25 mg PGA 0.1 mg

Biotin 0.01 mg

1 A m o u n t s  g i v e n  a r e  f o r  1 0 0  m l  o f  d o u b l e  s t r e n g t h  m e d i u m .
2 N u t r i t i o n a l  B i o c h e m i c a l s  C o r p o r a t i o n ,  C l e v e l a n d .
3 1 0 0  g m  o f  c a s e i n ,  s u s p e n d e d  i n  1 0 0  m l  o f  w a t e r ,  w a s  d i g e s t e d  a t  p H  8  t o  9  f o r  4 8  h o u r s  w i t h  1 0 0  m g  o f  t r y p 

s i n  a n d  1 0 0  m g  o f  c h y m o t r y p s i n .

T A B L E  2

U rinary output o f  d( — ) and total lactic acid in  norm al h um an urine

Subject 24-hour
volume Total lactic acid D-Lactic acid D-Lactic

acid

ml fimoles/ml ¡imoles/ 
24 hours p.moles/ml fimoles/ 

24 hours %

B.L. 820 0.31 254.2 0.083 68 26.7
S.A. 1300 0.21 273 0.054 70.2 25.7
M.L. 1920 0.32 614.4 0.091 174.7 28.4
J.J. 1510 0.25 377.5 0.051 77 20.4
K.W. 1290 0.71 916 0.036 46.4 5.1
R.N. 1940 0.25 485 0.083 161 33.2
H.A. 1750 0.21 367.5 0.09 157.5 42.9
R.A. 1240 0.29 359.6 0.127 157.5 43.8
R.H. 1900 0.28 532 0.053 100.7 18.9
B.A. 1150 0.33 379.5 0.10 115 30.3
G.R. 2190 0.24 525.6 0.036 78.8 15
T.O. 1840 0.13 239.2 0.025 46 19.2
G.U. 2450 0.19 465.5 0.033 80.9 17.5
W.O. 960 0.56 537.6 0.057 54.7 10.2
T.F. 660 0.44 290.4 0.165 108.9 37.5
B.H. 1330 0.42 558.6 0.059 78.5 14.1
N.I. 1260 0.49 617.4 0.19 239.4 38.8
W.A. 660 0.51 336.6 0.14 92.4 27.5
G.I. 1080 0.36 388.8 0.08 86.4 22.2
O.W. 1620 0.36 583.2 0.04 64.8 11.1

Average1 1444 0.34 ± 0 .1 3 455 ± 1 5 4 0.08 ± 0 .0 46 102.9±  50 24.42 ±  11

1 Figures are given with their standard deviation.

T A B L E  3

E ffects o f  exercise on urinary lactic acid excretion

Subject Sample Total 
lactic acid

D-Lactic
acid

D-Lactic
acid

fimoles/ml ¡imoles/ml %
M.J. Before exercise 0 . 4 9 0 . 1 1 2 2 . 4

After exercise1 181.2 1.19 0 . 6 6

S.A. Before exercise 0.29 0.061 2 1 . 0

After exercise 86.8 1.39 1 . 6

1 A  u r i n e  s a m p l e  w a s  c o l l e c t e d  b e f o r e  e a c h  i n d i v i d u a l  r a n  t w o  t i m e s  u p  a n d  d o w n  9  f l i g h t s  o f  
s t a i r s ,  t h e n  a n o t h e r  s a m p l e  w a s  t a k e n  3 0  m i n u t e s  f o l l o w i n g  e x e r c i s e .
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is  e v id e n t  f r o m  ta b le  3 . T h e  e x t r e m e ly  
s m a l l  p e rc e n ta g e  o f  D - la c t ic  a c id  e x c re te d  
i n  s u b je c t  M .  J . a f t e r  e x e rc is e  in d ic a te s  
t h a t  th e  L - la c t ic  a c id  is  n o t  ra c e m iz e d  
u n d e r  th e  c o n d i t io n s  u s e d . T h a t  la c t ic  a c id  
w a s  m e a s u re d  w a s  in d ic a te d  b y  i t s  is o la 
t io n .  A  2 4 -h o u r  s a m p le  o f  h u m a n  u r in e  
w a s  c o n c e n tr a te d  in  v a c u o  a t  r o o m  te m p e r 
a tu re .  T h e  f i n a l  c o n c e n tr a te ,  a p p r o x i
m a te ly  2 0 0  m l ,  w a s  a c id i f ie d  w i t h  s u l f u r ic  
a c id  to  c o n g o  re d  a n d  c o n t in u o u s ly  e x 
t r a c te d  f o r  4 8  h o u r s  w i t h  d ie t h y l  e th e r .  
T h e  re s id u e  f r o m  th e  e th e r  e x t r a c t  w a s  d is 
t r ib u te d  b e tw e e n  d i is o p r o p y l  e t h e r / 1 .0  N  
s u l f u r ic  a c id  ( C a m ie n  e t  a h , ’ 5 9 )  f o r  1 2 0  
t r a n s fe r s .  T h e  v o lu m e  r a t io  o f  th e  tw o  
la y e rs  w a s  2 / 1 .

A  s in g le  th e o r e t ic a l  p e a k  w a s  se e n  in  
th e  B a r k e r -S u m m e r s o n  te s t  o n  th e  f r a c 
t io n s ,  w h ic h  c o in c id e d  w i t h  th e  p o s i t io n  e x 
p e c te d  f r o m  th e  d is t r ib u t io n  c o e f f ic ie n t  o f  
la c t ic  a c id  ( C a m ie n  e t  a h , ’5 9 ) .  F u r t h e r 
m o re ,  th e  s p e c t r u m  o f  th e  c h r o m o p h o r e  in  
th e  B a r k e r -S u m m e r s o n  te s t  w a s  id e n t ic a l

to  a u th e n t ic  la c t ic  a c id .  a - H y d r o x y b u ty r ic  
a c id  g iv e s  a  d i f f e r e n t  a b s o r p t io n  s p e c tr u m .  
O n  a n a ly s is  o f  th e  c o u n te r - c u r r e n t  f r a c 
t io n s ,  g r o w th  p r o m o t in g  a c t i v i t y  w a s  a sso 
c ia te d  w i t h  th e  la c t ic  a c id  f r a c t io n s  a n d  
b u t  l i t t l e  w i t h  a n y  o th e r  f r a c t io n .  T h e  
a p p r o p r ia te  f r a c t io n s  w e re  p o o le d ,  e x 
t r a c te d  in t o  e th e r  a n d  th e  e th e r  e x t r a c ts  
e v a p o ra te d  to  d ry n e s s .  T h e  re s id u e  w a s  
a c t iv e  as a  s u b s tra te  f o r  b o th  d -  a n d  L - la c 
t ic  a c id  s p e c if ic  la c t ic  d e h y d ro g e n a s e s . T h e  
m a te r ia l  w a s  in s u f f ic ie n t  i n  q u a n t i t y  to  
d e te r m in e  a n  a c c u ra te  m o la r  o p t ic a l  r o t a 
t io n  v a lu e .

d -L a ctic  acid  in  d isea sed  sta tes . D a ta  
o b ta in e d  o n  a  v a r ie t y  o f  p a t ie n ts  is  i l l u s 
t r a te d  in  ta b le  4 . N o  s ig n i f ic a n t  d i f f e r 
e n c e s  e x is te d  b e tw e e n  th e  e x c r e t io n  o f  
p a t ie n ts  w i t h  a  n u m b e r  o f  d i f f e r e n t  d is 
eases. T h e  p e rc e n ta g e  o f  D - la c t ic  a c id  w a s  
la r g e ly  d e te r m in e d  b y  th e  d e g re e  o f  i m 
m o b i l iz a t io n  o f  th e  p a t ie n t .  T h u s  o n e  c o m 
p le te ly  p a ra ly z e d  p o l io  p a t ie n t  e x c re te d  
p r a c t ic a l ly  o n ly  D - la c t ic  a c id .

TABLE 4

H u m a n  urinary output o f  lactic acid in  diverse conditions

Subject Clinical diagnosis 24-hour
volume Total lactic acid d ( — )Lactic acid D(-)Lactic

acid

m l fiT noles/m l fim oles/  
2 4  h o u rs / im oles/ m l jim o les/  

2 4  h o u rs %
J.H. Congestive heart

failure 1820 0.13 237 0.058 105.6 44.6
V.S. Cirrhosis 3240 0.23 745 0.045 145.8 19.6
S.R. Cirrhosis 2280 0.32 730 0.085 193.8 26.6
L.A. Adrenal cortical

hyperplasia 760 0.33 251
C.W. Nephrosis 3220 0.29 934 0.10 322 34.5
L.N. Exogenous obesity 640 0.42 269 0.10 64 23.8
S.F. Child 7 days

post-operative 430 0.31 133 0.01 4.3 3.2
C.A. Chronic leukemia 0.20 0.01 5.0
K.N. Hydrocephaly 0.16 0.01 6.3
N.A. Nephrosis 1.15 1.0 87.0
H.A. Chronic polio, chronic

pyelonephritis 6.21 1.14 18.4
W.H. Chronic polio 0.38 0.16 42.1
H.U. Chronic polio2 0.42 0.51 —
T.H. Chronic polio 0.41 0.08 19.5
K.H. Pseudohypertrophic

muscular dystrophy 0.33 0.28 84.8

Average 1770 0.78 471 0.24 139 32

1 I n  t h e  i n s t a n c e s  w h e r e  n o  2 4 - h o u r  v o l u m e  i s  r e c o r d e d ,  o n l y  e a r l y  m o r n i n g  s p e c i m e n s  w e r e  a n a l y z e d .
2 Excluded from the average.
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O n e  ca se  o f  a  c h i ld  w i t h  a b n o r m a l la c 
t ic  a c id  m e ta b o l is m  w a s  e x a m in e d .5 T h is  
c h i ld  e x c re te d  1 1 0 .8  p m o le s  p e r  m l  o f  
t o t a l  la c t ic  a c id  a n d  7 .4 5  i im o le s  p e r  m l  
o f  D - la c t ic  a c id .  T h e  p e rc e n ta g e  o f  D - la c t ic  
a c id  is ,  h o w e v e r ,  o n ly  6 .7 . T h u s ,  a lth o u g h  
th e  a b s o lu te  a m o u n t  w a s  h ig h ,  th e  r e la t iv e  
a m o u n t  w a s  lo w  a n d  th e  d e ra n g e m e n t  i n  
th e  c h i ld  p r o b a b ly  w a s  i n  th e  m e ta b o l is m  
o f  L - la c t ic  a c id .  I n  t h is  c h i ld  th e  a m o u n t  
o f  D - la c t ic  a c id ,  m e a s u re d  e n z y m a t ic a l ly ,  
g a v e  2 .5  to  3 .0  n m o le s  p e r  m l.  T h is  is  
a g a in  a n  u n d e r e s t im a te  ( v a n  E y s  e t a l. ,  
’6 2 )  b u t  in d ic a te s  th e  la r g e  a m o u n t  o f  
D - la c t ic  a c id  e x c re te d  b y  t h is  c h i ld .

SUMMARY

N o r m a l  h u m a n s  e x c re te  th e  u n n a t u r a l  
is o m e r  o f  D - la c t ic  a c id .  W h e n  m e a s u re d  
m ic r o b io lo g ic a l ly  th e  v a lu e s  a v e ra g e  0 .0 8  
±  0 .0 4 6  n m o le s  p e r  m l  a n d  1 0 2 .9  ±  5 0  
n m o le s  p e r  2 4  h o u rs .  T h e  v a lu e s  a re  n o t  
s ig n i f ic a n t ly  a lte re d  in  a  v a r ie t y  o f  d is 
e ases  a n d  a re  o n ly  m o d e r a te ly  r a is e d  b y  
e x e rc is e .
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E g g s  la id  b y  h e n s  fe d  a  r a t io n  c o n ta in 
in g  e i t h e r  c ru d e  c o t to n s e e d  o i l  o r  S tercu lia  
fo e tid a  see ds  c o n ta in e d  h ig h e r  le v e ls  o f  
s te a r ic  a c id  a n d  lo w e r  le v e ls  o f  o le ic  a c id  
th a n  e g g s  p ro d u c e d  b y  h e n s  fe d  a  n o r m a l  
la y in g  r a t io n  ( E v a n s  e t  a l. ,  ’6 1 ) .  C o t to n 
see d  o i l  a n d  S. fo e tid a  seeds  c o n ta in  s te r-  
c u l ic  a n d  m a lv a l ic  a c id s ,  w h ic h  a re  c h a r 
a c te r iz e d  b y  th e  c y c lo p ro p e n e  r in g ,  g iv e  
th e  H a lp h e n  r e a c t io n ,  a n d  c a u s e  p in k  
w h i t e  d is c o lo r a t io n  i n  s to re d  e g g s  p r o 
d u c e d  b y  h e n s  fe d  th e m  (S h e n s to n e  a n d  
V ic k e r y ,  ’5 9 , ’6 1 ) .  C y c lo p ro p e n e  f a t t y  
a c id s  o r  s o m e  o th e r  c o n s t i t u e n t  i n  c ru d e  
c o t to n s e e d  o i l  a n d  S. fo e tid a  see d  o i l  a p 
p e a r  i n  s o m e  w a y  to  u p s e t  th e  f a t t y  a c id  
m e ta b o l is m  o f  th e  h e n  so  t h a t  m o re  s a tu 
r a te d  a n d  le s s  m o n o e n o ic  f a t t y  a c id s  a re  
d e p o s ite d  i n  e g g  y o lk  f r o m  h e n s  f e d  th e s e  
a c id s  t h a n  i n  y o lk s  f r o m  h e n s  n o t  fe d  
th e m .  F a t t y  a c id  m e ta b o l is m  c o u ld  be  
u p s e t  e i t h e r  i n  s u c h  a  w a y  as to  c a u s e  
p r e fe r e n t ia l  d e p o s it io n  o f  s a tu r a te d  f a t t y  
a c id s  i n  th e  e g g  o r  to  c a u s e  th e  f o r m a t io n  
o f  m o re  s a tu ra te d  f a t t y  a c id s  b y  th e  h e n . 
T h is  e x p e r im e n t  w a s  c o n d u c te d  to  d e te r 
m in e  w h ic h  o c c u rs  a n d  to  s tu d y  f a t t y  a c id  
m e ta b o l is m  i n  th e  la y in g  h e n .

M ETHO DS
T h re e  g ro u p s  o f  1 2  S in g le  C o m b  W h i t e  

L e g h o r n  h e n s  p e r  g ro u p  w e re  k e p t  i n  i n 
d iv id u a l  la y in g  c a g e s  a n d  fe d  a  b a s a l r a 
t io n  w i t h  th e  f o l lo w in g  p e rc e n ta g e  c o m 
p o s i t io n :  g ro u n d  c o r n ,  3 4 .5 ;  g ro u n d  o a ts , 
2 0 .0 ;  w h e a t  b r a n ,  1 5 .0 ; f lo u r  m id d l in g s ,  
1 0 .0 ; d e h y d ra te d  a l f a l f a  ( 1 5 %  p r o t e in ) ,  
3 .0 ;  m e a t  s c ra p  ( 5 0 %  p r o t e in ) ,  3 .0 ;  d r ie d  
m i lk ,  2 .0 ;  m e n h a d e n  f is h  m e a l  ( 6 0 %  p r o 
t e i n ) ,  2 .5 ;  s o y b e a n  o i l  m e a l ( 4 4 %  p ro 
t e i n ) ,  2 .5 ;  g r o u n d  o y s te r  s h e l l  f lo u r ,  5 .0 ; 
s te a m e d  b o n e  m e a l,  1 .5 ; s a lt ,  0 .6 ;  a n d  
f is h  o i l  ( 3 ,0 0 0  u n i t s  o f  v i t a m in  A  a n d  4 0 0

IC U  o f  v i t a m in  D 3) ,  0 .4 . T h is  r a t io n  c o n 
ta in e d  4 .1 %  o f  e th e r  e x t r a c ta b le  m a te r ia l .  
O n e  g ro u p  w a s  fe d  th e  b a s a l r a t io n  o n ly .  
T h e  s e c o n d  g ro u p  w a s  fe d  th e  b a s a l r a t io n  
p lu s  2 .5 %  o f  c ru d e  c o t to n s e e d  o i l 3 a d d e d  
a t  th e  e x p e n s e  o f  a n  e q u a l w e ig h t  o f  b a s a l 
r a t io n .  T h e  t h i r d  g ro u p  w a s  fe d  th e  b a s a l 
r a t io n  p lu s  o n e  p o u n d  o f  g ro u n d  S. fo e tid a  
see ds4 i n  1 5 0  p o u n d s  o f  c o m p le te  r a t io n .  
T h e  S. fo e tid a  seeds a d d e d  0 .1 6 %  o f  o i l  
to  th e  r a t io n .

T h e  h e n s  w e re  fe d  th e s e  r a t io n s  f o r  6 
w e e k s , a t  th e  e n d  o f  w h ic h  t im e  6  h e n s  
f r o m  e a c h  g ro u p  w e re  k i l le d ,  a n d  b lo o d ,  
l i v e r ,  h e a r t ,  o v a r y  w i t h  th e  e g g s  c o n ta in e d  
th e r e in ,  a n d  d e p o t  f a t  s a m p le s  w e re  o b 
ta in e d .  B lo o d  w a s  c o lle c te d  i n  c i t r a t e ,  a n d  
th e  p la s m a  w a s  s e p a ra te d  f r o m  th e  c e lls  
b y  c e n t r i f u g a t io n .  H e a r ts  f r o m  th e  h e n s  
i n  e a c h  g r o u p  w e re  c o m p o s ite d .  O th e r  
t is s u e s  w e re  a n a ly z e d  o n  a n  in d iv id u a l  
h e n  b a s is .  B lo o d  p la s m a  w a s  f r o z e n  a t  
— 6 0 ° C  u n t i l  a n a ly s e s  w e re  p e r fo r m e d .  
L iv e r  a n d  o v a ry  s a m p le s  w e re  i n d iv id u a l l y  
h o m o g e n iz e d  i n  a  W a r in g  B le n d o r ,  s h e l l  
f r o z e n ,  a n d  ly o p h i l iz e d ,  a n d  th e  d r ie d  s a m 
p le s  w e re  s to re d  a t  — 6 0  °C  u n t i l  a n a ly z e d . 
H e a r ts  w e re  h o m o g e n iz e d  b y  g ro u p s  a n d  
te s te d  i n  th e  s a m e  w a y .  D e p o t  f a t  w a s  
s to re d  a t  — 6 0  °C  a n d  th e n  g ro u n d  i n  a  
m e a t  c h o p p e r  w h i le  s t i l l  f r o z e n .

D r ie d  l iv e r s ,  h e a r ts ,  a n d  o v a r ie s  w e re  
e x t r a c te d  w i t h  c h lo r o fo r m - m e th a n o l  ( 1 : 1 ) .  
T h e  e x t r a c ts  w e re  s a p o n if ie d  o v e r n ig h t  a t

R e c e i v e d  f o r  p u b l i c a t i o n  O c t o b e r  2 ,  1 9 6 1 .

1 J o u r n a l  a r t i c l e  n o .  2 8 7 6  f r o m  t h e  M i c h i g a n  A g r i 
c u l t u r a l  E x p e r i m e n t  S t a t i o n .  S u p p o r t e d  i n  p a r t  b y  a  
g r a n t  f r o m  t h e  N a t i o n a l  C o t t o n s e e d  P r o d u c t s  A s s o c i a 
t i o n .

2 P a r t i c i p a n t  i n  t h e  N a t i o n a l  S c i e n c e  F o u n d a t i o n  
U n d e r g r a d u a t e  R e s e a r c h  P a r t i c i p a t i o n  P r o g r a m  o f  t h e  
B i o c h e m i s t r y  D e p a r t m e n t  d u r i n g  t h e  s u m m e r  o f  1 9 6 1 .

3 C r u d e  c o t t o n s e e d  o i l  w a s  k i n d l y  f u r n i s h e d  b y  
D r .  P h i l l i p  D .  A i n e s  o f  B u c k e y e  C o t t o n  O i l  D i v i s i o n ,  
C i n c i n n a t i ,  O h i o .

4 Sterculia foetida s e e d s  w e r e  o b t a i n e d  f r o m  D r .  
H a n s  R .  S c h m i d t ,  S .  B .  P e n i c k  a n d  C o m p a n y ,  N e w  
Y o r k .  T h e s e  s e e d s  c a m e  o r i g i n a l l y  f r o m  I n d i a .

314 J .  N u t r it io n , 76; *62
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ro o m  te m p e r a tu r e  w i t h  a lc o h o l ic  p o ta s 
s iu m  h y d r o x id e ,  th e  s o a p s  w e re  a c id i f ie d  
w i t h  d i lu t e  s u l f u r ic  a c id ,  a n d  th e  f a t t y  
a c id s  w e re  e x t r a c te d  w i t h  p e ro x id e - f re e  
d ie t h y l  e th e r ,  as d e s c r ib e d  b y  E v a n s  e t  a l.  
( ’6 1 ) .  T h e  f a t t y  a c id s  w e re  m e th y la te d  
w i t h  d ia z o m e th a n e .  D e p o t  f a t  w a s  m ix e d  
w i t h  1 .5  t im e s  i t s  w e ig h t  o f  a n h y d ro u s  
s o d iu m  s u l fa te  to  re m o v e  w a te r  a n d  th e n  
e x t r a c te d  w i t h  c h lo r o fo r m - m e th a n o l  ( 1 : 1 ) .  
T h e  e x t r a c ts  w e re  t re a te d  i n  th e  s a m e  w a y  
as th e  o th e r  t is s u e  e x t ra c ts .

B lo o d  p la s m a  f a t t y  a c id  m e th y l  e s te rs  
w e re  p re p a re d  b y  r e f lu x in g  f o r  o n e  h o u r  
w i t h  1 %  s u l f u r i c  a c id  i n  m e th a n o l  
u s in g  th e  t r a n s m e th y la t io n  p ro c e d u re  o f  
M ic h a e ls  ( ’5 8 ) .

F a t t y  a c id  m e th y l  e s te rs  w e r e  s e p a ra te d  
o n  a  d ie th y le n e  g ly c o l  s u c c in a te  ( D E G S )  
c o lu m n  i n  a n  A e r o g r a p h  M o d e l A -9 0 -C  
g a s - l iq u id  c h r o m a to g r a p h ic  in s t r u m e n t  
o p e ra te d  a t  2 0 0  °C  w i t h  a  h e l iu m  f lo w  r a te  
o f  1 0 0  m l  p e r  m in u te .  T h e  A e r o g ra p h  w a s  
e q u ip p e d  w i t h  a  W e s to n  1 -m v  s in g le  p o in t  
r e c o rd e r .

RESULTS

F a t t y  a c id  m e th y l  e s te rs  f r o m  e gg s  p r o 
d u c e d  b y  h e n s  fe d  th e  b a s a l r a t io n  a n d  
f r o m  h e n s  fe d  th e  b a s a l r a t io n  p lu s  2 .5 %

o f  c ru d e  c o t to n s e e d  o i l  w e re  p re p a re d  a n d  
a n a ly z e d  b y  g a s - l iq u id  c h r o m a to g ra p h y .  
T h e  g a s  l iq u id  c h r o m a to g r a m s  o b ta in e d  
a re  c o m p a re d  i n  f ig u r e  1, w h ic h  i l lu s t r a te s  
h o w  th e  fe e d in g  o f  c ru d e  c o t to n s e e d  o i l  
d e c re a s e d  th e  s iz e  o f  th e  p a lm i t o le ic  a n d  
o le ic  a c id  p e a k s  a n d  in c re a s e d  th e  s ize  
o f  th e  s te a r ic  a c id  p e a k .

T h e  f a t t y  a c id  d is t r ib u t io n s  i n  th e  
r a t io n s  fe d  e a c h  g ro u p  a re  s h o w n  i n  ta b le  
1. V a lu e s  f o r  th e  b a s a l r a t io n  w e re  d e te r 
m in e d  d ir e c t ly ,  b u t  v a lu e s  f o r  th e  o th e r  
r a t io n s  w e re  c a lc u la te d  f r o m  th o s e  f o r  
th e  b a s a l r a t io n  a n d  f o r  c ru d e  c o t to n s e e d  
o i l  a n d  S. fo e tid a  see d  o i l .  N o n e  o f  th e  
r a t io n s  s u p p l ie d  s ig n i f ic a n t  a m o u n ts  o f  
s te a r ic  a c id .  C o tto n s e e d  a n d  S. fo e tid a  
seed  o i ls  c o n ta in e d  v e r y  l i t t l e  s te a r ic  a c id ,  
a n d  th e  o le ic  a c id  c o n te n t  w a s  ju s t  a b o u t  
th e  s a m e  as i n  th e  b a s a l d ie t  f a t .  T h e  S. 
fo e tid a  see d  s u p p le m e n te d  r a t io n  c o n 
ta in e d  1 .3 %  o f  s te r c u l ic  a c id  i n  th e  m ix e d  
f a t t y  a c id s ,  th e  e x a c t  le v e l o f  m a lv a l ic  
a c id  i n  th e  c ru d e  c o t to n s e e d  o i l  is  n o t  
k n o w n ,  b e c a u s e  m a lv a l ic  a c id  is  in c lu d e d  
w i t h  l in o le ic  a c id  i n  th e  g a s - l iq u id  c h r o 
m a to g r a p h ic  s e p a r a t io n  p ro c e d u re  u se d . 
A c c o r d in g  to  d a ta  o f  S h e n s to n e  a n d  
V ic k e r y  ( ’6 1 )  th e  c ru d e  o i l  f r o m  th e  c o t-

Fig. 1 Gas-liquid chromatograms of methyl esters of fatty acids from yolks of eggs pro
duced by hens fed the basal ration (right) and the basal ration plus 2.5% of crude cotton
seed oil (left). Peaks are as follows: 1, myristate; 2, palmitate; 3, palmitoleate; 4, stearate; 
5, oleate; and 6, linoleate.
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to n s e e d  o i l  r a t io n  s h o u ld  c o n ta in  a b o u t 
0 .4 2 %  o f  m a lv a l ic  a c id  a n d  0 .1 5 %  o f  
s te r c u l ic  a c id  a n d  th e  o i l  f r o m  th e  s te r c u l ic  
r a t io n  a b o u t  1 .8 8 %  o f  t o t a l  c y c lo p ro p e n e  
f a t t y  a c id s . K e m m e r ,5 h o w e v e r ,  e s t im a te s  
th e  t o t a l  c y c lo p ro p e n e  a c id s  to  m a k e  u p  
a b o u t  1 %  o f  c ru d e  c o t to n s e e d  o i l  a c c o rd 
in g  to  th e  H a lp h e n  r e a c t io n .  T h e  to ta l  
r a t io n  o i l  w o u ld  c o n ta in  a b o u t  0 .3 8 %  o f  
c y c lo p ro p e n e  a c id s .

TABLE 1
F atty acid distribution in  oils extracted  

from  rations

Ration fed

Basal
ration

Cottonseed 
oil ration

S. foetida 
seed 

ration

% % %
Myristic 1.7 1.5 1.6
Palmitic 16.6 20.9 17.0
Palmitoleic 2.7 2.1 2.6
Stearic 3.2 2.8 3.2
Oleic 27.4 23.4 26.7
Linoleic 45.1 47.3 44.1
Linolenic 2.2 1.4 2.1
Sterculic 0.0 0.0 1.3
Eicosenoic 1.2 0.7 1.2
Unknown 0.0 0.0 0.4

B lo o d  p la s m a  l ip id e s  f r o m  h e n s  fe d  
c ru d e  c o t to n s e e d  o i l  o r  S. fo e tid a  seeds  
c o n ta in e d  m o re  s te a r ic  a c id  a n d  le s s  o le ic  
a c id  t h a n  th o s e  f r o m  h e n s  fe d  th e  b a s a l 
r a t io n  o n ly  ( t a b le  2 ) .  S. fo e tid a  seeds 
c a u s e d  a  g re a te r  in c r e a s e  i n  s te a r ic  a c id  
a n d  d e c re a s e  i n  o le ic  a c id  t h a n  c ru d e  c o t 
to n s e e d  o il .

F e e d in g  c ru d e  c o t to n s e e d  o i l  o r  S. 
fo e tid a  seeds to  la y in g  h e n s  in c r e a s e d  th e  
s te a r ic  a c id  a n d  d e c re a s e d  th e  o le ic  a c id  
d is t r ib u t io n  i n  t h e i r  l i v e r  l ip id e s  ( ta b le  3 ) .

A l t h o u g h  th e  d if fe re n c e s  w e re  n o t  la r g e ,  
a n d  n o t  s ta t is t ic a l ly  s ig n i f ic a n t ,  s te a r ic  
a c id  in c r e a s e d  a n d  o le ic  a c id  d e c re a s e d  i n  
h e a r t  l ip id e s  o f  h e n s  fe d  c ru d e  c o t to n s e e d  
o i l  o r  S. fo e tid a  seeds ( ta b le  4 ) .

M o s t  o f  th e  h e n s  f r o m  th is  s tu d y  w e re  i n  
g o o d  p r o d u c t io n ,  a n d  th e  o v a r ie s  w e re  
f i l le d  w i t h  e g g  y o lk s  i n  v a r io u s  s ta g e s  o f  
d e v e lo p m e n t.  S o m e  e v e n  c o n ta in e d  f u l l y  
d e v e lo p e d  e g g s  n e a r ly  re a d y  to  b e  la id .  
O n e  w o u ld  th e re fo re ,  e x p e c t  t h a t  th e  f a t t y  
a c id  d is t r ib u t io n  i n  th e  o v a r ie s  w o u ld  be  
s im i la r  to  t h a t  i n  e gg s. A l th o u g h  th e  f a t t y  
a c id  d is t r ib u t io n  w a s  n o t  d e te r m in e d  i n

5 Personal communication.

TABLE 2
F a tty acid distribution in  blood plasm a lipides

Ration fed

Basal Cottonseed
oil

S. foetida 
seeds

Myristic
Palmitic
Palmitoleic
Stearic
Oleic
Linoleic

%
0 .1 (0 .0 -0 .5 )1 

31.3(30.0-33.2) 
2.9(2 .5 -3 .8) 

17.5(15.1-20.7) 
34.5(30.6-39.3) 
13.7(11.7-16.6)

%
o ^ o .o -o .s y

33.2(30.0-35.9) 
2 .3 (1 .1 -4 .2) 

22.0(20.8-23.7) 
24.3(22.8-27.4) 
18.1(17.0-20.9)

%
0.2(0 .0 -0 .4 )1 

32.2(28.4-35.5) 
1.7(1 .1 -2 .8) 

29.0(22.0-38.2) 
20.4(14.0-25.1) 
16.6(13.8-19.0)

1 Range of values.

TABLE 3 
F atty acid distribution in hen  liver lipides

Ration fed

Basal Cottonseed
oil

S. foetida 
seeds

Myristic
Palmitic
Palmitoleic
Stearic
Oleic
Linoleic

%
0 .5 (0 .4 -0 .6 )‘ 

23.4(22.8-24.1) 
3 .K 2 .5 -3 .8 )  

14.0(11.2-17.1) 
36.2(31.4—41.1 ) 
22.9(19.5-25.4)

%
o .e io ^ -o .? )1

26.5(25.7-27.3) 
2.3(1 .9 -2 .7) 

22.2(19.6-26.7) 
27.7(25.7-29.1) 
20.8(13.7-24.5)

%
0 .5 (0 .3 -0 .6 )‘ 

24.9(22.7-25.8) 
2.2(1 .7 -2 .6) 

22.4(17.1-25.8) 
25.2(24.0-27.7) 
24.9(20.0-27.4)

1 Range o f values.
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e g g s  la id  b y  th e s e  h e n s ,  th e  f a t t y  a c id  
d is t r ib u t io n s  i n  th e  o v a r ie s  ( t a b le  5 )  a g re e  
w e l l  w i t h  th o s e  i n  th e  e g g s  p ro d u c e d  b y  
h e n s  fe d  s im i la r  d ie ts  i n  a  p re v io u s  e x 
p e r im e n t  ( E v a n s  e t  a l. ,  ’6 1 ) .  C ru d e  c o t 
to n s e e d  o i l  o r  S. fo e tid a  seeds i n  th e  r a t io n  
in c re a s e d  th e  s a tu ra te d  a n d  d ie n o ic  f a t t y  
a c id  c o n te n ts  o f  th e  o v a r ie s  a t  th e  e x p e n s e  
o f  th e  m o n o e n o ic .

C ru d e  c o t to n s e e d  o i l  o r  S. fo e tid a  seed  
fe e d in g  h a d  l i t t l e  e f fe c t  o n  th e  f a t t y  a c id  
d is t r ib u t io n  i n  h e n  d e p o t  f a t s  ( t a b le  6 ) .  
F a ts  f r o m  h e n s  fe d  c ru d e  c o t to n s e e d  o i l  
o r  S. fo e tid a  see ds  c o n ta in  o n ly  s l ig h t ly  
m o re  s te a r ic  a c id  a n d  s l ig h t ly  le ss  o le ic  a c id

TABLE 4
F atty acid distribution in hen  heart lipides

Ration fed

Basal Cottonseed
oil

S. foetida  
seed

% % %
Myristic 0.8 0.8 0.8
Palmitic 19.7 21.4 20.6
Palmitoleie 5.7 3.2 2.8
Stearic 9.3 12.5 13.2
Oleic 32.3 30.7 30.5
Linoleic 32.3 31.6 32.0

t h a n  f a t  f r o m  h e n s  f e d  th e  b a s a l r a t io n .  
D e p o t  f a t  o f  h e n s  fe d  S. fo e tid a  c o n ta in e d  
b e tw e e n  7 .5  a n d  1 3 .0 %  o f  s te a r ic  a c id  
a n d  2 9 .7  a n d  3 8 .0 %  o f  o le ic  a c id .

N o  v a lu e s  a re  p re s e n te d  i n  th e  ta b le s  
f o r  l in o le n ic  a c id  o r  f o r  a n y  f a t t y  a c id s  o f  
lo n g e r  c h a in  le n g th  t h a n  1 8 -c a rb o n  a to m s , 
b e c a u s e  e v e n  th o u g h  i n  s o m e  in s ta n c e s  
s m a l l  a m o u n ts  o f  h n o le n ic  a n d  a r a c h id o n ic  
a c id s  w e re  p re s e n t ,  th e  a m o u n ts  w e r e  to o  
s m a l l  to  g iv e  a n  a c c u ra te  e s t im a t io n  o f  
th e  a m o u n t  w i t h  th e  p ro c e d u re  u se d . 
T h e s e  f a t t y  a c id  m e th y l  e s te rs  e m e rg e d  
f r o m  th e  g a s - l iq u id  c h r o m a to g r a p h ic  c o l
u m n  a f t e r  m e th y l  h n o le a te ,  a n d  th e  p e a k s  
w e re  so b ro a d  t h a t  u n le s s  a  c o n s id e ra b le  
a m o u n t  w a s  p re s e n t  th e y  c o u ld  n o t  be  
s a t is fa c to r i ly  d e te r m in e d .  A l t h o u g h  a t 
te m p ts  w e re  m a d e  to  d e te r m in e  m e th y l  
l in o le n a te  a n d  m e th y l  a ra c h id o n a te  i n  
e a c h  t is s u e  s tu d ie d ,  th e  p e a k s  w e re  i n  a l l  
in s ta n c e s  to o  s m a l l  to  o b ta in  r e h a b le  r e 
s u lts .

DISCUSSION

T h e  b a s a l d ie t  f a t t y  a c id s  c o n ta in e d  
o n ly  3 .2 %  o f  s te a r ic  a c id  a n d  2 7 .4 %  o f  
o le ic  a c id  ( t a b le  1 ) ,  b u t  e gg s  la id  b y  h e n s

TABLE 5
F atty acid distribution in  h en  ovaries and con tents

Ration fed

Basal Cottonseed
oil

S. foetida 
seeds

Myristic
Palmitic
Palmitoleie
Stearic
Oleic
Linoleic

%
0.5C0.4-0.7)1 

25.7(24.4-26.5) 
3.6(2.5—4.2) 

10.4(9.2-11.5) 
42.4 (40.5 -44.6) 
17.1(15.0-18.6)

%
0 .5 (0 .5 -0 .6 )1 

28.5(27.3-29.4) 
1.8(1.5—2.0) 

21.4(19.4-23.8) 
26.6(25.6-28.2) 
21.2(17.2-24.1)

%
0 .6 (0 .5 -0 .8 )‘ 

28 .5(26.5 -30.4) 
1.8(1 .5 -2 .0) 

23.9(21.4-28.0) 
23.0(19.3-25.0) 
22.2(20.4-23.6)

1 Range of values.

TABLE 6 
F atty acid distribution in h en  depot fats

Ration fed

Basal Cottonseed
oil

S. foetida 
seeds

Myristic
Palmitic
Palmitoleie
Stearic
Oleic
Linoleic

%
1.1( 1 .0 -1 .2 )1 

20.6(19.6-21.4) 
4.0(3.3—4.8) 
6.2(5 .6 -7 .2) 

36.5(34.2-39.5) 
31.5(29.7-33.0)

%
l .K l .0 -1 .2 ) 1 

23.4(21.6-26.3) 
3.8(2 .6 -4 .8) 
7.9(7.0—8.7) 

34.2(32.2-36.8) 
29.6(25.3-33.4)

%
1.1 (0 .9 -1 .2  )* 

21.0(17.7-24.6) 
3 .4 (3 .1 -3 .8) 
9.6(7 .5 -13.0) 

34.9(29.7-38.0) 
30.0(27.5-31.3)

1 Range o f values.
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f e d  t h is  d ie t  c o n ta in e d  1 0 .4 %  o f  s te a r ic  
a c id  a n d  3 8 .1 %  o f  o le ic  a c id  i n  th e  f a t t y  
a c id  f r a c t io n  ( E v a n s  e t  a l. ,  ’6 1 ) .  B u t  th e  
r a t io n  f a t t y  a c id s  c o n ta in e d  4 5 .1 %  o f  
l in o le ic  a c id  a n d  th e  e g g s  b u t  1 7 .5 % .  A p 
p a r e n t ly  l in o le ic  a c id  w a s  e i t h e r  p a r t ia l l y  
h y d ro g e n a te d  b y  th e  h e n  b e fo re  i t  w a s  
d e p o s ite d  i n  th e  e g g  y o lk ,  o r  m o s t  o f  th e  e g g  
f a t t y  a c id s  w e r e  s y n th e s iz e d  f r o m  d ie ta r y  
c a r b o h y d ra te s  a n d  m o s t ly  s te a r ic  a c id  w a s  
p ro d u c e d .

T h e  l i v e r  is  b e lie v e d  to  p la y  a n  im p o r 
t a n t  ro le  i n  f a t  m e ta b o l is m ,  a n d  n e w ly  
a b s o rb e d  f a t  is  p r o b a b ly  w o r k e d  o v e r  i n  
th e  l i v e r  to  a l t e r  th e  n a tu r e  o f  i t s  f a t t y  
a c id  p a t t e r n  so  t h a t  i t  w i l l  c o n fo r m  to  th e  
ty p e  u s u a l ly  s to re d  b y  a p a r t i c u la r  s p e c ie s  
(D e u e l,  ’5 5 ) .  O n e  w o u ld  s u s p e c t t h a t  c o n 
v e r s io n  o f  l in o le ic  a c id  to  s te a r ic  a n d  o le ic  
a c id s ,  i f  i t  o c c u rs ,  o c c u rs  i n  th e  l iv e r .  T h e  
l i v e r  is  a ls o  th e  p r in c ip a l  s ite  o f  c o n v e r 
s io n  o f  c a r b o h y d ra te  to  l ip id e  ( R a n n e y  
a n d  C h a ik o f f ,  ’5 1 ) .

P la s m a  f a t t y  a c id s  c o n ta in e d  m o re  
s te a r ic  a n d  o le ic  a c id s  a n d  le s s  l in o le ic  
a c id  ( t a b le  2 )  t h a n  d ie ta r y  l ip id e s  ( ta b le  
1 ) ,  a n d  l i v e r  l ip id e s  c o n ta in e d  in t e r m e d i
a te  a m o u n ts  ( ta b le  3 ) .  D ie ta r y  f a t t y  a c id s  
c o n ta in e d  1 6 .6 %  o f  p a lm i t i c  a c id  a n d  th e  
p la s m a  f a t t y  a c id s  c o n ta in e d  3 1 .3 % ,  b u t  
p la s m a  d id  n o t  c o n ta in  le s s  p a lm i t o le ic  
a c id  th a n  d ie ta r y  fa ts .  S y n th e s is  o f  p a l 
m i t i c  a c id  f r o m  c a r b o h y d ra te s  o r  p a r t ia l  
m e ta b o l is m  o f  l in o le ic  a c id  to  g iv e  p a l 
m i t i c  a c id  b y  lo s s  o f  a  tw o -c a rb o n  u n i t  
a n d  s a tu r a t io n  is  th u s  in d ic a te d .

C y c lo p ro p e n e  f a t t y  a c id s  m a y  b e  th e  
a c t iv e  a g e n ts  i n  c ru d e  c o t to n s e e d  o i l  a n d
S. fo e tid a  see ds  ( E v a n s  e t  a l. ,  ’6 1 ) .  T h e  
d a ta  p re s e n te d  in d ic a te  t h a t  th e  c y c lo p r o 
p e n e  f a t t y  a c id s  o r  s o m e  o th e r  c o n s t i t u e n t  
o f  S. fo e tid a  seeds o r  c ru d e  c o t to n s e e d  o i l  
i n  s o m e  w a y  in t e r f e r e  w i t h  th e  f a t t y  a c id  
m e ta b o l is m  o f  th e  h e n  to  c a u s e  p r o d u c 
t io n  o f  a  la r g e r  p e rc e n ta g e  o f  s a tu ra te d  
f a t t y  a c id s . T h e r e  a re  a t  le a s t  tw o  p o s s ib le  
m o d e s  o f  a c t io n  o f  th e  a c t iv e  a g e n t.  L in o 
le ic  a c id  m a y  be  n o r m a l ly  h y d ro g e n a te d  to  
o le ic  a c id  a n d  s te a r ic  a c id ,  a n d  c y c lo p r o 
p e n e  f a t t y  a c id s  m a y  in t e r f e r e  so t h a t  
p a r t ia l  h y d r o g e n a t io n  d o e s  n o t  o c c u r ,  b u t  
m o s t  o f  th e  l in o le ic  a c id  is  c o m p le te ly  
h y d ro g e n a te d  to  s te a r ic  a c id .  C y c lo p ro 
p e n e  f a t t y  a c id s  m a y  in t e r f e r e  i n  th e  
m e c h a n is m  o f  c o n v e rs io n  o f  c a rb o h y d ra te

to  f a t t y  a c id .  T h e  b a s a l d ie t  p r o b a b ly  d id  
n o t  s u p p ly  s u f f ic ie n t  l ip id e  to  m e e t  th e  
h e n s ’ r e q u ir e m e n ts  f o r  e g g  p r o d u c t io n  a n d  
o th e r  b o d y  n e e d s . T h is  w o u ld  n e c e s s ita te  
c o n v e rs io n  o f  c a r b o h y d ra te  to  l ip id e .  
S te a r ic  a n d  p a lm i t i c  a c id s  w e re  p r o b a b ly  
f i r s t  s y n th e s iz e d ,  a n d  th e y  w e re  n o r m a l ly  
c o n v e r te d  to  th e  c o r re s p o n d in g  m o n o -  
e th e n o id  f a t t y  a c id s  ( S c h o e n h e im e r  a n d  
R it te n b e r g ,  ’3 6 ) .  D e s a tu r a t io n  o f  s te a r ic  
a n d  p a lm i t i c  a c id s  w a s ,  h o w e v e r ,  b lo c k e d  
w h e n  c ru d e  c o t to n s e e d  o i l  o r  S. fo e tid a  
seeds  w e re  fe d .  F e ig e n b a u m  a n d  F is h e r  
( ’5 9 )  o b s e rv e d  m o re  s a tu ra te d  f a t t y  a c id s  
b u t  le ss  l in o le ic  a c id  i n  e g g s  f r o m  h e n s  
fe d  c o t to n s e e d  o i l  t h a n  i n  th o s e  f r o m  h e n s  
fe d  a f a t - f r e e  d ie t .  W h e n  c ru d e  c o t to n 
see d  o i l  o r  S. fo e tid a  seeds w e re  fe d ,  th e  
s te a r ic  a c id  c o n te n t  o f  l iv e r ,  b lo o d  p la s m a ,  
a n d  o v a ry  l ip id e s  in c re a s e d ,  b u t  t h a t  o f  
d e p o t  f a t  l ip id e s  d id  n o t  e v e n  th o u g h  
T u e r k is c h e r  a n d  W e r th e im e r  ( ’4 2 )  s h o w e d  
t h a t  f a t  s y n th e s is  m a y  o c c u r  i n  a d ip o s e  
t is s u e .

O v a r ie s  o f  h e n s  fe d  th e  b a s a l r a t io n  c o n 
ta in e d  a  lo w e r  p r o p o r t io n  o f  s te a r ic  a c id  
a n d  a  h ig h e r  p r o p o r t io n  o f  o le ic  a c id  th a n  
e it h e r  p la s m a  o r  l iv e r .  T h u s  th e re  a p 
p e a rs  to  b e  s o m e  s e le c t iv i t y  i n  th e  f a t t y  
a c id s  d e p o s ite d  i n  th e  e g g  y o lk .  M o s t  o f  
th e  y o lk  l ip id e s  a re  t r ig ly c e r id e s  (E v a n s  
e t a l. ,  ’6 1 )  d e p o s ite d  i n  th e  l ip o v i t e l le n in  
c o m p le x  o f  th e  y o lk  ( E v a n s  a n d  B a n d -  
e m e r ,  ’6 1 ) .  L ip o v i t e l le n in  is  p r o b a b ly  s y n 
th e s iz e d  i n  th e  l i v e r  a n d  t r a n s p o r te d  as s u c h  
i n  th e  b lo o d  to  th e  o v a ry  ( M c ln d o e ,  ’5 9 ) .  
I f  th e  c o m p o s it io n  o f  l ip o v i t e l le n in  i n  
p la s m a  is  th e  s a m e  as  l ip o v i t e l le n in  i n  th e  
e g g , e i t h e r  th e  r e s t  o f  th e  p la s m a  l ip id e s  
c o n ta in e d  h ig h e r  le v e ls  o f  s te a r ic  a c id  a n d  
lo w e r  le v e ls  o f  l in o le ic  a c id  t h a n  l i p o 
v i t e l le n in ,  o r  s o m e  o f  th e  l ip o v i t e l le n in  
h a d  a lr e a d y  b e e n  re m o v e d  f r o m  th e  
p la s m a ,  a n d  th e  p la s m a  f a t t y  a c id s  th e re 
fo r e  c o n ta in e d  le s s  m y r is t ic  a n d  l in o le ic  
a c id s  a n d  m o re  s te a r ic  a n d  p a lm i t ic  a c id s  
t h a n  th e  o v a ry  f a t t y  a c id s  o r  th e  l ip o v i t e l 
le n in .

M u c h  o f  th e  d e p o t f a t  w a s  o b ta in e d  f r o m  
a ro u n d  th e  in t e s t in a l  t r a c t ,  b u t  s o m e  w a s  
ta k e n  f r o m  o th e r  p la c e s . T h e  f a t t y  a c id  
d is t r ib u t io n  i n  d e p o t f a t  ( t a b le  6 )  m o re  
n e a r ly  re s e m b le s  t h a t  o f  th e  d ie ta r y  f a t  
t h a n  t h a t  o f  th e  b lo o d  p la s m a ,  b u t  f o r  th e  
m o s t  p a r t  th e  d is t r ib u t io n  i n  d e p o t f a t  w a s
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b e tw e e n  t h a t  i n  p la s m a  a n d  d ie t .  T h e  
d a ta ,  th e r e fo r e ,  in d ic a te  t h a t  m u c h  o f  th e  
d e p o t f a t  m a y  h a v e  b e e n  d e p o s ite d  b e fo re  
i t  w a s  a lte re d  i n  th e  l iv e r .  P ro b a b ly  m o s t  
o f  th e  d e p o t  f a t s  w e re  d e p o s ite d  b e fo re  
th e  h e n s  w e re  p u t  o n  th e s e  e x p e r im e n ta l  
r a t io n s ,  so  t h a t  f e e d in g  c ru d e  c o t to n s e e d  
o i l  o r  S. fo e tid a  seeds d id  n o t  h a v e  m u c h  
in f lu e n c e  o n  d e p o t  f a t t y  a c id  c o m p o s it io n .

H e a r t  l ip id e s  h a d  a c h a r a c te r is t ic  f a t t y  
a c id  p a t t e r n  t h a t  d id  n o t  a p p e a r  to  be  r e 
la te d  to  e i t h e r  d ie ta r y  o r  p la s m a  f a t t y  a c id  
d is t r ib u t io n  a n d  w h ic h  w a s  o n ly  s l ig h t ly  
a lte re d  b y  th e  p re s e n c e  o f  c o t to n s e e d  o i l  
o r  S. fo e tid a  see ds  i n  th e  r a t io n  ( ta b le  4 ) .  
T h e  in c re a s e d  s te a r ic  a c id  c o n te n t  o f  h e a r t  
f a t t y  a c id s  m a y  b e  o f  im p o r ta n c e .

T h e  in c r e a s e d  s te a r ic  a c id  a n d  d e c re a s e d  
o le ic  a c id  d is t r ib u t io n  i n  l i v e r  a n d  b lo o d  
p la s m a  f a t t y  a c id s  d e m o n s t ra te  t h a t  c ru d e  
c o t to n s e e d  o i l  a n d  S. fo e tid a  seeds i n t e r 
fe r e  w i t h  th e  f a t t y  a c id  m e ta b o l is m  o f  th e  
la y in g  h e n  r a t h e r  t h a n  c a u s in g  p r e fe r 
e n t ia l  d e p o s it io n  o f  s a tu ra te d  f a t t y  a c id s  i n  
th e  e g g . T h e  la t t e r  w o u ld  h a v e  re s u lte d  i n  
a  d e c re a s e  r a t h e r  th a n  a n  in c re a s e  o f  s a tu 
r a te d  f a t t y  a c id s  i n  th e  b lo o d ,  a n d  th e re  
w o u ld  h a v e  b e e n  n o  c h a n g e  i n  th e  l iv e r .

C o tto n s e e d  o i l  a ls o  in te r fe r e s  w i t h  f a t t y  
a c id  m e ta b o l is m  o f  o th e r  a n im a l  s p e c ie s  
th a n  th e  h e n . E l l i s  e t  a l.  ( '3 1 )  o b s e rv e d  
t h a t  4 %  o f  c o t to n s e e d  o i l  i n  th e  r a t io n  o f  
p ig s  in c re a s e d  s te a r ic  a c id  a n d  d e c re a s e d  
o le ic  a c id  i n  th e  b a c k  f a t  w h e n  c o m p a re d  
w i t h  p ig s  fe d  a  b a s a l r a t io n  o r  a  r a t io n  
c o n ta in in g  4 %  o f  p e a n u t ,  s o y b e a n , o r  
c o r n  o ils .

SUMMARY

H e n s  fe d  e i t h e r  c ru d e  c o t to n s e e d  o i l  o r  
S tercu lia  fo e tid a  seeds i n  t h e i r  d ie ts  h a d  
h ig h e r  c o n c e n t r a t io n s  o f  s te a r ic  a c id  a n d  
lo w e r  c o n c e n t r a t io n s  o f  o le ic  a c id  i n  th e  
f a t t y  a c id s  o f  t h e i r  l iv e r s ,  b lo o d  p la s m a ,  a n d  
o v a r ie s  th a n  h e n s  fe d  a b a s a l d ie t .  O n ly

s l ig h t  c h a n g e s  o c c u r re d  i n  th e  f a t t y  a c id  
d is t r ib u t io n  o f  h e a r t  l ip id e s  o r  d e p o t  f a t  
o f  th e s e  h e n s .

C o tto n s e e d  o i l  a n d  S. fo e tid a  se e d  o i l  
in t e r f e r e  w i t h  f a t t y  a c id  m e ta b o l is m  i n  th e  
h e n  to  p ro d u c e  m o re  s a tu ra te d  f a t t y  a c id s  
a n d  le s s  m o n o e n o ic  f a t t y  a c id s  th a n  p r o 
d u c e d  b y  h e n s  n o t  f e d  th e s e  o ils .
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