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A B S T R A C T  An ex p erim en t w as designed to study  th e  re la tio n sh ip s of calc ium , 
bu ffering  cap ac ity  (B C ), lac tose  and  e th y len d iam in e te traace tic  acid  (E D T A ) in  th e  
n u tr it io n  of th e  grow ing ra t.  F o r th e  rep lica ted , fac to ria lly  a rran g ed  exp erim en t, w h ich  
involved calc iu m  (0 .19 , 0.48 an d  0 .7 8 % ), bu ffering  capacity  (BC 1, 0.46, BC 2, 0.54 
an d  BC 3, 0.76 m l o f  1 N HC1 req u ired  to reduce  th e  pH  of 5.0 g of th e  d ie t by one pH  
u n i t ) ,  lac tose  (0  an d  12% ) , an d  EDTA (0  an d  0 .2 % ) , 152 ra ts  w ere used . D ihydro- 
gen-to-m onohydrogen p h o sp h a te  ra tio s  w ere v aried  to p roduce th e  d ifferen t BC’s, and 
a  c o n s tan t phosp h o ru s (0 .4%  ) w as prov ided  fo r all d iets. As d ie ta ry  calc iu m  in creased  
fro m  0.19 to 0 .4 8 % , re te n tio n  a n d  deposition  of calc iu m  in  th e  to ta l body an d  in  th e  
fe m u r an d  efficiency of feed  conversion  show ed im provem en t. H ow ever, 0.78%  ca l­
c iu m  d id  n o t prove beneficial over 0.48%  ca lc ium . T he d iets w h ich  produced  the  
m ost acid ic  cond ition  (BC 1) in  th e  stom ach , re su lted  in  th e  m ost im proved  calc iu m  
re ten tio n , feed  in ta k e  an d  efficiency of feed  conversion . As ju d g ed  fro m  th e  reduced  
feca l ca lc iu m  w ith  BC 1 d iets, th e  ca lcu la ted  in crease  in  u r in a ry  ca lc iu m  w as no t 
g rea t enough  to offset th e  in c reased  ca lc iu m  abso rp tion  in  th e  in te s tin e . L actose in ­
c reased  ca lc iu m  re te n tio n  a n d  im proved  bone calcification , and , fo r th e  to ta l 6-week 
ex p erim en ta l period , EDTA decreased  th e  re te n tio n  a n d  deposition  of calcium .

The percentage of calcium retention 
based on body analysis (1) or fecal analy­
sis (2 ,3) has been found to decrease 
when calcium intake increased. Total cal­
cium retained by rats with low stores of 
this element was considerably greater than 
that retained by rats with large mineral 
reserves, and before intake of calcium 
showed a greater influence on the amount 
of calcium retained than did current in­
take (4). Since feeding high levels of cal­
cium was found to increase (5) net re­
tention with a marked reduction in ef­
ficiency, calcium requirement values 
might be more of a reflection of dietary 
pattern than of absolute requirements.

Total body calcium in the growing rat 
increased (1 ,6) when dietary calcium 
increased from 0.1 to 0.64%. Both tibia 
calcium and ash increased as calcium in­
take was increased from 0.13 to 0.76%
(7). When dietary calcium for the rat (8) 
was increased from 0.2 to 0.35%, more 
efficient utilization of food was noticed. 
When, however, dietary calcium for grow­
ing pigs was increased from 0.48 to 0.88 
to 1.32%, average daily gain and feed effi-
J .  N u t r it io n , 9 2 : ’67 .

ciency were decreased significantly but 
there was no significant effect on feed in­
take (9).

While in dogs (10) ingestion of an 
acidic diet increased urinary calcium excre­
tion, neither calcium balance nor calcium 
retention was affected. In man, calcium re­
tention was somewhat increased with 
basic diets but not with neutral or acidic 
diets. As a result of feeding an acidic diet
(11) , the reduced fecal calcium was not 
sufficient to offset the increased urinary 
calcium. When acidic, neutral, or alka­
line diets were fed to rachitic rats, the neu­
tral diets produced the most severe tetany
(12) . Gastric pH was of secondary im­
portance in stomach emptying (13); how­
ever, decreased dietary pH increased the 
rate of acidification of digesta in the stom­
ach and indirectly the rate of digestion 
and disappearance of nutrients from the 
stomach (14).
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Calcium in the milk was more efficiently 
retained than from other organic sources
(15), and this was attributed to the lac­
tose content of milk (16). The degree of 
maturity of the animal played a role in de­
termining the favorable effect of lactose. 
Feeding 25% lactose accelerated bone cal­
cification and calcium retention in rats
(17), and in children (18), when com­
pared with cod liver oil, increased calcium 
balance. Lactose at 12% with 0.6% cal­
cium was considered the best diet for im­
proved calcium retention in rats (19). 
Total body calcium and ash in rats (20,
21) and tibia ash in chicks (22) increased 
with added dietary lactose. Lactose im­
proved efficiency of feed conversion only 
with ad libitum feeding (17, 20).

Urinary calcium output following an in- 
traperitoneal injection of Ca-EDTA was 
about 70% of the injected dose. Orally ad­
ministered Ca-EDTA was not available to 
the rat,3 * but when 0.3 or 1.5% Na-EDTA 
was fed for 112 days with a calcium-ade­
quate diet, or 0.01% Na-EDTA with a cal­
cium-deficient diet (23), there was no ef­
fect on calcium excretion.

The present study reports the effects 
of dietary calcium, buffering capacity 
(BC), lactose, and EDTA on calcium re­
tention based on total carcass analysis; 
on fecal and urinary calcium excretion; on 
calcium deposition in the body and femur; 
and on weight gain, feed intake, and ef­
ficiency of feed conversion.

PROCEDURE

A randomized block design using 4 
replicates with a 3 X 3 X 2 X 2  factorial 
arrangement of treatments was used so 
that all possible combinations of 3 levels 
of calcium, 3 BC’s, and 2 levels each of 
lactose and EDTA were fed to growing rats. 
Levels were 0.19, 0.48 and 0.78% cal­
cium, 0 and 12% lactose, 0 and 0.2% 
EDTA, with 0.4% phosphorus for each of 
the 36 diets. BC’s were 0.46, 0.54 and 
0.76 and were obtained by varying the di­
hydrogen to monohydrogen phoshate ra­
tios from 1:0 (BC 1) to 1:1 (BC 2) to 
1:2 (BC 3), respectively. Dietary BC was 
defined as milliliters of 1 n  HC1 required 
to reduce the pH of 5.0 g of the diet sus­
pended in 45 ml of distilled deionized 
water by one pH unit.

T A B L E  1

C om position  o f basal diet

%
Sucrose 30.0
S tarch  30.0
C ase in  20.0
DL-Methionine 0.2
C orn o i l 1 5.0
V itam in  m ix tu re  2>3 2.0
M icrom ineral m ix tu re  3A 0.03
M acrom inera l m ix tu re  (BC 1, 2 or 3 )  5 12.77

1  S a n to q u in  (M o n sa n to  C o m p a n y , St. L o u is )  ad d ed  
to  co rn  o il to  m a k e  0 .0 1 %  in  d iet.

2 T h e  v ita m in s  m ix e d  w ith  d e x tro se  su p p lie d  th e  
fo llo w in g  p e r  100 g  o f  d ie t: v ita m in  A , 1800 IU ; an d  
v ita m in  D , 200 IU ; a n d  ( in  m ill ig r a m s )  a-tocop h ero l, 
10.0; a sc o rb ic  ac id , 90.0; in o s ito l, 10.0; c h o lin e  c h lo ­
r id e , 150.0; r ib o fla v in , 2.0; m e n a d io n e , 4 .5; p -am ino- 
b e n zo ic  a c id , 10.0; n ia c in , 9.0; p y r id o x in e -H C l, 2.0; 
th ia m in e , 2.0; C a  p a n to th e n a te , 6.0; b io tin , 0.04; fo lic  
a c id , 0 .18; a n d  v ita m in  B 12, 0.003.

3 N R C  ( 3 6 )  re q u ire m e n ts  w ere  m et.
4 M ic ro m in e ra l m ix tu re  su p p lie d  th e  fo llo w in g  p er 

100 g  o f  d ie t: ( in  m ill ig r a m s )  iro n , as F e 2(>3 , 8.58; 
m a n g a n e se , as  M n C 0 3 , 4.0; z in c , as ZnCC>3, 5.0; co p ­
p er, as  CU CO 3 , 1 .1 7 ;  co b a lt , as C 0 C O 3 , 0.04; m o ly b ­
d en u m , as N a 2M o 0 4 -2 HaO, 0.06; io d in e , as K I , 0 .0 2 ; 
se le n iu m  as BhSeO s, 0.01 a n d  flu o rid e , as N a F , 0.001.

5 R e fe r  to  ta b le  2.

Hooded Norway male rats ranging in 
weight from 70 to 90 g were adjusted to a 
mixture of laboratory animal ration and 
the basal diet for 1 week before feeding 
the appropriate experimental diets, com­
positions of which are shown (tables 1 and 
2). Experimental diets and distilled water 
were supplied ad libitum for the 6-week 
experimental period. Rats were housed 
individually in stainless steel cages in a 
room maintained at 25° ± 1° and 57 ± 
3% humidity. For each rat the dietary in­
take was recorded, and feces were sampled 
daily and frozen until analyzed for cal­
cium and chromic oxide. The chromic ox­
ide was added to the diets to serve as a 
reference substance for the determination 
of total fecal calcium (24, 25).

At the termination of the experiment, 
rats were killed by heart puncture. The di­
gestive tract, the 2 kidneys, and the heart 
were removed. The empty carcass of each 
rat was dried to a constant weight in a 
forced draft oven at 65°, ether extracted 
and redried. The right femur was picked 
from the body for separate ash and cal­
cium analyses. The remainder of the 
empty carcass was ground to pass a 1- 
mm screen in a Wiley mill and mixed; re­
presentative samples were analyzed for 
ash and calcium.

3 A le x a n d e r , R. L . 195 9  T h e  a v a ila b ilit y  o f o ra lly
a d m in is te re d  c a lc iu m . P h .D . T h e s is . G eo rg eto w n
U n iv e r s ity , W a sh in g to n , D . C.
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TABLE 2
C om position  o f th e  m a crom inera l m ix tu res

BC 1

Buffering capacity 
BC 2

1

BC 3

C alcium  ace ta te  2
m g / 1 0 0  g o f  diet 

400 500
Sodium  p h o sp h a te , m onobasic 569 — —

P o tassium  p h o sp h a te , m onobasic 855 854 676
Sodium  p h o sp h a te , dibasic — 927 920
P o tassium  p h o sp h a te , dibasic — — 240
Sodium  chloride 255 — 7
Sodium  ace ta te 200 — —

P otassiu m  chloride — no —

P otassiu m  ace ta te 143 — —

M agnesium  chloride — 290 430
M agnesium  ace ta te 292 118 —

C hrom ic oxide 250 250 250
N o n n u tritiv e  bu lk  3 10,206 9,821 9,747
T ota l 4 12,770 12,770 12,770

1 M illiliters of 1 n  HC1 requ ired  to reduce pH  of 5 g of m ixed d iet by 1 pH  u n it w ere 0.46, 0.54 
an d  0.76 fo r BC 1, BC 2 an d  BC 3, respectively.

2 C alcium  acetate  w as added to balance  the  acetate  con ten t of the 3 m ix tures. T he ca lc ium  content 
of th e  b asa l m ix tu res w as considered w hen  the  ca lc ium  lac ta te  supplem ent w as added. C alcium  
lac ta te  w as added p er 100 g of d iet in  g (BC 1) 1.09, 2.72 4.36; (BC 2 )  0.59, 2.22, 3.85; and  
(BC 3 ) 0.47, 2.11, 3.73 to give 0.19, 0.48 an d  0.78% calcium  for each m acrom inera l m ix ture. 
Calories from  lac ta te  w ere b alanced  w ith  sucrose by rep lac ing  n o n n u tritiv e  bulk.

3 A lphacel, N u tr itio n a l B iochem icals Corporation, Cleveland.
4 The 3 m in e ra l m ix tu res supplied the  follow ing per 100 g of d iet: ( in  m illig ram s) sodium , 300; 

potassium , 300; m agnesium , 51; phosphorus, 400; chloride, 154; an d  acetate , 340.

The fecal samples from each rat were 
dried for 12 hours, ground, mixed and di­
gested with nitric acid ( 26). Then chromic 
oxide (27) and calcium4 content were de­
termined. Dried, fat-free tissues were 
ashed at 600° for 8 hours and the femurs 
for 12 hours. The ash of the femur and of 
a 1-g carcass sample were each dissolved 
in diluted HC1, and the calcium content 
was determined (28, 29).

From the live weight and the total car­
cass calcium values of 2 rats selected at 
random and killed at the start of each 
replicate, a prediction equation was ob­
tained which related total calcium of 
empty carcass to live body weight. An es­
timate of initial empty carcass calcium (Y) 
in grams of each experimental animal was 
obtained from the initial body weight (X) 
in grams as follows: Y = 0.00808X — 
0.21032 (Sf.x = ± 0.014). The calcium re­
tained for the experimental period was ob­
tained, and by relating this value to the to­
tal calcium intake a coefficient of retention 
was calculated. Calcium losses via the 
urine were calculated by subtracting fecal 
from dietary calcium in order to account 
for the total calcium intake during the 
experimental period. The data were 
subjected to analysis of variance and

orthogonal comparisons for a factorial ex­
periment (30).

RESULTS AND DISCUSSION

Although the absolute amount of re­
tained calcium increased with increased 
calcium intake (table 3), the calcium re­
tention, when expressed as a percentage 
of dietary calcium, decreased (P <0.01) 
in linear and quadratic terms. The in­
creased (linear, P < 0.01) fecal calcium 
and urinary calcium as calculated with in­
creased dietary calcium could account for 
the observed reduction in the percentage 
of calcium retention (fig. 1). The reduc­
tion in fecal calcium per unit body weight 
was considered as the major factor in the 
increased percentage of calcium retention 
with low calcium intake (4,31). The re­
duced fecal calcium indicated an increase 
in efficiency of calcium absorption in the 
gastrointestinal tract.5 Decreased dietary 
calcium widened the urinary-to-fecal cal­
cium ratio. Values were 1:6.7, 1:2, and

4 Steckel, J. E., and  R. L. F lannery  1965 Auto­
m atic  d e term ination  of phosphorus, potassium , ca l­
cium  an d  m agnesium  in  w et d igestion solutions of 
p la n t tissue. Technicon Sym posium , T echnicon In s tru ­
m en t Com pany Publications, Chauncey, N ew  York.

s Ali, R. A. M., and  J. L. E vans 1966 C alcium  
absorption  from  gastro in tes tina l segm ents. J. A nim al 
Sci., 2 5 :  888 (a b stra c t) .
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TABLE 3
C alcium  u tiliza tio n

C riterion
Calcium , % B uffering capacity  1 EDTA, % Lactose, %

SE
0.19 0.48 0.78 0.46 0.54 0.76 0 0.2 0 0.12

C alcium  in tak e ,
g /6  weeks 1.18 2.84 4.13 2.85 2.70 2.60 2.78 2.66 2.72 2.71 0.11

R eta ined  calc iu m ,2
g / 6 w eeks 0.82 1.28 1.24 1.27 1.10 0.99 1.22 1.01 1.07 1.16 0.09

Fecal calc ium ,
g /6  w eeks 0.34 1.03 1.72 0.94 1.04 1.13 1.00 1.06 1.08 0.99 0.05

U rin a ry  ca lc iu m ,3
g /6  w eeks 0.05 0.52 1.15 0.64 0.56 0.48 0.56 0.59 0.57 0.56 0.04

1 V alues rep resen t BC 1, BC 2, and  BC 3, respectively . as m illilite rs of 1 n  HC1 requ ired  to reduce pH  of 5 g
or th e  m ixed d iet by one pH  un it.

2 S ignificant in terac tions on ca lc ium  re ten tio n  as g ram s per 6 w eeks (A ) an d  percentage of in tak e  (B ).

1. CA X BC, lin ea r  ( L ) x L  ( P <  0.05) an d  quadra tic  by L (P  <  0.01)
A. Ca, % BC 1 BC 2 BC 3 B. Ca, % BC 1 BC 2 BC 3

0.19 0.90 0.84 0.74 0.19 74 73 63
0.48 1.43 1.28 1.15 0.48 48 45 42
0.78 1.48 1.19 1.08 0.78 34 29 28

2. Ca X Lactose,, L X L (P  <  0.05)
A. Lactose B. Lactose

Ca, % 0% 12% Ca, % 0% 12%

0.19 0.76 0.89 0.19 65 74
0.48 1.18 1.39 0.48 42 48
0.78 1.27 1.22 0.78 31 29

3. BC X Lactose , L X L (P  <  0.01)
A. Lactose B. Lactose

0% 12% 0% 12%

BC 1 1.13 1.41 BC 1 47 57
BC 2 1.10 1.10 BC 2 47 51
BC 3 0.99 0.98 BC 3 44 44

4. B C xED T A , L x L ( P  <  0.05)
A. EDTA B. EDTA

0% 0.2% 0% 0.2%

BC 1 1.42 1.12 BC 1 58 46
BC 2 1.18 1.02 BC 2 52 46
BC 3 1.08 0.90 BC 3 47 42

3 U rine d a ta  w ere ca lcu la ted  by difference.

1:1.5, respectively, for calcium levels of 
0.19, 0.48 and 0.78% , which assured min­
imal losses of calcium when dietary supply 
was limited.

Total body ash and calcium increased 
(P < 0.01) by increasing dietary calcium 
from 0.19 to 0.48% . No corresponding in­
crease was noticed when dietary calcium 
was increased from 0.48 to 0.78% (table
4), due to decreased weight gain with 
0.78% calcium in the diet. There appeared 
to be no trend toward beneficial effects re­
garding total and percentage femur ash 
and calcium (table 4) to the animal by in­
creasing dietary calcium to 0.78%. In­
creasing dietary calcium from 0.19 to

0.48% increased weight gain with almost 
no change in feed intake (table 4), with the 
consequent result of increased feed ef­
ficiency. But, when dietary calcium was in­
creased to 0.78%, there was a greater de­
crease in weight gain (quadratic, P < 
0.05) than in feed intake (table 4), and 
this resulted in a lower feed efficiency. 
The decreased feed intake with increased 
dietary calcium controlled the amount of 
calcium consumed.

The increased dietary acidity repre­
sented by BC 1 increased percentage and 
total calcium retention (P < 0 .01) by de­
creasing total facal calcium (P < 0 .01) 
(fig. 1 and table 3). Urinary calcium in-
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creased with the more acid diets (P < 
0.01), but the increase was not large 
enough to overcome the decreased fecal 
calcium. An acidic diet was reported to 
decrease calcium retention in man by in­

creasing urinary calcium (11) and in the 
rat where the feces represent the major 
pathway of calcium excretion, increased 
urinary calcium would affect calcium re­
tention to a lesser extent. The interaction
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between calcium level and dietary BC on 
calcium retention (table 3) showed that 
BC 1 and 0.48% calcium gave a total cal­
cium retention value comparable to the 
one obtained with 0.78% calcium. In­
creasing calcium intake from 0.19 to 
0.78% decreased percentage calcium re­
tention by more than 50%, whereas the 
decrease from BC 1 to BC 3 was more than 
20%.

Although calcium and ash content of 
the body and femur was increased (P < 
0.05) by feeding the more acid (BC 1) 
diets (table 4), such an increase would 
be expected to be smaller as the fecal-to­
urinary calcium ratio became greater. 
It is possible that the fecal-to-urinary cal­
cium ratio reported for the rat (4, 7,16) 
might represent a difference in the level 
of calcium intake or buffering capacity 
of the diets consumed. The BC 1 diets pro­
duced increased weight gain (P < 0 .01) 
and increased feed intake (P < 0.05), in 
comparison with BC 3 diets, which re­
sulted in improved feed efficiency (P < 
0.01). The decreased dietary pH was re­
ported to increase the rate of digesta acid­
ification in the stomach and indirectly the 
rate of digestion and disappearance of nu­
trients from the stomach (14). The BC 1 
diets gave the lowest gastric pH and high­
est duodenal pH.6 These 2 factors would 
be expected to increase the stomach-emp­
tying rate and could be responsible for the 
increased feed intake that resulted in an 
increased weight gain.

Lactose decreased (P < 0.05) total and 
percentage fecal calcium (fig. 1 and table
3) and increased calcium retention (P < 
0.05). The effect of lactose on calcium 
utilization was reported (32) not to be on 
absorption but rather on calcium deposi­
tion, on the basis that lactose would affect 
the metabolic steps responsible for synthe­
sis of the organic matrix at the ossification 
sites. From other evidence presented (34),7 
the beneficial effect of lactose was found 
to be completely confined to the absorp­
tion processes of calcium.

The interaction between lactose and cal­
cium level on calcium retention (table 3)

6 Ali, R. A. M., and  J. L. Evans 1966 Effect of 
d ie tary  calcium , buffering  capacity , lactose and  EDTA 
on pH  of g astro in testina l contents, serum  calc ium  
and  serum  alkaline  phosphatase activ ity  in  th e  grow­
in g  ra t. Federation  Proc., 2 5 :  367 (a b s tra c t) .

7 See footnote 5.
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showed that the beneficial effect of feed­
ing lactose was more pronounced when cal­
cium supply in the diet was limited, es­
pecially when retention was expressed as 
percentage of calcium intake (table 3 and 
fig. 1). The interaction of lactose and die­
tary BC, however, showed a relationship 
between the effect of lactose on calcium 
retention and the acid-base value of the 
diet. The combination of BC 1 and lactose 
in the diet produced the highest calcium 
retention values whether expressed on the 
basis of total calcium retention or as the 
percentage of calcium intake (table 3 and 
fig. 1).

The increased (P < 0.01) calcium de­
position in the bones was made evident 
by feeding lactose (table 4). Although 
lactose showed no main effect on both 
weight gain and feed intake, it interacted 
with dietary BC in increasing feed intake 
and feed efficiency. Both dietary BC and 
lactose showed direct effects on the pH 
pattern of the gastrointestinal tract which 
would affect the level of feed intake (14).8

The decreased calcium retention (P < 
0.05) from feeding EDTA was the result 
of increased fecal calcium output (P < 
0.05, table 3 and fig. 1). The effect was 
expected to be greater on urinary calcium 
excretion, especially with BC 3 diets, since 
it was reported that ingestion of bicarbon­
ate after oral Ca-EDTA administration re­
sulted in an enhanced urinary calcium 
output (35). Calcium retention was de­
creased most with EDTA in combination 
with BC 1 diets. Decreased body ash and 
calcium (P < 0.05) and femur ash and 
calcium (P < 0.01, table 4) resulted from 
the ingestion of a diet containing 0.2% 
EDTA. EDTA decreased weight gain (P < 
0.01) and feed intake and efficiency but 
not significantly (table 4), and this might 
reflect the stress put on the animal by 
feeding EDTA.

ACKNOW LEDGMENTS
The authors thank Dr. H. P. Andrews 

and Dr. R. D. Snee for assistance with 
the statistical evaluation of the data.

LITERATURE CITED
1. F a irb an k s , B. W ., an d  H. H. M itchell 1936 

T he re la tio n  be tw een  calc iu m  re te n tio n  and  
th e  store of calc iu m  in  th e  body, w ith  p a r­
tic u la r  re fe ren ce  to th e  d e te rm in a tio n  of cal­
c ium  req u irem en ts . J. N u tr ., 11: 551.

2. R o tten sten , K. V. 1938 T he effect of hody 
stores on  th e  efficiency of calc iu m  u tiliza ­
tion . B iochem . J., 32; 1285.

3. Forbes, R. M. 1964 M ineral u tiliza tio n  in  
th e  r a t;  effects o f calc ium , ph o sp h o ru s , lac ­
tose an d  source of p ro te in  in  zinc-deficient 
an d  in  z inc-adequate  d iets. J . N u tr., 83: 225.

4. H a n sa rd , S. L ., a n d  M. P. P lum lee  1954 
E ffects of d ie ta ry  calc iu m  a n d  p h osphorus 
levels on th e  physio logical b ehav io r of ca l­
c iu m  a n d  p h osphorus in  th e  ra t. J . N u tr., 
54: 17.

5. D avis, G. K. 1959 E ffects of h ig h  calc ium  
in tak es  on th e  abso rp tion  of o th er n u trie n ts . 
F ed eratio n  Proc., 18: 1119.

6. L anfo rd , C. S., H. L. C am pbell an d  H . C. 
S h erm an  1941 Influence  of d ifferen t n u ­
tr itio n a l conditions u p o n  th e  level of a tta in ­
m en t in  th e  n o rm al in crease  o f ca lc iu m  in  
th e  grow ing body. J. Biol. C hem ., 137: 627.

7. H enry , K. M., a n d  S. K. Kon 1953 T he re ­
la tio n sh ip  be tw een  calc iu m  re te n tio n  an d  
body stores of ca lc iu m  in  th e  ra t:  effect of 
age an d  v ita m in  D. B rit. J . N u tr ., 7; 147.

8. S h erm an , H. C., an d  H . L. C am pbell 1935 
E ffects o f in c reas in g  th e  calc iu m  c o n ten t of 
a  d ie t in  w h ich  calc ium  is one of th e  lim it­
in g  facto rs. J. N u tr ., 10: 363.

9. Com bs, G. E ., T. H . B erry, H. D. W allace  
an d  R. C. C rum , Jr. 1966 Levels an d  
sources of v ita m in  D fo r p igs fed  d iets con­
ta in in g  vary ing  q u a n titie s  of calc ium . J. A ni­
m a l Sci., 25: 827.

10. G ivens, M. H. 1918 S tudies in  calc ium  
an d  m ag n esiu m  m etabolism . F u rth e r  ob­
servations on  th e  effect o f acid  a n d  o th er d ie­
ta ry  facto rs. J. Biol. C hem ., 35: 241.

11. B ogart, L. J ., and  E. E. K irk p a trick  1922 
Studies in  in o rg an ic  m etabolism . II. T h e  ef­
fects o f acid-form ing  a n d  base-form ing  d iets 
upon  calc iu m  m etabolism . J. Biol. C hem ., 
54: 375.

12. Shohl, A. T. 1937 T he effect o f th e  acid- 
base co n ten t of th e  d ie t u p o n  th e  p ro d u c tio n  
an d  cu re  o f rick e ts  w ith  specia l re fe ren ce  to 
c itra te . J. N u tr., 14: 69.

13. T hom as, J. E. 1957 M echanics a n d  re g u ­
la tio n  of gastric  em pty ing . Physiol. Rev., 37: 
453.

14. Rogers, Q. R., a n d  A. E. H a rp er 1966 P ro­
te in  d igestion: n u tr it io n a l a n d  m etabolic  con­
sid e ratio n ; effect of d ie ta ry  pH . W orld  Rev. 
N u tr. D iet., 6: 250.

15. H a ra , T. 1951-1952 E x p erim en ta l stud ies 
on  the  u tiliza tio n  of ca lc iu m  w ith  spec ia l re f­
erence to th e  availab ility  of calc iu m  of bone 
m eal. Ja p a n . J. N u tr ., 19: 31.

16. H enry , K. M., an d  S. K. Kon 1939 Studies 
on  th e  m etabo lism  of calc iu m  an d  p h o s­
p h o ru s an d  on  th e  availib ility  of these  ele­
m en ts  fro m  m ilk  a n d  fro m  in o rg an ic  sources. 
B iochem . J., 33: 173.

17. O uthouse, J ., J . Sm ith , L. M erritt an d  F. R. 
W hite  1937 A com parative  s tu d y  of the  
g row th-prom oting  a n d  bone-calc ify ing  effects 
of several carbohydra tes. J . N u tr ., 14: 579.

s See footnote 6.



424 J. L. E V A N S  A N D  R. ALI

18. M ills, R., H . B reiter, E . K am pster, B. McKey,
M. P ick en s a n d  J. O uthouse 1940 T h e  in ­
fluence of lac tose  on  ca lc iu m  re te n tio n  in  
ch ild ren . J . N u tr ., 20: 467.

19. F o u rn ie r, P . L ., a n d  Y. D upuis 1962 Re­
la tio n  be tw een  ab so rp tion  an d  u tiliza tio n  of 
calcium . Com pt. R end. Acad. Sci., 255: 1649.

20. W h ittie r, E. O., C. A. C ary an d  N . R. E llis 
1935 T he effects o f lac tose  on  grow th  and  
longevity . J. N u tr ., 9: 521.

21. T om arelli, R. M., R. H artz  an d  F. W . B em - 
h a r t  1960 T he effect of lac tose  feed in g  on 
th e  body f a t  o f th e  ra t.  J. N u tr ., 71: 221.

22. K line, O. L., J. A. K eenan , C. A. E lveh jem  
a n d  E . B. H a r t  1932 L actose in  n u tritio n .
J. Biol. C hem ., 98: 121.

23. H aw kins, W. W ., V. G. L eonard , J. E . M ax­
w ell a n d  K. S. R astogi 1962 A stu d y  of 
the  pro longed  in ta k e  of sm all am o u n ts  of 
EDTA on th e  u tiliza tio n  of low  d ie ta ry  levels 
of calc iu m  and  iro n  by th e  ra t. C an. J . Bio- 
chem . Physiol., 40: 391.

24. C law son, A. J ., J . T. R eid, B. E. Sheffy a n d  J. 
P . W illiam s 1955 Use of ch rom ic  oxide in  
d igestion  s tud ies w ith  sw ine. J. A nim al. Sci., 
14: 700.

25. Jo h n so n , D. E ., W . E. D in usson  and  D. W . 
B olin 1964 R ate  o f p assage  of chrom ic 
oxide an d  com position  of d igesta  a long  th e  
a lim en ta ry  tra c t o f w ethers. J. A n im al Sci., 
23: 499.

26. C zarnocki, J ., I. R. Sibbold a n d  E . V. E vans 
1961 T he d e te rm in a tio n  of chrom ic oxide 
in  sam ples o f feed  a n d  ex cre ta  by acid  diges­
tio n  an d  spectrophotom etry . Can. J. A nim al 
Sci., 41: 167.

27. C arte r, J. F ., D. W . B olin a n d  D. E rickson  
1960 T he ev a lu a tio n  of fo rages by the  agro­
nom ic “d ifference” m eth o d  a n d  th e  chrom o­
gen chrom ic oxide “in d ic a to r” technique.

N o rth  D ako ta  A gricu ltu ra l E x p erim en t S ta­
tio n  Tech. Bull. 426, S ta te  College S ta tion ,
N . D.

28. A ppleton , H . D ., M. W est, M M andel a n d  A. 
M. Sala  1959 T he ra p id  d e te rm in a tio n  of 
ca lc iu m  in  b iological m a te ria l. C lin . C hem ., 
5: 36.

29. M ori, K. 1959 D irect m icro-com plexom et- 
ric  analy sis  o f calc iu m  in  b io log ical m a te ­
ria ls . A rch. B iochem . B iophys., 83: 552.

30. Snedecor, G. W . 1956 S ta tis tica l M ethods, 
ed. 5. Iow a Sta te  College P ress , A m es., pp. 
329—393.

31. H enry , K. M „ S. K. K ron, P . E. T odd, J . Toot- 
h ill a n d  D. H . T om lin  1960 C alc ium  an d  
phosp h o ru s m etabo lism  in  th e  ra t:  effect of 
age on  ra te  of ad ap ta tio n  to a  low  calc iu m  
in tak e . A cta  B iochim . Pol., 7: 167.

32. F o u rn ie r, P . L. 1955 T he re la tio n  be tw een  
u tiliza tio n  of th e  s tru c tu ra l carbohydra tes 
an d  calcification . Com pt. R end. Acad. Sci., 
240: 1364.

33. F o u rn ie r, P . L., Y. D upu is, H . Susbielle, M. 
Allez an d  N. T ard y  1955 M ode of action  of 
s tru c tu ra l carbohydra tes on ca lc iu m  u tiliz a ­
tion. J. Physio l. (P a r is ) ,  47: 351.

34. L en g em an n , F. W. 1959 T he site  o f action  
of lac tose  in  th e  e n h an c em e n t o f ca lc iu m  
u tiliza tio n . J . N u tr ., 69: 23.

35. R u b in , M 1963 T h e  biological im p lica ­
tions o f a lk a lin e  e a r th  ch e la tio n . In : T he 
T ran s fe r  o f C alc ium  a n d  S tro n tiu m  A cross 
B iological M em branes, ed., R. H . W asser- 
m a n . A cadem ic P ress , N ew  York.

36. N a tio n a l R esearch  C ouncil, C om m ittee  on 
A n im al N u tritio n  1962 N u tr ie n t re q u ire ­
m en ts  of lab o ra to ry  an im als , pub . 990. N a ­
tio n a l A cadem y of Sciences —  N a tio n a l Re­
sea rch  C ouncil, W ash ing ton , D. C., pp- 5 1 -  
80.



Accumulation and Elimination of Dietary Gossypol 
in the Organs of Rainbow Trout1,2

J. N. ROEHM , D. J. LEE a n d  R. O. SINNHUBER
D ep a rtm en t o f Food Science a n d  Technology, Oregon S ta te  U niversity , 
Corvallis, Oregon

A B ST R A C T  A study  w as m ade  to de te rm in e  the  p a tte rn  of accu m u la tio n  an d  e lim ­
in a tio n  of d ie ta ry  gossypol fro m  various o rgans of ra in b o w  tro u t. Y oung fingerling  tro u t 
w ere fed  purified  diets co n ta in in g  gossypol a t  levels o f 250 an d  1000 ppm . F ish  fed  
1000 p p m  gossypol fo r 18 m o n th s accu m u la ted  larg e  am o u n ts of gossypol in  th e ir 
tissue, w ith  th e  h ig h es t co n cen tra tio n  being  in  th e  liver an d  th e  low est in  th e  m uscle  
tissue. A fter th e  fish h a d  received a gossypol-free recovery  d ie t fo r 10 w eeks, these  tis­
sue levels w ere on ly  p a rtia lly  dep le ted , w ith  th e  free  gossypol levels being  low ered 
m u ch  m ore th a n  th e  hound . T he b o u n d  gossypol c o n ten t o f the  liver w as no t signifi­
c an tly  reduced  over th is  10-week period . F ish  ra ised  w ith  a  gossypol-free con tro l d iet 
fo r 9 m o n th s an d  th en  fed  1000 ppm  d ie ta ry  gossypol fo r 2 m o n th s accu m u la ted  
m u ch  low er levels o f free  gossypol in  th e ir  o rgans, b u t levels of bound  gossypol ap ­
p ro ach ed  those  of fish fed  gossypol fo r  18 m o n th s . F ish  fed  250 ppm  d ie ta ry  gossypol 
fo r 12 m o n th s accu m u la ted  low er co n cen tra tio n s of gossypol in  th e ir  o rgans. In  all 
cases, the  liver accu m u la ted  th e  h ig h est co n cen tra tio n  of gossypol.

Gossypol is a yellow pigment formed in 
the cotton plant and is present in varying 
amounts in processed cottonseed meal. 
When fed in sufficient quantities, this com­
pound has been shown to be toxic to a 
large number of nonruminant animals (1-
6). In some cottonseed meals, gossypol 
may be present in sufficient quantities to 
cause this toxicity, and its use in animal 
feeding is therefore limited.

The toxicity of this compound has been 
attributed by Menual (7) to its inhibition 
of the conversion of oxyhemoglobin to he­
moglobin in the blood, and also to hemol­
ysis of erythrocytes. The resulting stress 
on respiratory and circulatory organs com­
monly produces edema of the lungs, he­
molytic anemia, and cardiac failure. More 
general symptoms are anorexia, growth de­
pression, and finally death. The accumu­
lation of ingested gossypol in body tissues 
was demonstrated recently with swine, 
where the buildup was particularly high 
in the liver (8-9). In general, the organs 
that accumulated large amounts of gos­
sypol were the ones that Menual had 
found to have severe histological damage 
in cases of toxicity.

Since trout rations are high in protein, 
35 to 50%, any toxic compound contam­
inating the protein source might reach 
dangerous levels in the diet. A diet con­

taining 25% cottonseed meal could con­
tain from 100 to 250 ppm free gossypol. 
Therefore the present study was under­
taken to study the accumulation and elim­
ination of gossypol in rainbow trout.

MATERIALS AND METHODS

Fish used in this experiment were Mt. 
Shasta strain rainbow trout (Salmo gaird- 
nerii). Eggs from the parent fish were 
hatched in our laboratory, and reared in 
well-water at a constant temperature of 
11.5°. The experimental diets 3 were fed 
to duplicate lots of trout held in 122-cm 
circular fiberglass tanks. The fish received 
from one to three feedings per day depend­
ing on their size, and were fed 90% of the 
ad libitum amount. This was approxi­
mately 4% of body weight when they were 
small to 2% as the feeding period pro­
gressed. Fish receiving 1000 ppm gossypol 
consumed only one-half as much as con­
trol fish.

Received fo r pub lica tion  M arch  7, 1967.
1 T his investiga tion  w as supported  by P ublic  H ealth  

Service R esearch  G ran t no. CA-06285-02 from  the 
N atio n a l C ancer In s titu te , an d  G ran t no. 735-1 from  
the  N u tritio n  F oundation  Inc.

2 T echnical P aper no. 2254, Oregon A gricu ltu ral 
E xperim ent S tation.

3 T he au thors express th e ir  th an k s  to Dr. L. A. 
G oldblatt, Southern Regional R esearch L aboratory, 
N ew  O rleans, L ouisiana, fo r th e  g ift of th e  gossypol- 
acetic acid  used  in  these experim ents; B um ble Bee 
Seafoods, A storia, Oregon, fo r th e  salm on oil; and  
D istilla tion  P roducts Industries , Rochester, N ew  York, 
fo r the  v itam in  E.
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TABLE 1
C om position  o f exp erim en ta l tro u t diets

Com position *

Diet 1 Diet 2
(co n tro l) (co n tro l)

C asein , v itam in -free 49.4 49.4
G elatin 8.7 8.7
D extrin 15.6 15.6
C orn oil 14.0 5.0
Salm on oil — 5.0
Salt m ix  no. 2 USP XIII 4.0 4.0
C alcium  carb o n a te 0.9 0.9
C arboxym ethylcellu lose 1.3 1.3
C ellulose 2 2.5 6.5
V itam in  m ix  3 2.0 2.0
C holine chloride 1.0 1.0
a-Tocopheryl aceta te  

( l lO I U / g ) 0.6 0.6

1 Diet 1 is contro l p lus 1000 ppm  gossypol-acetic acid 
added in  the  lip id  prem ix. D iet 2 con ta ined  250 ppm  
gossypol added in  the  sam e way.

2 A lphacel, Corn Products C om pany, Argo, Illinois.
s Supplied follow ing levels of v itam ins and  pre­

servatives: (m g /k g  d ie t)  th iam in e , 64; riboflavin, 144; 
n iac inam ide, 512; bio tin , 1.6; Ca D -pantothenate, 288; 
pyridoxine, 48; folic acid, 19.2; m enadione, 16; cobal- 
am ine, 0.159; i-inositol ( m e s o ) ,  2500; ascorbic acid, 
1200; p-am inobenzoic acid, 400; bu ty la ted  hydroxy 
anisole, 15; v itam in  D, 4000 IU ; v itam in  A, 216,000 
IU ; bu ty la ted  hydroxy toluene, 15.

In the first of 3 experiments, duplicate 
lots of 150 newly hatched fry received 
1000 ppm gossypol acetic acid (diet 1, 
see table 1) for 18 months. Samples were 
taken at this time for gossypol analysis 
and the remaining fish were fed control 
diet 1 for 10 weeks. Random samples were 
taken after the fish had received the con­
trol diet for one, three, five and ten weeks.

In experiment 2, 50 nine-month-old con­
trol-fed fish weighing approximately 150 g 
each were fed the 1000-ppm gossypol-ace­
tic acid diet (diet 1) for 8 weeks. A ran­
dom sample was taken and the remaining 
fish were returned to the control diet for 
10 weeks at which time a final sample was 
taken for gossypol analysis.

Experiment 3 consisted of feeding 250 
ppm gossypol-acetic acid in the control 
diet (diet 2) for 12 months and determin­
ing the accumulation of gossypol in the 
tissues of fish selected at random. Three- 
hundred 30-day-old fry were fed this ex­
perimental diet. The experimental diet was 
changed as shown in table 1 for experi­
ment 3 because the addition of salmon oil 
was found to increase the growth rate and 
reduce mortality (12).

The organs from each sample fish were 
removed, placed in sealed jars, and stored 
at — 280 until analyzed. In some in­

stances, organs such as the heart and 
spleen were so small that the use of pooled 
samples was necessary. Each organ or 
group of organs was weighed, and gossypol 
determined by the procedure of Smith (11). 
In this procedure, free gossypol is defined 
as that gossypol which can be extracted 
from the tissue with ethanol:ether 5:2 
(v/v). Bound gossypol is that which re­
mains in the tissue after the solvent ex­
traction and is removed by reacting the tis­
sue with aniline and then extracting it with 
hexane. Quantitative analysis is effected 
by measuring the absorbance of the aniline 
condensation product of the extracted gos­
sypol, and comparing it to a standard 
curve.

RESULTS

Feeding the diet containing 1000 ppm 
gossypol (diet 1) for 18 months resulted 
in large accumulations of both free and 
bound gossypol in the organs of rainbow 
trout (table 2). This accumulation was 
particularly high in the liver and, to a 
somewhat lesser extent, in the spleen and 
kidney. The lowest concentration of gos­
sypol was noted in the muscle tissue.

After feeding this group of fish a gos- 
sypol-free recovery diet for 10 weeks, all 
the organs sampled contained significantly 
reduced (P < 0.01) concentrations of free 
gossypol. Bound gossypol, however, was 
reduced only in the gastrointestinal tract, 
and increased considerably in the pooled 
samples of heart and spleen tissue. The 
bound gossypol in the liver increased sig­
nificantly (P < 0.01) after one week of the 
control, and then decreased to the original 
level. Over the 10-week period, therefore, 
there was no net change in bound gossypol 
in the liver. A similar effect was observed 
in the kidney tissue.

The fish in this group accepted the diet 
well, but had a much lower feed consump­
tion and approximately one-half the growth 
rate of the controls. Fish fed higher levels 
of gossypol (2000 ppm) did not accept the 
diet.

Fish fed diet 1 for a 2-month period 
(table 3) accumulated smaller concentra­
tions of gossypol in their tissue. Again the 
greatest accumulation was in the liver, 
whereas the muscle contained so little gos­
sypol it could not be quantitatively assayed. 
When these fish were fed a gossypol-free
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TABLE 2
Gossypol levels in  tissues fro m  fish  fe d  1000 p p m  gossypol-acetic acid  18 m o n th s  

th e n  th e  control d ie t fo r a 10-w eek period  (exp. 1)

Tissue no1 Gossypol
Weeks fed gossypol-free diet L.S.D.

0 1 3 5 10 0.05 0.01

Liver 4.59 free 358
fig gossypol/g tissue 
415 232 266 167 89.3 122.4

4.59 bound 202 319 220 282 203 77.6 106.3
Kidney 2.93 free 302 291 161 181 126 74.0 105.3

2.75 bound 77 196 120 151 121 56.5 81.2
M uscle 3.55 free 10.7 9.8 4.5 — — 2.7 3.9

3.43 bound 2.9 3.7 2.1 2.0 — 1.7 2.4
GI trac t 3.38 free 73 40 14 21 16 13.6 19.0

3.38 bound 28 21 15 19 16 12.0 16.8
H eart P ( 5 )  2 free 373 125 70 51 30 — —

P ( 5 ) bound 18 54 21 25 34 — —
Spleen P ( 5 ) free 392 327 144 177 121 — —

P ( 5 ) bound 69 216 166 192 215 — —
1 n 21 n„ is the pooled replication, calculated by the form ula n0 =   ̂ n ---- —  where k =  the

num ber of treatm ents, and n =  the num ber of replications per treatm ent (13).
2 Denotes a pooled sample of 5 organs.

TABLE 3
Gossypol c o n ten t o f tissues fro m  rainbow  tro u t fed  

diet 1 (1000 p p m  gossypol) fo r 2 m o n th s  and  
diet 2 (250 p p m  gossypol) fo r 12 m o n th s  1

Exp. 2
Tissue Gossypol

Diet 1 10-week 
recovery 2 Diet 2

Liver free
fig gossypol/g tissue 

207 83 83
b ound 109 100 94

Kidney free 41 40 45
bound 88 23 73

M uscle free — — —

bound — — —
GI trac t free 27 11 25

bound 12 5 10
H eart free 39 22 32

bound 26 16 18
Spleen free 108 82 49

bound 53 47 44

1 Values represent pooled samples of 5 organs each.
2 Fish fed diet 1 for 2 m onths were then fed a 

gossypol-free control diet.

diet for 10 weeks, there was a general re­
duction in both free and bound gossypol 
in all tissues except the liver and spleen, 
which showed no change in bound gos­
sypol content. The fish in this group 
showed no adverse effects from the high 
level of gossypol fed for the 2-month 
period. Food consumption was lower than 
that of the control.

In experiment 3, fish fed diet 2 (250 
ppm gossypol) for a 12-month period 
showed no growth depression as in ex­
periment 1 in which 1000 ppm gossypol 
were fed. The gossypol levels of their or­
gans were generally comparable to those 
of the fish fed diet 1 for 2 months with 
lower levels of free gossypol in the liver 
and spleen (table 3). As in experiments 
1 and 2, the highest concentration of gos­
sypol was in the liver.

DISCUSSION

The accumulation of dietary gossypol in 
the tissues of rainbow trout was similar to 
that reported in swine by Smith and Claw­
son (9), and Sharma et al. (12). The 
highly vascular organs showed the highest 
concentrations, with elevated levels of free 
gossypol accumulating in these organs 
(liver, kidney, spleen and heart) with an 
increased gossypol intake. In contrast, the 
bound gossypol levels were similar for all 
three gossypol-fed groups in all tissues ex­
cept the liver. This was unexpected as 
either the levels of dietary gossypol, time 
fed the experimental diet, or the age of the 
fish was different in each feeding trial.

The levels of bound gossypol in the tis­
sues of fish fed 250 ppm for 12 months 
were one-half or more of those in fish re­
ceiving 1000 ppm for 18 months. This
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indicates the possibility of a slow buildup 
of gossypol for extended periods of time. 
The importance in determining the long- 
range effects of ingested gossypol was dem­
onstrated by Sharma et al. (12) who 
reported that low dietary protein levels en­
hanced the accumulation of gossypol in 
the tissues of swine. In this respect, it 
should be pointed out that adequate levels 
of protein were fed in the experimental 
diets used in this study (table 1).

The increase in bound gossypol levels in 
the tissues of fish removed from the high 
gossypol diet after an 18-month period 
cannot be explained at present. There was 
an apparent shift of accumulated gossypol 
from muscle, stomach, intestines and heart 
to the liver, spleen and kidney immediately 
after the fish were fed a gossypol-free diet. 
At the same time there was an increase in 
the bound gossypol levels of all tissues ex­
cept muscle and gastrointestinal tract. 
Free gossypol levels in all tissues dropped 
significantly during the 10-week period, 
whereas the levels of bound gossypol in­
creased or showed little change. Although 
it appears unlikely that “free” gossypol ex­
ists in a totally free state in the tissue, the 
difference in the type, or types, of binding 
which distinguished free from bound gos­
sypol appears to be an important factor in 
the elimination of gossypol.

The presence of two reactive carbonyl 
groups on the gossypol molecule as well as 
the multiplicity of nucleophiles available 
for reaction in vivo makes possible a wide 
variety of “bound” compounds. These com­
pounds probably vary widely in their motil­
ity within the body, and make the mecha­
nism of their elimination extremely 
complex.

The high levels of gossypol noted in the 
liver tissue appear to indicate that this is 
the main organ responsible for elimina­
tion of these compounds, and that this

elimination takes place with considerable 
difficulty.
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A B S T R A C T  A study  w as m ade  to de te rm in e  th e  first-lim iting  n itrogenous com po­
n e n t in  rice p ro te in  fo r n itro g en  re te n tio n  in  h u m a n  adu lts. Six sub jects fed  diets 
p rov id ing  1) 6 g n itro g en  fro m  rice  o r 6 g n itro g en  fro m  rice  supp lem eted  w ith  2 )  
2 g am ino  acid  n itro g en  com bined in  th e  rice  p a tte rn , 3 )  2 g nonspecific  n itrogen , 
an d  4 )  6 g nonspecific  n itro g en , ach ieved  average n itro g en  b a lances of — 0.01, +  0.23, 
— 0.13, a n d  + 0 .2 5  g /d ay , respectively . T he study  w as 43 days in  len g th  an d  in ­
c luded  th ree  10-day an d  one 5-day ex p erim en ta l periods. A second study  w as m ade  
to de te rm in e  th e  first-lim iting  essen tia l am ino  acid  in  rice p ro te in  fo r n itro g en  re te n ­
tio n  w h en  th e  d ie t co n ta in ed  ad eq u a te  am o u n ts  of to ta l n itro g en  (1 2  g /d a y ) .  T he 
s tu d y  w as 55 days in  len g th  w ith  ex p erim en ta l periods o f 5 days. In  th e  firs t p a r t  of 
th e  ex p erim en t, red u cin g  the  a m o u n t of rice to provide fro m  6 to  2 g n itro g e n /d a y  
re su lted  in  h ig h ly  s ign ifican t d ifferences in  n itro g en  b a lances o f 6 a d u lt subjects. 
M ean n itro g en  b a lances w ere: +  0.45 (6  g rice  N ) ,  — 0.31 (4  g rice N ) ,  — 0.70 (3  g 
rice  N ) ,  a n d  — 1.13 g /d a y  (2  g rice  N ) . Subsequently , various essen tia l am ino  acids 
or am in o  acid  com binations, suspec ted  as being  lim ited  in  rice p ro te in , w ere tested  
in  sub jects fed  m in im a l levels o f rice  n itro g en  a n d  a h ig h  level o f to ta l n itro g en  (12  
g /d a y ) .  M ean n itro g en  b a lan ces  o f sub jects fed  rice su p p lem en ted  w ith  am ino  acids 
as p rovided by 0.5 g rice  n itro g en  w ere + 0 .1 5  (EAA p lu s cystine  an d  ty ro s in e ), 
+  0.26 (ly sin e  p lu s th re o n in e ) , +  0.14 ( ly s in e ) , — 0.32 ( th re o n in e ) , an d  — 0.03 g /d a y  
(m eth io n in e  p lus c y stin e ). N itrogen  re ten tio n s w ere sign ifican tly  h ig h er in  response 
to  th e  ly sin e-con tain ing  su p p lem en ts th a n  to those co n ta in in g  th reo n in e  alone or m e­
th ion ine-cystine , in d ic a tin g  th a t  lysine  is th e  first-lim iting  am ino  acid  in  rice  p ro te in  
fo r su p p o rtin g  n itro g en  re te n tio n  w h en  th e  d ie t provides a  h ig h  level o f to ta l n itrogen .

A comparison of rice protein with high 
quality proteins indicates a lower content 
of nitrogen and of certain essential amino 
acids in rice proteins. A common approach 
used in improving the nutritive value of 
rice protein has been to supplement with 
purified amino acids (1, 2) or with high 
quality animal proteins (3-5).

Recent reports have indicated that the 
total amount of dietary nitrogen as well as 
the amount of essential amino acids may 
be important in determining the adequacy 
of the dietary protein. Snyderman et al.
(6) demonstrated that growth of infants 
receiving inadequate amounts of milk pro­
tein could be restored and nitrogen reten­
tion improved by the addition of nonessen­
tial nitrogen from either glycine or urea. 
Results of Kies et al.3 indicated that the 
addition of nitrogen from a variety of 
sources improved the nitrogen balance re­
sponse of adult men fed inadequate 
amounts of corn protein.
J. N u t r it io n , 92: ’67.

The objectives of the present project 
were to determine the order in which ni­
trogenous factors limit the usefulness of 
rice protein for human adults and to de­
termine the first-limiting essential amino 
acid in rice protein when the diet provides 
an adequate amount of total nitrogen.

EXPERIM ENTAL

Two separate metabolism studies were 
conducted. The first study was designed to 
compare the adequacy for support of nitro-
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TABLE 1
D iet p lans

Diet
type

Time
fed

Dietary nitrogen, sources and amount
Glycine 1 -{- 

Rice diammonium 
citrate

Purified 
amino 
acids 2

Total N 
intake 3

d a y s g  N / s u b j e c t / d a y
Study 1 4

D epletion 3 1.1 0 0 1.7
A d ju stm en t 5 6.0 0 0 6.6
Exp. 1 10 6.0 0 0 6.6
Exp. 2 10 6.0 2.0 0 8.6
Exp. 3 5 6.0 0.65 1.35 (10  AA) 8.6
Exp. 4 10 6.0 6.0 0 12.6

Study 2  5
D epletion 2 1.1 0 0 1.8
A d ju stm en t 3 6.0 6.0 0 12.7
Exp. 1 5 2.0 10.0 0 12.7
Exp. 2 5 3.0 9.0 0 12.7
Exp. 3 5 4.0 8.0 0 12.7
Exp. 4 5 6.0 6.0 0 12.7
Exp. 5 5 +  6 +  6 0 12.7
Exp. 6 5 +  6 +  6 10 AA 12.7
Exp. 7 5 +  8 +  6 lysine 12.7
Exp. 8 5 +  8 +  8 th reo n in e 12.7
Exp. 9 5 +  6 +  8 th reo n in e  +  lysine 12.7
Exp. 10 5 +  8 +  8 m eth io n in e  +  cystine 12.7

1 Glycine an d  d iam m onium  c itra te  in  isonitrogenous am ounts w ere used  as the d ie tary  supple­
m en ta ry  source of nonspecific n itrogen.

2 Purified am ino acids w ere fed  in  th e  am ounts and  proportions p resen t in  2.0 g rice  n itrogen  
(essen tia l am ino acids p lu s cystine an d  ty rosine) in  d iet 3, study 1 or in  5.0 g rice n itrogen  as 
specified in  diets 5 th rough  10, study 2.

3 Total n itrogen  in tak e  figures include 0.6 to 0.7 g n itrogen  fu rn ish ed  by basa l diet. T his con­
sisted of the  follow ing item s (g /su b je c t/d a y )  in  study 1: tom ato  ju ice , 80; cabbage, 50; green beans, 
100; pears or applesauce, 100; beef boullion, 14; coffee or tea, varied. In  study 2: tom ato  ju ice , 80; 
cabbage, 50; green beans, 100; peaches, 100; p ineapple, 100; beef bouillon, 14; coffee or tea , varied; 
jelly , varied. A m ultip le  v itam in  supplem ent provided the  follow ing: v itam in  A, 5000 IU ; v itam in  
D, 500 IU; th iam in e , 2 m g; riboflavin, 2.5 m g; ascorbic acid, 50 m g; pyridoxine, 1 m g; v itam in  B12, 
1 fig; n iac inam ide, 20 m g; an d  p an to then ic  acid, 1 m g p er sub ject per day; an d  4.3 m g of m in e ra l 
supplem ent provided (g /s u b je c t /d a y ) : Ca, 0.66; P, 0.36; Mg, 0.24; Fe, 0.02; Cu, 0.002; I, 0.0002; 
M n, 0.002; an d  Zn, 0.001.

4 E xperim enta l periods du ring  w hich  experim enta l diets 1 th rough  4, study 1, w ere fed  w ere 
a rranged  a t  random ; how ever, w ith in  th is  random ization , th e  period in  w hich  d iet 3 w as fed 
alw ays d irectly  follow ed th a t  in  w h ich  d iet 2 w as given in  tim e sequence.

s E xperim en ta l periods d u rin g  w hich  experim en ta l diets 1 th rough  4, study 2, were fed  were 
arran g ed  a t  random . These periods w ere follow ed by a  period d u rin g  w hich  subjects received d iet 5 
w hich  provided 5 g rice n itrogen  fo r subjects T, W, an d  P; 2 a n d  3.5 g rice n itrogen  fo r subjects 
S an d  X. (These am ounts w ere selected on the  basis of resu lts of the  fo u r earlie r experim ental 
periods as probably being  m idw ay betw een adequate  an d  inadeq u a te  am o u n ts .)  E xperim en ta l periods 
d u rin g  w hich  diets 6 th rough  10 w ere fed  were a rranged  a t random  fo r each subject. D uring  these 
periods, rice  provided 5.0 g n itro g e n /d a y  fo r sub ject T, 4.0 g n itro g e n /d a y  fo r subjects, S, P an d  
Z, 3.0 g n itro g e n /d a y  fo r subject X, an d  2.5 g n itro g e n /d a y  fo r subject W  (am o u n ts  as determ ined 
in  ea rlie r periods as probably being ju s t  slightly  in ad eq u a te ). The glycine-diam m onium  citra te  
m ix tu re  m ain ta in ed  to ta l n itrogen  in tak e  co n stan t a t 12.7 g /day .

6 V aried w ith  subject.

gen balance of diets providing protein al­
most entirely from rice with diets in which 
rice was supplemented with amino acids 
or with a low or high level of glycine and 
diammonium citrate, designated as non­
specific nitrogen. The purpose of the sec­
ond study was to determine the first-limit­
ing essential amino acid in rice protein for 
supporting nitrogen balance when total ni­
trogen intake was maintained at a high 
level by adding nonspecific nitrogen to the 
diet.

The experimental diet plans for the 2 
studies are shown in table 1. Both studies

included a period of low nitrogen feeding 
to deplete subjects of easily lost protein re­
serves and a period of adjustment to the 
experimental diet. The experimental 
periods were 5 or 10 days in length, 5 days 
when successive diets were of the same ni­
trogen content and 10 days when the ni­
trogen content varied from period to 
period. Subjects were assigned to the vari­
ous experimental treatments in a random 
manner.

Subjects. The University of Nebraska 
students who were subjects for the stud­
ies are described in table 2. All were in
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good health as revealed by a physician’s 
examination preceding and following the 
experimental periods and maintained their 
regular school activities (study 1) or were 
engaged in laboratory work during the 
time of the experiment (study 2).

Diets.4 The depletion diet fed at the 
beginning of both experiments (table 1) 
provided 1.7 to 1.8 g nitrogen daily.

The experimental diets used in study 1 
(table 1) provided 6 g nitrogen from rice 
and approximately 0.6 g nitrogen from 
natural foods in the diet. The amount of 
rice fed remained constant throughout the 
experiment, 551 g daily. Rice was pre­
pared by steaming and equal amounts were 
served at each of 3 meals. Nitrogenous 
supplements consisted of an amino acid 
mixture providing essential and nonessen­
tial amino acids combined in the rice 
pattern and an isonitrogenous mixture of 
glycine and diammonium citrate. The 
amino acid mixture was fed to provide 
amounts of amino acids present in 2.0 g 
rice nitrogen and glycine and diammonium 
citrate were added so that the total nitro­
gen content of the supplement was 2.0 g. 
In periods when nonspecific nitrogen was 
used as a supplement, glycine and diam­
monium citrate were combined isonitro- 
genously and made into solution. The 
solution, providing either 2.0 or 6.0 g ni­
trogen, was flavored with dextrose and 
lemon juice and served in equal amounts 
at each meal.

Experimental diets used in study 2 pro­
vided 12.7 g nitrogen daily, 2.0 to 6.0 g 
from rice, 6.0 to 10.0 g from a mixture of 
glycine and diammonium citrate and 0.7 
g from natural foods. The five amino acid 
supplements used in the second part of the 
experiment were fed to provide amounts of 
the particular amino acid(s) present in 
0.5 g rice nitrogen. Each supplement was 
fed to provide a total of 0.5 g nitrogen 
daily, the nitrogen content of the supple­
ments being equalized by additions of gly­
cine and diammonium citrate.

Dietary fat made up 20% of the total 
caloric intake for individual subjects in 
each study. In each case, one-half of the 
subjects received com oil as the source of 
fat and the others, butterfat. Calories were 
adjusted to maintain constant body weight 
by appropriate adjustments in dextrose and 
fat intake. Experimental diets and de­
pletion diets used in both studies also in­
cluded low nitrogen fruits and vegetables, 
vitamins and mineral supplements as de­
scribed in table 2.

Analyses. Complete collections of urine 
and feces were made throughout both stud­
ies. Total nitrogen was determined on 24- 
hour samples of urine, 5-day fecal com­
posites, rice, natural foods, amino acid

* The au thors th a n k  the  follow ing com panies fo r 
th e ir  donation  of item s used in  th is  research  project: 
Safew ay Stores, Inc., O akland, C a lifo rn ia  ( r ic e ) ; 
H ercules Pow der Com pany, Inc., H arbor Beach, M ichi­
gan  (w h ea t s ta rc h ) ; Corn P roducts Com pany, Argo, 
Illino is (co rn  o il) ;  Shasta  Beverages, San Francisco  
(non-calorie, non-protein soft d rin k s) .

TABLE 2
Data on sub jects

Subject
code Sex Nationality Height Age

Weight
Initial Final

cm years kg kg

Study  1
A M C hinese 165 25 65.9 65.5
B M A m erican 173 23 74.1 74.0
C M T u rk ish 173 31 67.5 66.8
D F C hinese 157 34 62.3 62.7
E F A m erican 183 21 78.2 78.1
F M C hinese 188 39 74.1 75.0

S tudy 2
S M A m erican 183 20 90.0 90.3
T M A m erican 185 21 87.5 86.8
W M A m erican 170 27 70.0 70.0
X F A m erican 183 22 79.0 80.4
P M A m erican 152 21 64.7 65.0
z M A m erican 160 21 96.0 97.7
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TABLE 3
M ean  n itrogen  balances o f sub jects fe d  u n su p p le m e n te d  a n d  su p p lem en ted  rice diets

S u b je c t 6 g N  ( r ic e )
6 g  N  ( r ic e )  

+
2 g N  ( N S N )  i

6 g N  ( r ic e )  

2 g N ~ (A A )  a

6 g  N  ( r ic e )

6 g  N  ( N S N )  i

A - 0 . 5 0 - 0 . 3 1
g / d a y

0 .4 0 0 .4 9
B 0 .2 9 - 0 . 3 0 0 .1 5 0 .4 7
C - 0 . 0 2 - 0 . 5 1 - 0 . 1 2 - 0 . 0 9
D 0 .3 2 0 .38 - 0 . 0 3 0.08
E - 0 . 1 4 - 0 . 2 3 0 .2 8 0 .0 0
F - 0 . 0 3 0 .1 9 0 .6 7 0 .5 2

M e a n - 0 . 0 1 - 0 . 1 3 0 .2 3 0 .2 5

1 N S N  in d ic a te s  n o n sp e c ific  n itr o g e n ; in  th is  ca se , n itr o g e n  p ro v id e d  b y  a n  iso n itro g e n o u s  m ix tu r e  
o f  g ly c in e  a n d  d ia m m o n iu m  c itra te .

2  A A  in d ic a te s  a m in o  a c id s; in  th is  ca se , th e  e s s e n tia l a m in o  a c id s  p lu s  c y st in e  a n d  ty r o s in e  as 
p re se n t in  2.0 g r ic e  n itr o g e n  p lu s  g ly c in e  a n d  d ia m m o n iu m  c itr a te  so as to  p ro v id e  2.0 g o f n itro g e n .

supplements and the glycine-diammonium 
citrate solution by the boric acid modifica­
tion of the Kjeldahl method according to 
Scales and Harrison (7).

R E S U L T S

Individual and mean nitrogen balances 
of subjects fed diets providing 6 g rice ni­
trogen and 6 g rice nitrogen supplemented 
with 2 g nonspecific nitrogen, 2 g amino 
acid nitrogen and 6 g nonspecific nitrogen 
are shown in table 3. Mean nitrogen bal­
ances achieved with the experimental diets 
were: —0.01 (6 g rice N), —0.13 (6 g 
rice N, 2 g nonspecific N), + 0.23 (6 g 
rice N, 2 g amino acid N), and + 0.25 g/ 
day (6 g rice N, 6 g nonspecific N).

While nitrogen balance tended to im­
prove when a low level of amino acid ni­
trogen or a high level of nonspecific nitro­
gen was added to a rice diet, no improve­
ment was noted when a low level of non­
specific nitrogen was used as the supple­
ment. Although the increases in nitrogen 
balance were not statistically significant, 
three of the six subjects showed a distinct 
improvement in nitrogen retention in re­
sponse to the 2 types of supplements, 2 g 
N (AA) or 6 g nonspecific N.

Nitrogen balances of individual subjects 
and the means for all subjects in study 2 
are shown in figure 1. Nitrogen retention 
improved progressively as the level of rice 
nitrogen was increased, and the total ni­
trogen intake was held constant by appro­
priate adjustments in the level of non­
specific nitrogen. Mean nitrogen balances 
were —1.13, —0.70, —0.31 and +0.45 
g/day when diets provided 2, 3, 4 and 6 g

rice nitrogen, respectively. Statistical eval­
uation indicated highly significant differ­
ences between dietary treatments, with the 
exception of the diets providing 2 and 3 g 
rice nitrogen. Individual subjects showed 
a consistent response to the various levels 
of rice in the diet.

Mean nitrogen balances for subjects in 
the second part of study 2 fed an individ­
ually determined subotpimal level of rice 
nitrogen, a high level of total nitrogen, and 
supplementary nitrogen from one or more 
amino acids in amounts present in 0.5 g 
rice nitrogen were: —0.38 (unsupple-

Fig. 1 Nitrogen balances of subjects fed  d if­
ferent am ounts of rice.
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TABLE 4
E ffe c t o f su p p lem en tin g  inadequate  rice d iets w ith  selected  p urified  a m in o  acids on  

nitrogen  balances o f a d u lt m e n

Subject
U nsupple­

m ented  
rice 2

M ean N balances 1 of m en  fed 
rice supplem ented  3 w ith

AA Lysine Threonine Threonine 
+  lysine

M ethionine 
+  cystine

g / d a y g / d a y g / d a y g / d a y g / d a y g / d a ys - 0 . 3 5 - 0 . 1 1 0.19 - 0 . 2 6 - 0 . 0 4 - 0 . 1 5
T - 0 . 4 8 - 0 . 0 4 0.20 - 0 . 8 1 0.30 - 0 . 1 5
W - 0 . 0 3 0 .50 0.43 0.04 0.35 0.36
X - 0 . 4 3 - 0 . 1 0 - 0 . 4 1 - 0 . 6 6 0 .10 - 0 . 4 3
p - 0 . 3 0 0.45 0.23 - 0 . 0 3 0.70 0.71z - 0 . 6 8 0 .20 0 .16 - 0 . 2 1 0.15 - 0 . 5 1

M e a n - 0 . 3 8 0.15 0.14 - 0 . 3 2 0.26 - 0 . 0 3

1 M ean of the  5 values fo r each of the 5 days com posing each experim enta l period.
2 Level of rice  n itrogen  ind iv idualized  to produce a slightly  negative n itrogen  balance  (2.5 to 5.0 g 

rice n itro g en ).
3 Purified am ino acid  supplem ents were fed  in  the  am ounts an d  proportions as p resen t in  0.5 g 

rice n itrogen . AA ind ica tes the  e ight essen tia l am ino acids p lus cystine an d  tyrosine.

mented diet), +0.15 (10 amino acids), 
+ 0.14 (lysine), —0.32 (threonine), + 0.26 
(lysine and threonine), and — 0.03 g/day 
(methionine and cystine) as shown in 
table 4. All of the amino acid supple­
ments, except threonine, improved nitro­
gen balance significantly over that ob­
served with the unsupplemented diet. 
Nitrogen retention was improved by adding 
lysine-containing supplements to the rice 
(P < 0.01) and by adding methionine and 
cystine (P < 0.05). However, nitrogen re­
tention was significantly higher in response 
to the lysine-threonine than to the methio­
nine-cystine supplement. The results sug­
gest that lysine is the first-limiting essen­
tial amino acid in rice protein for the 
support of nitrogen balance in adult hu­
man subjects.

DISCUSSION

Attempts to delineate the effect of kind 
and amount of dietary nitrogen on the 
nitrogen balance response of subjects fed 
diets providing protein primarily from rice 
may be compared with similar studies us­
ing com as the dietary protein (8, 9). 
That rice may be a more adequate source 
of protein than corn is indicated by a com­
parison of the mean nitrogen balances of 
subjects fed 6 g nitrogen from either of 
these cereal proteins, — 0.50 g/day (corn) 
versus — 0.01 g/day (rice). At this level 
of nitrogen intake, rice contains larger 
quantities of both lysine and tryptophan 
than com, which probably explains the 
somewhat higher nitrogen retention ob­
served when rice was the source of protein.

Although small additions of nitrogen 
from either amino acids or nonspecific ni­
trogen sources brought about a marked 
improvement in nitrogen balance of sub­
jects fed the corn diets, nitrogen balances 
of subjects fed rice was increased to a 
smaller extent and the improvement oc­
curred only when small amounts of amino 
acid nitrogen or large amounts of non­
specific nitrogen were used as supple­
ments.

Kies et al. (9) demonstrated that nitro­
gen balances of subjects fed suboptimal 
amounts of corn protein increased progres­
sively as the level of nonspecific dietary 
nitrogen was increased. In attempting to 
explain the improvement in nitrogen bal­
ance induced by feeding high levels of non­
specific nitrogen, these workers speculated 
that nonessential nitrogen may enhance 
the absorption of essential amino acids
(10). Applying this line of reasoning to 
data from the present study would offer a 
reasonable explanation for the similar ef­
fects on nitrogen retention observed when 
small amounts of amino acid nitrogen or 
large amounts of nonspecific nitrogen were 
added to the rice diet.

Although the results of the first study 
indicated that nitrogen balance was not 
improved with low level nonspecific nitro­
gen supplementation, the results of the sec­
ond study demonstrated that with a high 
level of nonspecific nitrogen supplementa­
tion, the amount of rice needed to support 
nitrogen equilibrium could be lowered ap­
preciably. This is in agreement with the
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observations of Synderman et al. (6) and 
Kies et al. (8) that nitrogen is more limit­
ing than essential amino acids when a 
single source of food is used to supply the 
nitrogenous needs of growing children or 
adult men. This observation implies that 
the quantities of essential amino acids 
needed by humans is dependent, at least 
in part, on the total nitrogen content of 
the diet. This may be an important con­
sideration in interpreting the amino acid 
requirements of humans as determined by 
various investigators. Thus, Snyderman et 
al. (6) have suggested that the require­
ments for men as determined by Rose 
tend to be minimal since large amounts 
of nonessential nitrogen were fed, whereas 
the infant requirements determined by 
Snyderman and others (11) tend to be 
maximal since the diet provided amino 
acids in the milk pattern and no supple­
mentary sources of nonspecific nitrogen.

Systematic reduction in essential amino 
acid content of the diet while maintaining 
total nitrogen constant at a high level ap­
pears to be a satisfactory method for dem­
onstrating a need for the most limiting 
amino acid. Subsequent supplementation 
of the diet with possible limiting essential 
amino acids showed a clear-cut differen­
tiation in response favoring lysine as the 
first-limiting essential amino acid in rice 
protein. Use of this method to study es­
sential amino acid limitations in corn pro­
tein also gave definitive results (10). The 
corn and rice studies conducted in this 
laboratory plus the work of Synderman et 
al. (6) with milk protein represent the 
only attempts to measure essential amino

acid limitations of food proteins in this 
manner.
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Plasma Lipids in Maternal and Fetal Rabbits Fed Stock 
and Peanut Oil-Cholesterol Diets 1,2
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ABSTRACT In  2 groups of p re g n an t rab b its , one fed  a  stock  d iet an d  th e  o ther 
fed  a p e a n u t oil-cholesterol d iet, th e  m a te rn a l an d  fe ta l  p lasm a  levels o f phospho­
lip ids, trig lycerides, este r a n d  free  cho lestero l w ere  de term ined . T he re la tiv e  
percen tag e  of fa tty  acid  com position  of th e  phospholip id , nonesterified  fa tty  acid, 
trig lyceride  a n d  cholestero l este r frac tio n s  w ere also stud ied . T he changes in  m a te rn a l 
p lasm a  lip id  levels a n d  fa tty  acid  com position  co rre la ted  w ell w ith  th e  am o u n t of 
f a t  a n d  th e  fa tty  acid  com position  of th e  d ie ts consum ed  by th e  2  groups. T he only 
s ign ifican t ch an g e  in  th e  level o f these  p lasm a  lip ids in  th e  fe tu s  of th e  2 groups 
w as a  sm all in crease  in  the  cholestero l ester level of th e  fa t-cho lestero l d ie t group. 
T here  w ere severa l a lte ra tio n s  in  th e  fa tty  acid  com position  of th e  fe ta l  p lasm a  
lip id s betw een  th e  tw o d ie ta ry  groups. N early  one h a lf  of these  w ere co rre la ted  
w ith  changes in  th e  d iets consum ed  by  th e  m a te rn a l rabb its. C hanges in  fe ta l  p lasm a  
fa tty  acid  com position  th a t  co rre la ted  w ith  the  d iets consum ed  w ere a t lea s t p a rtly  
ex p la in ed  on a p lac en ta l tran sp o rt basis. T he ch an g es in  fe ta l fa tty  acid  com position  
th a t  w ere  n o t co rre la ted  w ith  the  d ie t w ere  p robab ly  due to in d ire c t d ietary-induced  
changes in  fe ta l lip id  m etabo lism , possib ly  th ro u g h  m u ltip le  step pathw ays.

The effect of high fat- and cholesterol- 
containing diets on the plasma lipids in 
the nonpregnant rabbit has been studied 
by several investigators (1 ,2) but the ef­
fect of fat and cholesterol feeding during 
pregnancy on maternal and fetal plasma 
lipids has not been so thoroughly in­
vestigated. By feeding a diet supple­
mented with approximately 1 g/day of 
cholesterol to pregnant rabbits Popjak (3) 
was able to obtain marked increases in 
maternal plasma lipids; however, he 
stated that it was impossible to influence 
fetal plasma lipid values, except to a very 
limited extent, by cholesterol feeding of 
the mothers. In his study Popjak (3) 
measured total fatty acids, nonphospho­
lipid fatty acids, neutral fat, phospho­
lipids, free and total cholesterol.

The present study was conducted to 
investigate certain aspects of the placental 
transport of lipids by comparing maternal 
and fetal plasma lipid levels and fatty 
acid composition in 2 groups of rabbits 
fed diets differing in amounts of fat, 
cholesterol, and fatty acid composition. 
The levels of phospholipid, triglyceride, 
cholesterol ester and free cholesterol was 
measured in the plasma of maternal and 
fetal rabbits. The relative percentages of 
fatty acids were determined in the phos­

pholipid, nonesterified fatty acid, triglyc­
eride and cholesterol ester fractions of 
the maternal and fetal plasma by thin- 
layer and gas-phase chromatography.

MATERIALS AND METHODS
New Zealand white rabbits of 20 days’ 

gestation weighing 3500 to 4500 g were 
obtained from a commercial source. The 
animals were divided into 2 groups and 
fed stock and experimental fat-cholesterol 
diets ad libitum as shown in table 1, 
with daily weighing of uneaten diet to 
determine the amount of diet eaten. The 
animals were fed the diets for 8 days 
beginning on day 20 of gestation. On day 
28 of gestation they were anesthetized 
with pentobarbital (35 mg/kg) and the 
fetuses were delivered by opening the 
uterus. The fetal blood was obtained from 
the heart with siliconized needles at­
tached to Tygon tubing; approximately 
1 to 2 ml of blood were obtained from 
each fetus. All the fetal blood from the 
fetuses of each maternal rabbit was pooled 
to get enough fetal blood to carry out all 
analyses. Maternal blood was obtained * 1 2

Received fo r p ub lica tion  February  21, 1967.
1 T his investigation  w as supported  by Public H ealth  

Service R esearch  G ran t no. HD-1462 from  the  N ational 
In stitu te  of C hild H ealth  an d  H um an Developm ent.

2 P resented  in  p a r t  a t  th e  A nnual M eeting of the  
A m erican  In stitu te  o f N u tritio n , Chicago, 1967.
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TABLE 1
C om position  o f sem ipurified  portion  o f fat- 

cholesterol a n d  stock  d i e t 1

Stock
diet

Fat-
cholesterol

diet

P e a n u t  o il
% b y  w t  

2.0
% b y  w t  

20
( T o ta l  f a t  a f te r  m ix in g  

w ith  p e lle ts  2) ( 2 .5 )  3 (1 1 .5 )  3
C h o lin e  ch lo r id e 0.5 0.5
C h o le s te ro l — 2.0
(C h o le s te ro l a f te r

m ix in g  w ith  p e lle ts  2) 
C a se in 18.0

( 1 .0 )  3 
18.0

S a lt  m ix  4 6 .0 6.0
V ita m in  m ix  5 4 .0 4 .0
S u cro se 51.5 10.0
C e llu lo se  6 18.0 39 .5

R e la tiv e  p e rc e n ta g e  o f  f a t ty  a c id  c o m p o s itio n  o f  
lo w  f a t  s to c k  d ie t  a n d  fa t-c h o le s te ro l e x p e r i­
m e n ta l  d ie t  a f te r  m ix in g  w ith  p e lle ts

14:0 16:0 16:1 18:0 18:1 18:2 COcor-i 20 :4

S tock
d ie t  tr 16.6 2 .2 3.0 34.0 35.0 7.9 t r

F  at-cho-
le s te ro l 
d ie t  t r 13.2 0 .48

qCO 45 .3 35.3 1.8 tr

1 The sem ipurified portions w ere m ixed w ith  an  
equal w eigh t of P u rin a  R abbit Chow pellets (Lot 
# 5 3 0 1 , see footnote 2 ). On analysis fo r lip ids in  our 
laboratory  th e  ra tio n  con ta ined  3.08% to ta l fa t  and 
no  cholesterol, th u s  the  final stock d iet fed  con tained  
2.5% fa t  an d  no cholesterol an d  th e  final fat-choles­
tero l d iet fed  con ta ined  11.5% fa t  and  1% cholesterol. 
The caloric value of the  2 diets per g ram  w as approxi­
m ately  the same.

2 P u rin a  R abbit Chow Checkers, R alston  P u rin a
C om pany, St. Louis. C ontents sta ted  by m an u fac tu re r  
on label: G uaranteed  analysis: crude p ro te in  no t less 
th a n  15.0% , crude f a t  no t less th a n  2.0% , crude fiber 
n o t m ore th a n  18.0% . Ingred ien ts: a lfa lfa  m eal,
ground barley, e thoxyquin , w heat m iddlings, soybean 
m eal, cane  m olasses, v itam in  B12 supp lem ent; D- 
ac tiva ted  an im al sterol; v itam in  E supplem ent; 0.2% 
calc ium  carbonate ; 1.5% defluorinated  phosphate; 
0.1% m ono-sodium  phosphate; 0.25% iodized salt, 
and  traces of iro n  oxide, m anganese su lphate , m an ­
ganous oxide, copper oxide, cobalt carbonate, zinc 
oxide.

3 The figures in  paren theses are the  concen tra tion  of 
key ingred ien ts in  the  final d iet fed  a fte r  m ix ing  
sem ipurified portion  w ith  pellets.

4 W esson, L. G. Science, 75; 339, 1932; obtained 
from  N u tritio n a l B iochem icals Corporation, Cleveland.

5 V itam in  d iet fortification  m ix tu re  h a d  th e  follow­
in g  com position per 100 g of sem ipurified portion  of 
d iet: ( in  g ram s) v itam in  A cone (200,000 u n i ts /g ) ,  
0.018; v itam in  D cone (400,000 u n i ts /g ) ,  0.001; o- 
tocopherol, 0.020; ascorbic acid, 0.180; inositol, 0.020; 
m enadione, 0.009; p-am inobenzoic acid, 0.020; n iac in , 
0.018; pyridoxine • HC1, 0.004; th iam ine-H C l, 0.012; 
dextrose ( tr itu ra te d ) , 3.69; ( in  m illig ram s): b iotin , 
0.080; folic acid, 0.360; an d  v itam in  B12, 0.0054; ob­
ta ined  from  N u tritio n a l B iochem icals Corporation.

6 A lphacel, n o n n u tritiv e  bulk , o tbained from  N u ­
tr itio n a l B iochem icals Corporation.

from the abdominal aorta with tubing 
and needles similar to those used to ob­
tain fetal blood. Both maternal and fetal 
blood were mixed immediately with 1/9

volume of 1% sodium oxalate to prevent 
coagulation. The blood was immediately 
refrigerated and centrifuged at 900 X g 
at 4° for 30 minutes to separate cells and 
plasma. The blood plasma samples were 
then placed in screw-cap vials with Teflon- 
lined caps and stored in liquid nitrogen 
until analyzed.

For analysis plasma samples were ex­
tracted by the method of Folch (4) using 
2:1 chloroform-methanol at 20 times the 
volume of the plasma to be extracted. 
After one hour the samples were layered 
with 0.2 volume of 0.9% sodium chloride 
and allowed to stand overnight at 4°. 
Lipid phosphorus was determined by the 
method of Bartlett (5). Triglycerides were 
determined by the method of VanHandel 
and Zilversmit (6). Total cholesterol was 
determined by the Leffler (7) method. 
The cholesterol esters were determined by 
the Leffler method after digitonin pre­
cipitation and extraction with hexane by 
the Webster method (8). All chemical 
determinations were made in duplicate.

The fatty acid composition of the four 
major lipid fractions was determined by 
evaporating the chloroform-methanol ex­
tract of 1 to 2 ml of plasma under reduced 
pressure using a rotary evaporator, then 
taking it up in 1.0 ml of chloroform- 
methanol. This chloroform-methanol ex­
tract was applied with a Radin Pellick 
streaker3 to a 20X20 cm glass plate 
coated with Adsorbosil 1 4 275-m thick 
previously activated at 110° for 2 hours. 
These plates were developed by ascending 
chromatography using 80:20:2 hexane: 
ethyl ether: glacial acetic acid. Running 
time was about 40 minutes. The solvent 
was evaporated from the plates and they 
were sprayed with 2,7-dichlorofluorescein 
to mark the lipid bands. The lipid bands 
were scraped from the plate and placed 
in screw-cap vials with Teflon-lined caps. 
Methylation was carried out by adding
5.0 ml of methanol to each vial; then 
adding 0.4 ml of concentrated sulfuric 
acid. The vials were then refluxed at 65° 
for 2 hours with occasional agitation. 
After methylation. the methyl esters were 
extracted into hexane and analyzed on

3 O btained from  Applied Science L aboratories, S tate 
College, Pennsylvania .

4 See footnote 3.
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a Barber-Colman Model 10 gas-phase 
chromatograph. The gas-phase chroma­
tography machines were checked each 
morning with a standard methyl ester 
mixture.5 Quantitative results agreed 
with stated composition data with a rel­
ative error of less than 4% for major 
components (greater than 7% of total 
mixture) and less than 7% for minor 
components (less than 7% of total mix­
ture). Student’s t test was used for the 
analysis of results with P < 0.05 being 
regarded as statistically significant.

RESULTS

The rabbits fed the stock diet ate an 
average of 65 g daily and the rabbits fed 
the fat-cholesterol diet, an average of 116 
g daily. Thus the latter consumed about 
twice as many calories since the caloric 
content per gram of the 2 diets was ap­
proximately the same. The rabbits in the 
stock group gained an average of 24 g 
and those fed the fat-cholesterol diet, an 
average of 115 g.

The mean levels of plasma phospho­
lipids, triglycerides, free and ester cho­
lesterol of 11 maternal rabbits fed stock 
diet and 14 maternal rabbits fed fat- 
cholesterol and their fetuses are shown 
in table 2. The fetal plasma levels of all 
lipid classes in both stock and fat-choles­
terol diet groups were higher than the 
maternal plasma levels. There were 
significant increases in the maternal 
plasma levels of phospholipids and free 
and ester cholesterol in the group fed 
fat-cholesterol when compared with the

stock-fed group. The fetal plasma level 
of ester cholesterol was significantly in­
creased in the group fed fat-cholesterol 
when compared with the stock-fed group.

Nonesterified fatty acids. Table 3 
shows the mean relative percentage of 
fatty acid composition of the nonesteri­
fied fatty acid fraction of maternal and 
fetal plasma in the groups fed stock and 
fat-cholesterol diets. The only significant 
effect of the fat-cholesterol diet on the 
fatty acid composition of the nonesteri­
fied fatty acid fraction was an increase 
in the mean fetal plasma stearic acid 
from 6.9 in the stock group to 9.4 in the 
group fed fat-cholesterol.

Cholesterol esters. The mean relative 
percentage of fatty acid composition of 
the cholesterol esters of the plasma of 
maternal and fetal rabbits fed stock and 
fat-cholesterol diets is shown in table 4. 
The mean cholesterol palmitoleate level 
was significantly and approximately 
equally decreased in both maternal and 
fetal rabbit plasma of the group fed fat- 
cholesterol when compared with the levels 
in the stock-fed group. In the maternal 
plasma the mean palmitoleic decreased 
from 6.5 in the stock group to 3.9 in the 
fat-cholesterol group. In the fetal plasma 
it decreased from 10.6 in the stock group 
to 7.0 in the fat-cholesterol group. The 
mean relative percentage of cholesterol 
linoleate in the fetal plasma also decreased 
significantly to 20.9 in the group fed 
fat-cholesterol from 27.0 in the stock 
group.

s See footnote 3.

TABLE 2
M ean  p la sm a  lip id  va lues o f rabbits fe d  s tock  a n d  fa t-cholesterol d iets a n d  o f th e ir  fe tu se s

a t 28 days9 gesta tion

No./group Phospholipids Triglycerides
Cholesterol

Ester Free

mg/100 m l m E q/liter m g/100 m l m g/100 m l
M atern a l

Stock i l 1.1 ± 0 .4  i 2.0 ± 0 .7 8.9 ±  6.0 4.2 ±  2.6
Fat-cholestero l 14 2.2 2± 0 .7 1 .9 ± 0 .7 38.7 2± 2 1 .2 10.9 2±  4.9

F eta l
Stock 11 5.7 ± 1 .6 4.5 ± 1 .4 55.8 ± 1 1 .7 37.8 ± 1 3 .6
Fat-cholestero l 10 6.1 ± 0 .9 4.2 ± 1 .8 71.0 3±  8.1 39.5 ±  9.4

1 M ean ±  s d .
2 Significantly  d ifferent from  stock value, P <  0.001.
3 Significantly d ifferent from  stock value, P <  0.005.
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There was an increase in cholesterol 
palmitate in the fetal plasma of the fat- 
cholesterol group (31.0 vs. 24.0) com­
pared with the stock-fed group and an 
increase in cholesterol oleate in the ma­
ternal plasma of the fat-cholesterol group 
(39.2 vs. 14.2) when compared with the 
stock-fed group.

Phospholipids. Table 5 shows the 
mean relative percentage of fatty acid 
composition of the plasma phospholipids 
in fetal and maternal rabbits fed stock 
and fat-cholesterol diets. In this fraction 
the mean relative percentage of arachi- 
donic acid in the fat-cholesterol group fetal 
plasma was significantly lower (8.8) than 
the stock group fetal plasma (15.0).

Triglycerides. The mean relative per­
centage of fatty acid composition of the 
triglyceride fraction of material and fetal 
plasma lipids is shown in table 6.

In this lipid fraction there was a signifi­
cant decrease in the fetal plasma triglyc­
eride palmitoleate and an increase in the 
oleate and linoleate. The mean fetal 
plasma triglyceride palmitoleate decreased 
from 7.6 in the stock-fed group to 4.6 in 
the fat-cholesterol group. The mean fetal 
plasma triglyceride oleate increased from
24.4 in the stock group to 32.2 in the 
fat-cholesterol group. The mean fetal 
plasma triglyceride linoleate increased 
from 20.0 in the stock group to 24.2 in the 
fat-cholesterol group.

DISCUSSION

This study was carried out to investi­
gate certain aspects of placental trans­
port of lipids, as indicated by the extent 
to which maternal and fetal plasma lipid 
levels and their fatty acid composition 
could be affected by feeding pregnant 
rabbits diets differing in fatty acid com­
position and in amount of fat and choles­
terol. An 8-day period of feeding the diet 
was felt to be adequate to develop ma­
ternal hypercholesterolemia, since it has 
been shown that in the rabbit the level of 
plasma lipids rises rapidly upon choles­
terol administration. For example, in nor­
mal, nonpregnant rabbits an increase in 
total cholesterol from 72 m g/100 ml to 
265 m g/100 ml in 48 hours after the 
administration of a single 1-g dose of 
cholesterol in water has been observed
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(1). It has been shown that the levels of 
total cholesterol in nonpregnant rabbits 
can be raised from the normal range of 
50 mg/100 ml to over 1000 mg/100 ml 
by feeding 1 g/day of cholesterol for 8 
days (1, 2). In Popjak’s study of pregnant 
rabbits he fed approximately 1 g/day of 
cholesterol from the eighth to the twenty- 
eighth day of pregnancy (3). By this 
method he was able to raise the total 
maternal plasma cholesterol from a mean 
of 15 mg/100 ml in his stock group to 
109 mg/100 ml in his cholesterol-fed 
group. The mean total fetal plasma cho­
lesterol in his study was raised from 110 
mg/100 ml in the noncholesterol-fed to 
144 mg/100 ml in his cholesterol-fed 
group.

The results of the portion of our study 
dealing with the effects of a fat-choles­
terol diet on the levels of the plasma lipids 
in maternal and fetal rabbits confirm the 
observations of Popjak (3) that fetal lipid 
levels are not affected nearly as markedly 
as the maternal plasma lipids by feeding 
a fat-cholesterol diet to the maternal 
rabbit.

In addition to confirming the results of 
Popjak (3) and others (9), our study ex­
tends knowledge in this area of lipid 
metabolism and transport, provides new 
information on changes in levels and fatty 
acid composition of maternal and fetal 
plasma lipids and relates these changes 
to the amount of fat and fatty acid com­
position of the diets eaten.

The changes in the levels and fatty 
acid composition of the maternal plasma 
lipid fractions between the fat-cholesterol 
and stock diet groups correlate well with 
the amount of fat and the fatty acid 
composition of the 2 diets (table 1). The 
decreased maternal plasma cholesterol 
palmitoleate correlates with the decreased 
relative percentage of palmitoleate from
2.2 in the stock diet to 0.48 in the fat- 
cholesterol diet. This decrease in relative 
percentage of palmitoleate in the fat- 
cholesterol diet is due to the lack of pal­
mitoleate in the peanut oil which supplied 
a larger amount of the fat in the fat-cho­
lesterol diet than in the stock diet. The 
increased relative percentage of choles­
terol oleate in the maternal plasma also 
correlates with the difference in the rel­
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ative percentage of oleate in the 2 diets. 
The relative percentage of oleate in the 
fat-cholesterol diet is 45 as compared 
with 34 in the stock diet. The increases 
in maternal plasma levels of phospho­
lipids, ester and free cholesterol in the 
group fed fat-cholesterol correlate with 
and are probably explained by the higher 
total amount of fat in this diet when com­
pared with the stock diet.

In contrast with the good correlation of 
maternal plasma lipid levels and fatty 
acid composition with the amounts and 
fatty acid composition of the diet, there 
is poorer correlation of changes in fetal 
plasma lipid levels and fatty acid com­
position with dietary changes. The dif­
ference in response to dietary lipid 
alteration between maternal and fetal 
plasma lipids is likely due at least in part 
to the ability of the placenta to maintain 
the fetal plasma lipid levels and fatty 
composition at values relatively indepen­
dent of those of the maternal plasma 
lipids.

The small but significant increase in 
fetal plasma cholesterol ester level in the 
fat-cholesterol group compared with the 
stock group correlates with the marked 
increase in maternal plasma cholesterol 
ester level. However, the increased fetal 
plasma cholesterol esters may not he 
causally related to the increased maternal 
plasma cholesterol esters, since the pla­
centa is apparently only slightly perme­
able to cholesterol. In the human it has 
been shown that near term only about 1 % 
of tritiated cholesterol crosses the pla­
centa, whereas 14C-acetate readily crosses 
the placenta and rapidly appears in the 
fetal plasma cholesterol (10). This is evi­
dence that nearly all fetal cholesterol is 
formed de novo by the fetus from simple 
precursors and not obtained intact from 
the mother via the placenta.

In the rabbit it is possible that a small 
amount of preformed cholesterol does get 
across the placenta and that the amount 
of cholesterol crossing the placenta is suf­
ficiently increased in the group fed fat- 
cholesterol to cause a rise in fetal plasma 
cholesterol ester levels. Another possible 
explanation for the increased fetal plasma 
cholesterol esters is an alteration in fetal 
metabolism of cholesterol esters resulting

in a net increase in fetal plasma choles­
terol ester levels.

Since the placenta has been shown to 
be nearly impermeable to phospholipids, 
it is not unexpected that there is no change 
in fetal plasma phospholipid levels des­
pite changes in maternal plasma phospho­
lipid levels. Pop.jak (11) found that 32P- 
labeled phospholipids did not cross the 
placenta, but that inorganic 32P was 
rapidly incorporated into fetal phospho­
lipids. When 32P-labeled phospholipids 
were given to the maternal rabbit there 
was very little radioactivity in the fetal 
phospholipids; however, there was greater 
specific activity in the placenta than when 
inorganic 32P was given, indicating that 
the placenta apparently traps phospho­
lipids and keeps them from crossing into 
the fetal blood.

In fetal plasma lipids there are eight 
significant changes in the relative per­
centage of fatty acid composition between 
the groups fed the stock and fat-choles­
terol diets; three of these correlate directly 
with changes in the relative percentage of 
fatty acid composition of the 2 diets. Those 
that correlate with the dietary changes are 
the decreased cholesterol and triglyceride 
palmitoleate and the increased triglyceride 
oleate. The remainder of the changes in 
fetal plasma fatty acid composition do 
not appear to be associated directly with 
changes in dietary or maternal plasma 
fatty acid composition. These non-corre- 
lated changes are: increased nonesterified 
stearic acid, cholesterol palmitate, tri­
glyceride linoleate, and decreased cho­
lesterol linoleate and phospholipid arachi- 
donate.

The mechanisms for the changes in 
fetal plasma lipid levels and plasma lipid 
fatty acid composition were not elucidated 
by this study. However, from our results 
and studies by others of placental transport 
and lipid metabolism during pregnancy 
some tentative conclusions can be drawn. 
There are two basic mechanisms by which 
the fetus can obtain its plasma lipids; 
the first is by transporting them intact 
across the placenta from the maternal 
plasma; the second is by synthesis of fetal 
plasma lipids de novo from simple pre­
cursors such as acetate and inorganic 
phosphorus. Both of these mechanisms
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have been shown to play some role in 
providing fetal plasma lipids. As stated 
above, cholesterol is mostly synthesized 
de novo by the fetus; however, a small 
amount has been shown to be transported 
intact across the placenta (10).

There is some evidence that triglycerides 
cross the placenta in a manner similar to 
that noted in the gastrointestinal tract
(12). This evidence is based on electron 
microscopic evidence of fat vacuoles in 
the syncytium after incubating placental 
tissue with sesame oil. However, these 
vacuoles have not been observed to pass 
through the basement membrane of the 
syncytium. Free fatty acids such as 1-14C- 
palmitate (13) and l-14C-linoleate6 have 
been shown to rapidly cross the placenta 
and are quickly incorporated into fetal 
lipids.

Apparently, the fetus derives most of its 
lipids by de novo synthesis from simple 
precursors obtained from the maternal 
plasma; however, to a small and possibly 
important extent some are transported as 
preformed lipids especially in the case of 
essential fatty acids such as linoleate. The 
level and relative percentages of fatty 
acids in the fetal plasma are probably 
regulated by a combination of 3 factors: 
1) the rate of transport across the pla­
centa; 2) the rate of synthesis of the lipid 
by the fetus; and 3) the rate of degra­
dation or utilization of these lipids by the 
fetus. Without the use of radioactive tracer 
it is not possible to determine the contri­
bution each of these mechanisms makes 
to the levels and fatty acid composition of 
the fetal plasma lipids. Decreased relative 
percentage of palmitoleate and the in­
creased oleate in the triglyceride fraction 
of the fetal plasma indicate that triglyc­
erides may be transported across the 
placenta because of the correlation of 
these with changes in dietary lipids. The 
changes in fatty acid composition in the 
fetal plasma lipids that are not correlated 
with dietary lipids or maternal plasma are 
more likely due to altered fetal synthesis 
or degradation, or both, than to altered 
placental transport.

Mechanisms accounting for these ap­
parent changes in fetal lipid metabolism

in response to maternal dietary changes 
are not clear. The maternal dietary alter­
ations evidently produce changes in fetal 
metabolism through indirect multiple-step 
pathways in addition to changes that may 
be produced by direct transport of dietary 
material across the placenta.
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Vitamin BI2/ Choline and Related Substances in 
Dietary Hepatic Injury in Rats * 1
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A B ST R A C T  C holine and , to a n  even g rea ter ex ten t, m eth io n in e , w ere m u ch  less 
effective in  p rev en tin g  fa tty  in filtra tio n  of th e  liver in  ra ts  w h en  given pair-fed  as 
sep ara te  su p p lem en ts th a n  w h en  m ixed  w ith  th e  b asa l hypolipotropic d ie t; th e  b asa l 
d ie t co n ta in ed  a  m ix tu re  o f m eth an o l-ex trac ted  p e a n u t m ea l a n d  case in , or p e a n u t m ea l 
a lone, as source of p ro te in , w ith  w h ich  young  an im a ls  show ed sa tis fac to ry  in it ia l  gain  
in  w eigh t. T hese  observations app lied  also to  w e igh t gain , food efficiency ra tio  an d  
re la tiv e  liver w eight. T he reduced  beneficia l effect o f m eth io n in e  given as sep ara te  
su p p lem en t ex ten d s also to ceroid  fo rm atio n  an d  fibrosis. T he d ifferences w ere less 
m ark ed  w ith  v ita m in  B 12 a n d  becam e a p p a re n t only w h en  v ita m in  B12 w as given as a 
sep ara te  su p p lem en t to  th e  ra tio n  co n ta in in g  th e  ex trac ted  p e a n u t m ea l alone as source 
of p ro te in . V itam in  B 12 w as com parab le  to cho line  in  p rev en tin g  fibrosis, b u t i ts  lipo ­
trop ic  effect w as w eaker th a n  th a t  o f cho line  or m e th io n in e  (m ix ed  w ith  th e  d ie t) .  
W ith  th e  b asa l hypolipotropic  ra tio n  co n ta in in g  case in  a n d  ex trac ted  p e a n u t m eal, 
v ita m in  B 12 p rom oted  grow th, reduced  th e  liver f a t  an d  p reven ted  c irrhosis , even in  the  
absence  of fo lic  acid. A nem ia  observed in  ra ts  fed  th e  b asa l hypolipotropic  d ie t w as no t 
p rev en ted  by hom ocystine , b u t w as su b s tan tia lly  im proved  by cho line , m e th io n in e  and 
v ita m in  B «  a n d  to a som ew hat less ex te n t by cystine . V itam in  B12 s tim u la ted  grow th 
even  in  an im a ls  receiv ing  m eth io n in e , o r hom ocystine  an d  cystine  in  add ition  to 
cho line . T he re la tiv e  liv e r w eigh t w as, in  genera l, low est in  groups receiv ing  v ita ­
m in  B 12, in  sp ite  o f h ig h er f a t  co n ten t of th e  liver. T he conclusion  ap p ears to be w a r­
ra n te d  th a t  v ita m in  B12 ac ts n o t only by  sp a rin g  lipotropic facto rs, or e n h an c in g  th e ir  
syn thesis, b u t also th ro u g h  o th er m ech an ism s.

In previous studies (1-3) the dietary 
factors effective in the prevention and 
treatment of experimental dietary cirrho­
sis in rats have been identified as lipotro­
pic agents such as choline and its pre­
cursor, methionine. Proteins rich in meth­
ionine will act as lipotropic factors. Vita­
min B12 has also been found to exert a lipo­
tropic effect which, however, was weaker 
than that of choline or methionine (4-9). 
Vitamin Bi2 when combined with folic 
acid has a greater sparing effect on cho­
line and its precursors (5, 6). As a lipo­
tropic factor, vitamin Bi2 should also pre­
vent dietary cirrhosis in rats. This assump­
tion has been confirmed (4, 7). However, 
the effect of vitamin B12, even when given 
together with folic acid as a supplement 
to a hypolipotropic diet low in protein, was 
found to be irregular (10, 11). The major­
ity of the authors quoted assumed that 
vitamin B12 and folic acid participate in 
the synthesis of choline, reduce the re­
quirement for choline and enhance the

utilization of methionine and dimethy- 
lethanolamine. With a protein-free amino 
acid diet in which homocystine (or better 
homocysteine) replaced methionine (and 
cystine), addition of vitamin B12 in the 
presence of folic acid was found to pro­
mote growth, reduce fatty infiltration of 
the liver and partially prevent morpho­
logic changes in the liver (cirrhosis, cho- 
langiofibrosis ). These injuries were ac­
celerated and furthered by vitamin B12 de­
ficiency (12, 13).

The experiments described above which 
dealt with lipotropism were of short dura­
tion. Those concerned with fibrosis and
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related pathologic changes of the liver re­
quired, by necessity, long-term observa­
tions. Dietary test supplements (choline, 
methionine, vitamin B12, etc.) as well as 
all other vitamins were, with a few excep­
tions (1-4, 7, 12-14), mixed with the 
basal ration. Furthermore, the protein con­
tent of the rations (1-4, 7, 10, 11) or its 
equivalent in mixtures of amino acids (12,
13) was very low, not permitting satisfac­
tory growth, partly due to the low intake 
of protein, partly to that of calories. More 
recent studies (15) have confirmed the 
original observation (16) that, with pro­
tein supplied as a mixture of methanol-ex­
tracted peanut meal (30% ) and vitamin- 
test casein (6% ), good growth could be 
achieved without interfering with the pro­
duction of fatty liver and cirrhosis. With 
this diet or a slight modification of it 
(44% extracted peanut meal as sole source 
of protein) unexpected observations were 
made regarding the nutritional effect of 
supplements of choline, methionine, vit­
amin B12 and other related test supple­
ments. The following report summarizes 
the findings and offers a tentative analy­
sis of them.

EXPERIM ENTAL METHODS

Hepatic injur}7 was produced in young 
male rats of the Sprague-Dawley strain, 
with an average starting weight of 91 to 
139 g in the various experiments. In a 
given experiment the average starting 
weight was identical in all groups. The 
basal ration contained either a combina­
tion of 6% vitamin-test casein and 25% 
methanol-extracted peanut meal in ration 
EPM V or methanol-extracted peanut meal 
alone (44% ) in ration EPM VI as the 
source of protein. The protein content in 
the extracted peanut meal was 55% . Com­
position of the basal rations is given in 
table 1.

With EPM V an incomplete mixture of 
B vitamins (1-4) was given separately, 3 
times weekly, in the calculated daily 
amount of thiamine-HC1, 20 ug; riboflavin, 
25 ug; pyridoxine-HCl, 20 ug; Ca panto­
thenate, 100 ug; with added menadione, 
20 ug. Ten milligrams of niacin were 
mixed with 100 g of the diet. In ration 
EPM VI, a complete mixture of B vitamins, 
except for choline and vitamin B12 which

t a b l e  1

C om position  o f basal ra tions

Diet 
EPM V

Diet 
EPM VI

% %
E x trac ted  p e a n u t m eal 25 44
C asein  (v ita m in  te s t) 6 —
Sucrose 45 31
Salt m ix tu re , USP XIV 1 4 4
L ard 18 18
Cod liver oil 2 —
V itam ins A, E , D in  soya o i l 2 — 2
V itam in  m ix tu re __  3 1 4

1 Z inc acetate  (67.5 m g /100 g d ie t)  added to correct 
fo r its  absence in  th e  sa lt m ix ture.

2 V itam in  A, 1250 IU ; dt-a-tocopheryl acetate , 10 m g; 
v itam in  D, 180 IU ; dissolved in  2 m l soya oil.

3 An incom plete m ix tu re  o f v itam ins w as given 
separa te ly , 3 tim es w eekly p roviding p er day: ( in  
m icrog ram s) th iam in e-H  Cl, 20; riboflavin , 25; py ri­
doxine-HCl, 20; Ca pan to th en a te , 100; m enadione, 20; 
dissolved in  1 m l w ater. N iacin  w as incorpora ted  in  
the d iet, 10 m g /100 g.

4 V itam in m ix tu re  con tained : ( in  m illig ram s) th ia ­
mine-HC1, 0.5; riboflavin, 0.5; pyridoxine-H C l, 0.5; 
Ca pan to th en a te , 5; n iac in , 8; p-am inobenzoic acid, 
100; folic acid, 0.025; bio tin , 0.02; ascorbic acid, 10; 
m enadione, 0.5; inositol, 100; an d  sucrose to m ake 1 g.

were to be used as test substances, was 
mixed with the diet.

In the first experiments to be discussed, 
the test substances were fed separately, 
with a daily dose of: vitamin B,*, 1 ug; cho­
line chloride, 25 mg; methionine, 25 mg. 
In later experiments, supplements were 
mixed with the diet in such concentration 
as to give, per 100 g diet: vitamin B12, 5 or 
10 ug; choline chloride, 0.13 or 0.24 g; 
DL-methionine, 0.3 or 0.6 g; DL-homocys- 
tine, 0.69 or 1.38 g (equimolar with meth­
ionine); cystine. 0.49 g (equimolar with 
0.3 g of methionine); and dimethylethanol- 
amine, 0.085 g (equimolar with 0.13 g 
choline ).

To avoid fatal cortical hemorrhagic ne­
crosis of the kidneys, rats in the groups 
without supplements of choline, methion­
ine or vitamin B,z received 10 mg of cho­
line per day for the first 2 weeks of the 
experiment.

Feeding (with measured daily intake) 
was ad libitum except when specifically 
mentioned. Rats were kept in single cages, 
with raised wire bottoms. The duration of 
the experiments was, in general, 140 days. 
At the end of the experiment the rats were 
killed with ether and autopsied within one 
hour. Liver lipid was determined in chloro­
form-methanol extracts (17).
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RESULTS
Methionine, when fed as a supplement 

to a hypolipotropic ration with a high level 
of protein (diet EPM V), failed to protect 
against hepatic fibrosis and ceroid forma­
tion (table 2). Liver fat was higher than in 
the control group. This is in contrast with 
the regular positive findings with methion­
ine given in the same amount, but with a 
low casein diet as the basal ration (1). 
Supplements of crude liver extract and 
choline, however, resulted in complete pro­
tection against ceroid formation and fibro­
sis as in the past experiments; but choline 
in the same experiment has shown no pre­
vention of fatty infiltration of the liver. 
Vitamin BJ2 given alone by injection was 
as effective as crude liver extract even 
with respect to weight gain. Rats receiving 
choline, and especially methionine as a 
separate supplement, showed significantly 
lower weight gain and food efficiency ra­
tio (FER) than those given crude liver 
extract or vitamin Bi2, although higher 
than the control group.

Table 3 summarizes the results of a test 
of vitamin Bu in a therapeutic experiment. 
Two groups of rats were fed the basal ra­
tion (EPM V) without supplement for 12 
weeks. After this initial period, one group

received vitamin Bi2, 1 ug per day; the 
other group remained as control. After 20 
additional weeks only 3 rats in the treated 
group had more than traces of ceroid and 
fibrosis, whereas all rats in the control 
group had severe fibrosis with ceroid. The 
FER, calculated for the last 20 weeks, was 
significantly higher in the treated than in 
the control group.

The dose response relation to vitamin 
B,2 varied with the parameter studied 
(table 4). A plateau was reached for 
weight gain and FER with 0.1 ug of vita­
min Bj2* The same amount protected com­
pletely against hepatic fibrosis and forma­
tion of ceroid. Less (0.03 ug) was needed 
to bring the size of the liver (as percent­
age of total body weight) to the minimal 
value, whereas only with 0.3 ug was liver 
fat (expressed as percentage of fresh liver) 
at a normal value.

In an experiment in which the effects 
of supplements given separately and 
mixed with the diet (EPMV) were com­
pared (table 5), the earlier observation 
(table 2) that methionine, as a separate 
supplement, was ineffective in the preven­
tion of hepatic injury, was confirmed; 
mixed with the diet however, it prevented 
fatty liver, fibrosis and formation of cer-

TABLE 2
E ffec t o f lipotropic su p p lem en ts  on  w e ig h t g a in , food e ffic iency  ratio a n d  liver o f ra ts fe d  d ie t EPM  V

Group S u p p lem en t1 W t gain  2 FER 3 Total
lip id

Liver 

Ceroid 

No. of ra ts

F ibrosis 

No. of ra ts

W ith­
o u t W ith W ith ­

out W ith

1 N o n e
9

107 ±  12.6  4

g g a i n / 1 0 0  g 
f o o d

8 .0 ±  0 .6  5

%

19.1 ± 2 .4 5 0 10 0 10

2 V ita m in  B i2, 
1 .0  /¿ g /d a y 311 ±  9 .5 16.8 ± 0 .2 8 .0  ± 0 .9 6 10 0 10 0

3 C ru d e  liv e r  
e x tr a c t ,6 
2 0  m g /d a y 3 1 0 ±  7 .7 1 6 .0 ± 0 .3 10 0 10 0

4 C h o lin e  c h lo r id e , 
25  m g /d a y 2 2 8  ± 1 0 .9 1 2 .7 ± 0 .4  5 26 .5  ± 0 .9 8 10 0 10 0

5 M e th io n in e , 
25  m g /d a y 1 7 5 ±  12.7 1 0 .6 ± 0 .6  5 2 8 .0 ±  0 .95 0 10 3 7

1 Supplem ents given 3 tim es/w ee k  orally , except fo r v itam in  B 12 w hich  w as in jec ted  daily.
2 Average sta rtin g  w eigh t in  each  group, 91 g; d u ra tion  of experim ent, 140 days.
3 FER ind ica tes food efficiency ra tio : ga in  in  w e ig h t/100 g of food.
4 Values are average ■+• s e .
3 Highly significant difference from  group 2 ( P  <  0.01).
« BL, W ilson Com pany, Chicago; v itam in  B 12 content: 0.14 f i g / 2 0  m g BL.
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TABLE 3
T h erapeu tic  e ffe c t o f  v ita m in  B I2 in  ra ts fe d  hypolipotrcrpic d ie t (EPM V)

L iv er

Group Supplement Initial wt Wt gain FER
Ceroid 

No. of rats 

W ith. w ith

Fibrosis 
No. of rats 

With- W ith

g g a in /100 g
o f food

F irs t 12 w eeks of exp erim en t
1 N one 136 ± 2 .7  1 156 ± 7 .6 1 5 .5 ± 0 .8
2 N one 1 3 6 ±  1.7 163 ± 9 .4 15.6 ± 0 .8

Succeeding 20 w eeks of ex p erim en t
1 V itam in  Bn 2 292 ± 8 .1 1 2 0 ± 7 .0  3 5 .7 ± 0 .4  3 7 3 7 3
2 N one 299 ± 9 .2 35 ± 7 .0 1 .8 ± 0 .3 0 10 0 10

1 Average +  s e .
2 1 fig/day, injected.
3 Highly significant difference from group 2 (P < 0 .0 1 ).

oid. Methionine mixed with the diet also 
gave significantly higher weight gain and 
FER. Choline, mixed with the diet or given 
separately, caused reduction in liver fat 
concentration; however, the effect was 
significantly less in the group receiving 
choline separately. The effect of vitamin 
B12 was the same whether it was given 
mixed with the diet, by injection, or sep­
arately by mouth. The only exception was 
the significantly higher FER with vitamin 
Bia mixed with the diet compared with 
the other 2 groups. In this (table 5) and 
in the following experiment (table 6) the 
groups fed the supplements separately 
were pair-fed, with respect to the supple­
ments, with the groups receiving the sup­
plements mixed with the diet.

The difference in the effectiveness of 
supplements given separately and mixed 
with the diet was more pronounced when 
diet EPM VI replaced diet EPM V as basal 
ration (table 6). This diet contained no 
casein but only extracted peanut meal as 
the protein source, and a complete vitamin 
mixture instead of the restricted mixture of 
diet EPM V. With methionine given sep­
arately, all parameters showed greatly re­
duced effect. Even when it was mixed with 
the diet the relative liver weight and the 
liver fat concentration were significantly 
higher than observed with choline mixed 
with the diet, in contrast with the result 
with diet EPM V. Choline given separately 
was equivalent to choline in the diet only 
in prevention of ceroid and fibrosis. With

vitamin Bi2, differences were noted in liver 
weight, fiver fat concentration and hepatic 
fibrosis, all showing reduced effect with 
separate administration of the supplement; 
there were no differences in weight gain or 
FER.

Later experiments (tables 7 and 8) in­
cluded, in addition to the supplements used 
previously, cystine, homocystine and di- 
methylethanolamine, tested in various 
combinations. The basal diet was EPM VI 
and all supplements were mixed with the 
diet. The salient results may be summar­
ized as follows, a) Cystine and homocys­
tine had no preventive effect on hepatic 
injury (fatty infiltration, ceroid formation 
and fibrosis), b) Dimethylethanolamine re­
duced slightly but significantly fiver fat 
and prevented completely ceroid formation 
and fibrosis, c) Vitamin Bn protected the 
fiver against the formation of ceroid and 
fibrosis. Its lipotropic effect, although sig­
nificant, was not as marked as that of cho­
line and methionine. However, vitamin BJ2 
synergistically increased the lipotropic ef­
fect of dimethylethanolamine and also 
that of choline given in combination with 
homocystine or cystine. Vitamin Bt2 had 
a significant effect on weight gain, espe­
cially when it was given in combination 
with cystine or homocystine and choline 
there was a marked stimulation of growth 
above that produced by those supplements 
without vitamin Bn. With vitamin Bi2 the 
fresh fiver weight expressed as percentage
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of body weight was in the range of the 
lowest values observed in any group, in 
spite of the significantly higher liver fat 
concentration, d) Cystine did not cause a 
significant increase in weight compared 
with the control groups. Homocystine and 
dimethylethanolamine were effective in 
stimulating weight gain, but less so than 
methionine, choline and vitamin B12. e) 
The lowest hematocrit values were found 
in the control groups and in those receiv­
ing homocystine. In all other groups the 
values were close to or in the normal range, 
with some reduction in the group receiv­
ing cystine.

One experiment was set up with the pur­
pose maintaining the groups of rats one 
year with a basal ration (EPMVI), a) 
without supplement; b) with 1 ug vitamin 
B12 injected; c) 25 mg choline-Cl given 
separately; or d) 25 ug folic acid given 
separately. The supplements were given 
daily. All rats in groups a and d died within 
45 weeks. Only 2 rats survived in group c 
(with choline), whereas all rats in group b  
(with vitamin B«) survived 52 weeks. One 
rat in the choline group died early from 
pneumonia, five of the remaining rats in 
this group showed fibrosis. All rats in the 
control group and in the group with folic 
acid exhibited fibrosis; none in the 10 sur­
viving rats with vitamin Bi2.

COMMENTS

Several observations reported in these 
experiments appear to require some modi­
fications of previous concepts on the nu­
tritive effect of lipotropic factors and simi­
lar compounds in growing rats.

The prevention of liver injury by cho­
line, methionine and vitamin Bi2 was first 
demonstrated (1-3) in rats receiving a hy- 
polipotropic diet low in protein (8-10% 
casein). The supplements of choline, 
methionine and vitamin Bi2 (or crude 
liver extract) were fed separately in those 
experiments. The effect extended not only 
to the reduction of liver fat but also to the 
prevention of hepatic fibrosis (cirrhosis). 
In the present studies, with the use of dif­
ferent basal hypolipotropic rations which 
were high in protein (methanol-extracted 
peanut meal, with or without casein), the 
beneficial effect of choline and particularly 
that of methionine became in several as-
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pects less pronounced — for methionine 
often was completely absent — when the 
supplements were administered separately.

A difference in the effect of choline 
mixed with the diet in the amount of 
0.24% and the same amount fed separ­
ately was evident and significant but not 
striking in its lipotropic effect when ra­
tion EPM V was used (table 5). The dif­
ference was very marked in weight gain, 
food efficiency ratio, relative liver weight 
and liver fat with EPM VI (table 6). A 
separate dose of 25 mg per day gave only 
incomplete protection: cirrhosis did not 
develop but liver fat was very high (table 
2). A level of 0.13% of choline in the diet 
gave complete protection although at this 
concentration the daily choline intake 
never reached 25 mg (18,20,21,21,23 
mg) in the five 4-week periods of the ex­
periment (table 7).

With methionine, 0.3% even when 
mixed with the diet (EPM VI), containing 
22% protein all supplied by extracted pea­
nut meal, fibrosis was prevented but not 
fatty liver (table 6). The supplement of 
methionine raised the concentration of 
this limiting factor in peanut protein to 
0.52% (18), higher than the amount rec­
ommended in the FAO amino acid pat­
tern, 0.48%. Complete protection with the 
same basal ration (EPM VI) was achieved 
only with a concentration of 0.6% (tables 
7 and 8), a level which exceeds the FAO 
pattern by a large margin. It may be as­
sumed that part of the methionine in the 
diet (19), a larger proportion of it than 
when fed as a separate supplement (20, 
21), will be used for protein formation in 
support of growth. With 0.3% methionine 
mixed with the diet EPM VI, not enough 
would be left over for methylation pro­
cesses and thus for sufficient lipotropic ef­
fect. The fact that 0.3% methionine, 
mixed with the diet EPM, which contains 
6% casein and thus a higher methionine 
level, was in every respect effective in pre­
venting hepatic injury (table 6), is in 
good accord with these considerations. But 
how then may one explain the almost com­
plete absence of any specific effect, with 
only slight increase in weight, when me­
thionine was given separately? In this case 
methionine as source of labile methyl 
groups should have been more active than

when mixed with the diet. The same ques­
tion applies also to choline. One obvious 
possibility is that choline and methionine, 
given separately, are destroyed more rap­
idly by intestinal bacteria (22, 23). A prac­
tical, clinical application suggested by 
these experiments would be the prefer­
ence of mixing supplements like choline, 
methionine and vitamin Bu with the diet 
instead of giving them, as is customary in 
medical practice, as separate supplements. 
The negative clinical results with lipotro­
pic substances in liver diseases may also 
have a close relation to the experimental 
observations here presented.

Cystine and homocystine exerted no 
lipotropic effect; dimethylethanolamine 
(alone or with homocystine) slightly only. 
However, dimethylethanolamine, but not 
cystine or homocystine, prevented forma­
tion of ceroid and fibrosis. Homocystine, 
but not cystine promoted growth signifi­
cantly and produced a better food effi­
ciency ratio. The previously expressed 
view that cystine aggravates choline defi­
ciency due to higher food intake and bet­
ter growth (25) is not confirmed by these 
observations (table 8). In contrast with 
homocystine, cystine supports normal 
hematocrit values.

Vitamin Bi2 exerts demonstrable lipo­
tropic effect and promotes growth even in 
the absence of folic acid (tables 2-4); this 
is in contrast with previous findings (5,
6) with the same diet used in these studies. 
The general view that vitamin B]2 en­
hances the synthesis of choline (methyl 
transfer) is only partially borne out by the 
present studies. Mixing vitamin Bi2 with 
the diet had no advantage over feeding it 
separately when rations containing ani­
mal protein such as casein were used 
(2-4; table 5); with extracted peanut 
meal as the sole source of protein, vitamin 
Bi2 had more effect when it was incorpor­
ated in the diet than when it was given as 
a separate supplement (table 6). In con­
trast with previous observations (10, 11) 
and in spite of incomplete lipotropic ef­
fect, vitamin B,2 was found regularly bene­
ficial for the prevention of fibrosis even 
after 52 weeks in the experiment. The 
growth-promoting effect of vitamin Bi2 
was impressive, not only when it was 
given as the only supplement, but when
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it was used as an additional supplement 
with choline, methionine, cystine, homo­
cystine, dimethylethanolamine and com­
binations of these substances. The same 
was generally true of the FER. With sup­
plements of vitamin Bu, the average liver 
weight (as percentage of body weight) 
had a very low value, often the lowest in 
the whole series, while liver fat did not 
reach the low values observed with cho­
line and methionine mixed with the diet.

The results of the therapeutic experi­
ment (table 3) have to be related to our 
previous observations on obvious regres­
sion of already existing dietary cirrhosis 
under treatment with lipotropic factors, 
especially crude Tver extract (3). The 
high incidence of death of rats in which 
for diagnostic reasons pre-treatment liver 
biopsy was done (3), deterred us from 
this surgical procedure in the present 
study.

A need for revision of older views is 
supported by these observations. The out­
standing influence of vitamin Bi2 on 
weight gain and on reduced relative liver 
weight (this probably related to the over­
riding stimulation of weight gain) with­
out maximal lipotropic effect indicates that 
the role of vitamin Bi« under the experi­
mental conditions reported is not fully ex­
plained by stimulation of choline synthesis 
or methyl transfer but must have an ad­
ditional explanation such as synthesis of 
nucleotides or proteins. In conclusion, vi­
tamin B12 appears to emerge as the central 
factor in the underlying metabolic reac­
tions and therefore, also in the etiology of 
dietary liver injury.
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Assimilation by Rats of Limiting Amino Acid into 
Protein from Imbalanced Dietary Sources * 1

D. R. HARTM AN 2 a n d  K. W . KING
D ep a rtm en t o f B io ch em is try  and  N u tritio n , 
V irg in ia  P olytechnic  In s ti tu te ,
B lacksburg, V irg in ia

A B ST R A C T  T he hypothesis th a t  elevated  efficiency in  converting  th e  lim itin g  
am ino  acid  in to  tissu e  p ro te in  is th e  cause  of th e  depressed  co n cen tra tio n s of free  
am ino  acids in  th e  c ircu la tio n  a f te r  in g estio n  of a n  im b a lan ced  m ix tu re  of am ino 
acids w as tested . D iets im b a lan ced  an d  co rrected  w ith  respect to h is tid in e  w ere p re ­
p a red  u sin g  h is tid in e -15N . Over the  first 6 ho u rs  follow ing feed ing , th e  15N  in  th e  p ro ­
te in  and  th e  free  am ino  acid  pools of v arious tissues w ere de term ined . O bservation  of 
e n h an ced  efficiency of a ssim ila tio n  of d ie ta ry  h is tid in e  in to  p ro te in  affirm ed th e  va ­
lid ity  of th e  hypothesis.

An hypothesis to explain the amino 
acid imbalance phenomenon was formal­
ized by Harper and his group (1) as fol­
lows : “ . . . the amino acid mixture added 
to create an imbalance in some way de­
presses the plasma concentration of the 
limiting amino acid, causing the blood 
amino acid pattern to resemble that of an 
animal fed a much more deficient diet. 
This then, in some way, triggers an appe­
tite-depressing mechanism, and food in­
take falls.”

The hypothesis was a significant contri­
bution because it appeared to be compat­
ible with all existing data on amino acid 
imbalance of quite varied nature and be­
cause it provoked direct experimental test­
ing.

Just how the blood concentration of the 
limiting amino acid is depressed is left 
obscure, however; and one aspect of the 
hypothesis that required elucidation is the 
metabolic basis for the depression in con­
centration of the circulating limiting 
amino acid. This same paper speculated 
that accelerated incorporation of the limit­
ing amino acid into protein could be the 
cause of its low concentration in the body 
fluids. Very limited data from isotopic ex­
periments using a threonine imbalanced 
diet were presented, these data indicating 
enhanced threonine assimilation into body 
tissues from the imbalanced diet compared 
with pair-fed controls.

Recently (2) this same group has des­
cribed experiments involving both thre­

onine and histidine imbalances. These 
more extensive studies used isotopically 
labeled limiting amino acids and demon­
strated more efficient retention of the lim­
iting amino acid into liver protein, after 
ingestion of a single meal containing an 
imbalanced amino acid mixture.

Using 15N-labeled histidine in diets in­
volving a histidine imbalance we have 
tested the hypothesis of enhanced amino 
acid incorporation into tissue protein as a 
result of ingesting an imbalanced amino 
acid mixture. The resulting data, although 
differing in matters of detail, confirm the 
validity of Harper’s hypothesis about the 
cause of the depressed concentration of the 
limiting amino acid in the blood.

One difference in experimental design 
between these experiments and those of 
Harper’s group (1, 2) lies in the nature 
of the control. In the present investigation 
the control diet is one with the imbalance 
corrected by supplementation with histi­
dine. The 2 diets are therefore almost 
identical in total protein level. The con­
trol diets used in Harper’s experiments 
were the basal diets to which amino acids 
were added to create the imbalance. Their 
diet pairs consequently differ significantly 
in protein content. Both controls are valid, 
and as will be seen, both experiments lead
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to essentially the same conclusions regard­
ing the efficiency of assimilation of the 
limiting amino acid from imbalanced 
mixtures.

EXPERIM ENTAL

Eighteen weanling male rats of the 
Sprague-Dawley strain, weighing 40 to 
45 g, were trained over an 8-day period to 
eat twice daily at 12-hour intervals for 
2-hour periods. The basal diet during the 
training period consisted of the following 
in grams per kilogram: amino acid mix­
ture H (3), 102.2; vitamin mixture (4), 
10 (providing the following in milligrams 
per kilogram of ration: inositol, 1000; fol- 
acin, 2; vitamin Effi, 0.05; menadione, 6; 
niacin, 29; Ca pantothenate, 35; thia- 
mine-HCl, 7; riboflavin, 7; pyridoxine, 14; 
and biotin, 0.6); salt mixture (5), 53.9; 
choline chloride, 2.0; corn oil, 100; a-to- 
copherol, 0.091; percomorph oil,3 0.35; and 
sucrose, 735.759.

An imbalanced diet with histidine limit­
ing as described by Sauberlich (3) was 
prepared using the same formula except 
that histidine was omitted from the amino 
acid mixture above and replaced with 
2.77 g of L-histidine-15N hydrochloride/kg. 
The histidine contained 97 atom per cent 
excess 15N and was uniformly labeled. To 
create an imbalance at the expense of su­
crose 49.1 g of an amino acid mixture of 
the following composition was added: me­
thionine, 4.0; leucine, 10.0; arginine-HCl, 
4.0; phenylalanine, 3.75; threonine, 3.75; 
tryptophan, 2.5; cystine, 1.5; tyrosine, 4.0; 
valine, 7.0; isoleucine, 7.5; and sodium 
bicarbonate, 1.6. All amino acids were 
L-isomers, and the purity of each was con­
firmed on an amino acid analyzer to be 
99% or greater (6). A corrected diet was 
also prepared identical with the imbal­
anced diet except that an additional 2.74 g 
of L-histidine were added to each kilogram 
of diet, this amount of histidine being ade­
quate for complete correction of the imbal­
ance. A portion of each diet was saved for 
total nitrogen and 15N analyses.

At the end of the training period the 
12 rats eating the most diet were selected 
for study and divided according to body 
weight into 6 groups of 2 animals each. 
The rats were starved for the usual 
12 hours, placed in metabolism cages, and 
then offered 2.8 g of either the imbalanced

or the corrected diet. Two, four, and six 
hours after feeding, 2 rats from each diet 
group were anesthetized and tissue sam­
ples were obtained. Actual food consump­
tion was measured.

Blood was obtained by heart puncture 
and allowed tc clot. The liver, kidneys, 
and both gastrocnemius muscles were re­
moved, weighed, and immediately homog­
enized in 10% trichloroacetic acid (TCA). 
The gastrointestinal tract was freed of its 
contents by washing with physiological sal­
ine, weighed and homogenized in 10% 
TCA. Stomach contents and contents of 
the small intestine were saved separately. 
Fecal and large intestine contents were 
pooled with the feces.

Later the liver, kidney, muscle, and gas­
trointestinal tract homogenates were cen­
trifuged. The supernatants were saved, 
and the pellets were homogenized again in 
10% TCA. After centrifuging, this super­
natant was added to the first. One further 
washing of the pellet, this time for 30 min­
utes at 80 to 85°, was performed. The 
TCA-extracted pellets were then washed 
twice with acetone, dried, and weighed. 
Blood serum samples were deproteinized 
with TCA, and the pellets were washed 
twice with TCA, the washings being pooled 
with the original extracts. The carcass, 
left-over blood, and acetone washings of 
the various protein pellets were pooled and 
dissolved in 6  N  HC1 by heating at 121° 
for 8 hours.

Total nitrogen determinations (5) were 
carried out on all extracts and protein 
precipitates as well as on the rest of the 
carcass and the urine. The titrated am­
monia distillates were concentrated to a 
1-ml volume for 15N analysis. The 15N de­
terminations followed the procedure of Bur­
ris and Wilson (7) using a Consolidated 
Electrodynamics Corporation Model 620- 
21A mass spectrometer.

A complete experiment was performed 
without isotope to insure the adequacy of 
the techniques and methodology.

RESULTS AND DISCUSSION

Table 1 summarizes the isotope intake 
and absorption by the 6 treatment groups. 
In calculating, cognizance was taken of the

3 Oleum Percomorphum, Mead Johnson Laboratories, 
Evansville, Indiana.
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TABLE 1
C on su m p tio n  a n d  absorption  o f im ba lanced  a n d  corrected diets

Time
after

feeding
Amino

acid
mixture

Histidine
consumed

Excess 
of «N  

consumed

Isotope 
absorbed 
as % of 

that 
eaten

Unabsorbed isotope 
as % of that eaten
Upper
tract

contents
Lower
tract

contents
hours ¡imoles p,moles

2 Im b alan ced 30.2 90.7 45.6 54.3 0.1
C orrected 57.9 86.9 41.5 58.4 0.2

4 Im b alan ced 25.6 76.7 60.1 39.7 0.2
C orrected 49.1 73.6 59.9 39.9 0.2

6 Im b alan ced 30.8 92.4 75.8 23.7 0.5
C orrected 43.2 64.7 87.9 11.4 0.2

TABLE 2
D istribu tion  o f isotope in  tissu es a fte r  ea ting  h istid ine-15N -labeled im b a la n ced  a n d  corrected diets

Sample
Isotope retained, % of that absorbed

2 hours after feeding 4 hours after feeding 6 hours after feeding
Im balanced Corrected Imbalanced Corrected Im balanced Corrected

U rine 0.54 1.27 * 0.28 0.39 0.6S 0.83
Liver, p ro te in 6.12 4.55 8.64 6.74 * 11.20 8.11 *
Liver, non-p ro tein 4.09 5.29 4.18 5.58 2.21 5.76 *
Kidney, p ro te in 0.75 0.82 1.40 1.18 * 1.55 1.30 *
Kidney, non-pro tein 0.15 0.34 0.34 0.34 0.19 0.36 *
GI trac t, p ro te in 7.78 5.31 * 11.36 10.93 14.69 9.33
GI trac t, non-p ro tein 5.65 4.80 3.55 4.28 2.49 2.28
M u sc le ,1 p ro te in 10.86 13.28 15.09 13.82 20.46 23.67
M uscle, non-p ro tein 8.93 14.14 15.29 17.00 6.65 18.44 *
Serum ,2 p ro te in 1.95 1.69 3.44 3.42 4.89 3.73 *
Serum , non-p ro tein 3.93 0.67 1.12 1.73 0.89 1.70

C arcass 53.44 76.29 86.89 73.32 74.32 83.76

Recovery of isotope, % 80.50 100.54 118.76 104.90 109.62 114.97

* Corrected a n d  im balanced  values significantly  d ifferen t a t P  =  0.5 in  F test.
1 T ota l m uscle m ass w as tak en  as 50% of body w eight.
2 Serum  volum e w as tak en  as 4%  of body volum e.

TABLE 3

P ercentage o f tissue  15N  isotope in  p ro te in  o f various tissues

Time after feeding
T issue 2 hours 4 hours 6 hours

Im balanced  B alanced  Im balanced  B alanced Im balanced  B alanced

Liver 60 46 67 55 89 58
K idney 80 70 80 77 89 78
GI trac t 57 53 76 67 85 80
M uscle 55 48 50 42 74 54
Serum 33 70 75 66 85 68

fact that the isotope concentration of the 
histidine in the control diet was about half 
that in the experimental diet. These are 
average values from pairs of animals and 
none of the differences between imbal­
anced and corrected groups is statistically

significant. The data confirm earlier re­
ports (8) in that imbalanced mixtures are 
not poorly absorbed by the rat.

In table 2 are presented data describing 
the recovery of the absorbed isotope in the 
protein and non-protein nitrogen fractions
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of various tissues as well as total isotope 
recovery data. The amounts of isotope ex­
creted in the urine were extremely small, 
and the data are not amenable to physio­
logical interpretation. The incorporation 
of isotope into protein of all tissues tends 
to be greater from the imbalanced mixture 
than from the corrected mixture as shown 
in table 3. With time this is increasingly 
so, but the trend is clear in the metaboli- 
cally active tissues such as liver (see fig. 1), 
intestinal tract, and serum protein after 2 
hours. Granted, the first statistically sig-

Fig. 1 Efficiency o f in co rp o ra tio n  of d ie ta ry  
h is tid in e -I5N in to  liver p ro te in  a f te r  in g estio n  of 
im b a lan ced  an d  co rrected  am ino  acid  m ix tu res.

HOURS
Fig. 2  Efficiency of p assage  of d ie ta ry  h isti- 

d ine-15N  fro m  im b a lan ced  an d  co rrected  am ino 
acid  m ix tu re s  in to  th e  n o n p ro te in  pool o f liver.

nificant differences at the 5% level of 
probability occur after 4 or 6 hours, but 
the trends are clearly evident very early, 
and this point is vital if rates of conversion 
to protein are to be called on as explana­
tions for the characteristic depressions in 
free amino acid levels in serum that come 
later, in this particular system after ap­
proximately 8 hours.

A concurrent but opposite divergence in 
the isotope content of the non-protein nitro­
gen fractions is evident in table 2 and 
illustrated graphically for liver in figure 2. 
Higher isotope levels occur in the free 
amino acid pools of the same tissues. This 
is a clear-cut trend in most tissues even 
after only 2 hours and is statistically sig­
nificant after 6 hours in nearly all in­
stances.

Since there was essentially no difference 
in the amount of isotopic histidine ingested 
and absorbed between the imbalanced mix­
ture and the corrected mixture in these 
experiments, the direct observation of en­
hanced incorporation into tissue protein 
from the imbalanced mixture supports 
Harper’s suggestion as to the cause of the 
depressed levels of free amino acids with 
consequent suppression of appetite.

These results confirm those of Harper’s 
group (2) but do so independently in two 
important respects. The dietary formula­
tion and feeding regimen differ, and the 
nitrogen rather than the carbon was la­
beled. In experiments such as those de­
scribed here and those of Harper where 
analyses are carried out for isotope rather 
than the limiting amino acid per se, it is a 
necessary assurance to know the fate of 
both carbon and nitrogen as a safeguard 
against mistakenly following a metabolite 
of the labeled compound in the diet. To 
this extent the present data complement 
the very similar observations from the 14C 
studies (2).

An aspect of these data which is not 
immediately evident is the difference in 
total histidine assimilation on the imbal­
anced and corrected regimens. The data 
presented in table 2 and figures 1 and 2 
indicate the fraction of the absorbed histi­
dine that is found as either protein or in 
the tissue pools of free amino acids. From 
these data it is clear that the efficiency of 
conversion of absorbed histidine into pro-
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HOURS
Fig. 3 N et a ssim ila tio n  of h is tid in e  fro m  die­

ta ry  im b a lan ced  an d  co rrected  am ino  acid  m ix ­
tu res  in to  liver p ro tein .

tein is greater from the imbalanced mix­
ture because the total histidine in the 
corrected diet was double that in the im­
balanced diet; however, the net conversion 
of limiting amino acid, histidine, was 
greater from the corrected diet. This is

shown in figure 3 in the case of liver, the 
other tissues showing similar behavior.
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Control of Lipogenesis in Adipose Tissue of Fasted 
and Fed Meal-eating Rats * 1
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A B ST R A C T  T he cap ac ity  of adipose tissu e  from  m eal-ea ting  ra ts  (a n im a ls  h av in g  
access to food fo r a  single daily  2-hour p e rio d ) to  in co rpora te  ace ta te -l-14C in to  fa tty  
acids in  v itro  w as m ark ed ly  s tim u la ted  by in g estio n  of th e  daily  m eal. Adipose tissue  
of fed  m eal-ea ting  ra ts  (k illed  a f te r  th e  daily  m e a l)  w as fo u n d  to c o n ta in  m ore glyco-4 
gen an d  less free  fa tty  acids th a n  tissu e  fro m  an im a ls  killed before th e  daily  m ea l 
( fa s te d ) .  T issue fro m  fed  an im als  also h a d  a h ig h er in  v itro  cap acity  to convert acetate- 
14C to fa tty  acids, an d  th e  glycogen co n ten t of tissu e  fro m  fed  an im a ls  decreased  by 
75% d u rin g  a  2-hour in cu b a tio n  period. T hese d a ta  suggest th a t  glucose derived 
fro m  glycogen w as responsib le  fo r th e  g rea ter lipogenic cap acity  of adipose tissue 
fro m  fed  m eal-ea ting  ra ts . Adipose tissue  from  fa s ted  an im als  converted  glucose-14C 
to glyceride-glycerol a t over 3 tim es the  ra te  of tissu e  from  fed  m eal-eaters du rin g  
the  first 30 m in u te s  of in cu b a tio n  in  vitro , w h ereas th e  conversion  of glucose to 
fa tty  acids w as a t less th a n  h a lf  th e  ra te  observed in  tissue  of fed  an im als . In  com ­
p ariso n  w ith  th is  in it ia l  30-m inute  period  of in cu b a tio n , the  ra te  of glucose in co r­
p o ra tio n  in to  glyceride-glycerol by tissue of fa s ted  m ea l-ea tin g  ra ts  decreased  by 
abou t 4 0 % , an d  th e  in co rp o ra tio n  in to  fa tty  acids in creased  by ap prox im ate ly  270%  
d u rin g  a sub seq u en t 60-m inute in cu b a tio n  period . T hese  d a ta  suggest th a t  lipogenesis 
is in h ib ited  in  adipose tissu e  of fa s ted  m eal-ea ting  ra ts  by th e  e levated  level of free  
fa tty  acids (o r  fa tty  acyl CoA) an d  th a t  glucose (su p p lied  by ingestion  of the  daily  
m ea l or by ad d itio n  to th e  in cu b a tio n  m ed iu m  in  v itro )  stim u la te s  fa tty  acid  este ri­
fication  by conversion  to a-g lycerophosphate, thereby  low ering  th e  level of free  fa tty  
acids and  rem oving  th e ir  in h ib ito ry  effects. In  accord  w ith  th is  m ech an ism  it  w as 
show n th a t p y ru v a te  can  s tim u la te  in  v itro  fa tty  acid  syn thesis in  adipose tissue  of 
fa s ted  m eal-ea ting  ra ts  an d  th a t  th is  s tim u la to ry  effect is re la ted  to th e  conversion  of 
py ru v a te  to a-glycerophosphate. D a ta  are also p resen ted  d em o n stra tin g  th a t glucose is a 
m ore effective p recu rso r o f a -g lycerophosphate  in  r a t  adipose tissue  th a n  is p y ruvate  
an d  th a t  glucose is ap p aren tly  u tilized  p re fe ren tia lly  w h en  bo th  substra tes  are avail­
able. T he possible physio logical significance of these  observations in  th e  m eal-fed  ra t  
is discussed .

Rats trained to consume their food in a 
short daily period (meal-fed) develop a 
markedly increased capacity to convert 
carbohydrate to fat (1). This adaptive re­
sponse is characterized by an increased 
lipogenic capacity of both liver and adipose 
tissue (2-6), but adipose tissue appears to 
be the major site of de novo fatty acid 
synthesis in the meal-fed rat (7). Accom­
panying the enhanced capacity for lipid 
synthesis in liver and adipose tissue of 
meal-fed rats is an increase in the activity 
of several enzymes related to fatty acid 
synthesis (4, 8-10).

These adaptive changes are evident 
within 5 to 11 days after the start of meal­
feeding (11). However, in the adapted rat, 
ingestion of the daily meal per se influ­
ences lipid synthesis. Adipose tissue from

meal-fed rats killed before the daily meal 
incorporates less acetate into fatty acids 
in vitro than tissue from animals killed 
after the daily 2-hour meal (4, 6, 12). 
The reasons for this difference are not ob­
vious since the enzyme activity of adipose 
tissue from fasted and fed rats is similar
(13) and, under the in vitro conditions of 
the experiment, the substrate for fatty acid 
synthesis, acetate, was present in excess. 
It has been suggested (13) that fatty acid 
synthesis might be inhibited in adipose 
tissue of fasted meal-fed rats by increased 
tissue levels of free fatty acids (and 
fatty acyl CoA derivatives) and that this

Received for publication January 19, 1967.
1 These studies w ere supported in  p a r t by Public  

H ealth  Service R esearch  G ran t no. AM-10774-01 from  
the  N atio n a l In s titu te  of A rth ritis  an d  M etabolic 
Diseases.
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inh ib ition  could be rem oved by the  avail­
ability of su bstra tes convertible to a-glyc- 
erophosphate w hich w ould s tim ulate  
triglyceride form ation . T hus, d u ring  the 
m eal period d ietary  glucose could supply 
a-glycerophosphate an d  rem ove any  inh ib i­
tory effect of tissue free fa tty  acids.

T he experim ents reported  w ere an  a t­
tem pt to evaluate  th is hypothesis. T he d ata  
presen ted  support th is proposal an d  sug­
gest th a t free fa tty  acids and  glycogen are 
im p o rtan t in  the control of m etabolism  in  
adipose tissue of the m eal-fed ra t.

METHODS

M ale ra ts  of the  H oltzm an stra in , w eigh­
ing  approxim ately  250 g, w ere used  fo r all 
studies. T he an im als w ere housed  singly in  
m eta l cages hav ing  ra ised  w ire floors, in  a 
tem peratu re-regu lated  env ironm en t (2 1 ° )  
and  h ad  access to food from  8 am  to 10 
am  only (m ea l-ea te rs). W ater w as avail­
able a t all tim es, an d  body w eight an d  food 
consum ption w ere determ ined  a t weekly 
in tervals. T he an im als w ere m ain ta in ed  on 
this reg im en fo r a t least 3 weeks before 
use. This period h as  been  show n to be of 
sufficient leng th  to induce the  lipogenic 
and  enzym atic ad ap ta tions re su lting  from  
m eal-feeding (1 1 ) .  In  all experim ents 
body w eight changes an d  food consum p­
tion  w ere sim ilar to those observed p re ­
viously (6 ) .  A com m ercial d ie t2 w as used 
in  all stud ies an d  w as fed  in  pow dered 
form  to enable m easu rem en t of food con­
sum ption.

T issue w as ob tained  from  ra ts  fasted  
fo r 22 hours ( “fa s ted ”) or fas ted  fo r 22 
hours and  fed  fo r 2 hours ( “fed”) un less 
otherw ise indicated . On the  day of experi­
m en t the an im als w ere decap ita ted  and  
the epididym al adipose tissue w as quickly 
excised an d  trea ted  as ind icated  below fo r 
the various analyses. For m etabolic stud ­
ies, pieces of the  th in  peripheral portion  
of the fa t  pad  w eighing approxim ately  100 
m g w ere incubated  in  C a++-free Krebs- 
R inger b icarbonate  buffer (1 4 ) ,  pH  7.4, at 
38° u n d e r an  atm osphere of 95% 0 2-5% 
C 0 2 fo r the tim es ind icated  in  the tables of 
resu lts. T he addition  of substrates and  in ­
su lin  3 to the buffer is ind icated  in  the 
tables of resu lts , w here appropriate. The 
procedures used fo r the iso lation  and  
counting  of radioactive products w ere as

described previously (1 1 )  except th a t r a ­
dioactivity w as determ ined  in  a  P ackard  
Tri-Carb M odel 3003 liquid  scin tilla tion  
spectrom eter. Glycogen con ten t of adipose 
tissue w as determ ined  on pieces w eighing 
from  100 to 250 m g. T he tissue w as ex­
trac ted  w ith  ch lo ro fo rm :m eth an o l ( 2 :1 ) ,  
and  the  defa tted  tissue w as digested in  
30%  KOH. T he glycogen w as co-precipi- 
ta ted  w ith  N a2SOi (1 5 ) ,  an d  glycogen was 
q u an tita ted  by the an th ro n e  p rocedure
(1 6 ) . For free fa tty  acid analysis, a  piece 
of adipose tissue w eighing 250 to 500 m g 
w as hom ogenized in  2 m l of H 20  in  a  glass 
hom ogenizer w ith  a T eflon pestle. An ali­
quot of the hom ogenate w as ex trac ted  by 
the m ethod  of Dole an d  M einertz (1 7 ) ,  
and  the fa tty  acids w ere q u an tita ted  by the 
colorim etric m ethod  of M osinger (1 8 ) .

RESULTS

T he series of experim ents to be reported  
w ere based on the hypothesis th a t the level 
of free fa tty  acids (o r  fa tty  acyl CoA) in  
adipose tissue could inh ib it de novo fa tty  
acid synthesis. The first experim en t w as 
designed to dem onstrate  w h e th e r ingestion  
of the daily m eal could induce detectable 
changes in  the  level of free fa tty  acids in  
adipose tissue of m eal-fed ra ts . T he d a ta  
p resen ted  in  table 1 show clearly th a t the 
an im als killed before the  daily m eal h ad  
significantly  h ig h er adipose tissue levels of 
free fa tty  acids th a n  an im als killed a fte r 
the m eal period. T he adipose tissue glyco­
gen con ten t w as increased  in  these anim als 
as a consequence of m eal ingestion . The re­
su lts of th is experim en t suggested th a t the 
g rea ter in  v itro  lipogenesis observed in  tis­
sue of fed  ra ts  as com pared  w ith  fasted  
m eal-eating  ra ts  m igh t be re la ted  to  the 
low er free fa tty  acid level and  g rea ter gly­
cogen con ten t of adipose tissue from  fed  
anim als.

T he experim en t sum m arized  in  table 2 
w as designed to determ ine w he th e r tissue 
glycogen w as utilized  by adipose tissue in ­
cuba ted  in  vitro. T here w as little  change in  
the glycogen co n ten t of adipose tissue from  
fasted  m eal-eating  ra ts  incubated  w ith  
ace ta te -l-14C, w hereas the h igher glycogen

2Rockland M ouse/Rat diet (complete), Teklad, Inc., 
Monmcuth, Illinois.

3 The insulin  used in  these studies was generously 
supplied by Dr. R. E. Chance, Eli Lilly and Company, 
Indianapolis, Indiana.
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TABLE I
G lycogen a n d  free fa tty  acids in  ep id idym al 

adipose tissue  fro m  fa sted  a n d  fed  
m eal-ea ting  rats 1

Dietary
status

Adipose
tissue

glycogen

Adipose 
tissue 

free fatty 
acids

m ! g m/imoles/g
F asted 6 0 ± 1  2 4 7 6 ± 4 8
Fed 1 h r 135 ± 2 9 —

Fed 2 h r 264 ± 1 1 9 1 9 5 ±  10

1 A nim als w ere killed  before feed ing  or one or two 
hours a f te r  the  s ta r t of the  m eal as ind icated .

2 M ean f o r  4 r a t s  ±  s e  o f  m ean.

con ten t of tissue from  fed  an im als de­
creased  by approxim ately  75%  d uring  the 
2-hour incubation  period. A cetate inco r­
pora tion  in to  fa tty  acids w as m uch  greater 
in  adipose tissue of fed  ra ts  as com pared

w ith  fasted  m eal-eating  an im als. T he ad ­
dition of glucose and  in su lin  to the  in cu b a­
tion m edium  resu lted  in  an  ap p a ren t n e t 
synthesis of glycogen in  tissue from  fasted  
m eal-eating  ra ts , w hereas the glycogen 
con ten t of adipose tissue from  fed  m eal- 
ea ters decreased b u t to a m uch  lesser ex­
ten t th an  observed in  the absence of glu­
cose.

A cetate-l-14C incorporation  in to  fa tty  
acids w as som ew hat sim ilar fo r adipose 
tissue of fas ted  an d  fed  m eal-eating  ra ts  
w hen  incubated  in  the presence of glucose 
an d  in su lin  (tab le  2 ) . However, the lower 
incorporation  noted  in  th is experim en t fo r 
adipose tissue of fasted  an im als h a s  been 
observed consisten tly  u n d er these experi­
m en ta l conditions. This difference betw een

TABLE 2
In  v itro  aceta te-l-u C incorporation  in to  fa tty  acids and  g lycogen u tiliza tio n  by adipose 

tissue o f fa s ted  a n d  fed  m eal-eating  rats  1

Dietary
status

Additions to 
incubation 
m edium 2

Glycogen
content

Acetate-l-14C 
incorporation 

into fatty 
acids

F asted in itia l  value
m / s 

3 7 ±  19 3

m/imoles/lOO mg 
tissue/2 hr

a ce ta te -l-14C 21 ± 5 18 ± 6
ace ta te -l-14C +  glucose +  in su lin 55 ± 4 336 ± 4 1

Fed 2 h r in it ia l  value 447 ± 1 2 2 __
a ce ta te -l-14C 107 ± 3 6 300 ± 7 9
a ce ta te -l-14C +  glucose +  in su lin 389 ± 9 3 546 ± 4 1

1 F asted  ra ts  w ere k illed  before the  daily  m eal an d  the  fed an im als a f te r  the daily  2-hour m eal.
2 Both buffers con ta ined  (p e r  m l) :  sodium  acetate, 10 /»moles; ace ta te-l-14C, 0.17 liCi; and, w here 

ind ica ted , glucose, 5 ..moles and  in su lin , 0.1 un it.
3 M ean fo r 4 ra ts  ±  s e  of m ean.

TABLE 3
R ate  o f glucose-U-UC incorporation  in to  fa tty  acids a n d  glyceride-glycerol by isolated  

adipose tissu e  o f fa s ted  a n d  fe d  m eal-ea ting  rats 1

Meal-eating rats
Fasted Fed 2 h r

Glucose-U-14C inco rp o ra ted  in to
mil m oles/100 mg tissue

F a tty  acids: 30-m in in cu b a tio n 22 ±  5 2 53 ±  11
90-m in in cu b a tio n 182 ± 3 2 208 ± 4 9

G lyceride-glycerol: 30-m in in cu b a tio n 59 ± 7 18 ±  2
90-m in in cu b a tio n 131 ± 1 3 56 ± 5

R ate  of glucose-U-14C in co rp o ra tio n  in to
m^moles/100 mg tissue/m in

F a tty  acids: 0 -3 0  m in 0 .7 2 ± 0 .1 7 1 .7 7 ± 0 .3 6
3 0 -9 0  m in 2.67 ± 0 .4 6 2.56 ± 0 .9 1

G lyceride-glycerol: 0 -3 0  m in 1.98 ± 0 .2 4 0.61 ± 0 .0 6
30—90 m in 1.20 ± 0 .1 4 0.62 ± 0 .0 9

1 Fasted  ra ts  were killed  before the  daily  m eal and  the  fed an im als afte r the  daily  2-hour m eal. 
The buffer con ta ined  (p e r  m l) :  glucose, 5 /tmoles, in su lin , 0.1 u n it  and  glucose-U-14C, 0.17 /iCi.

2 M ean f o r  5 r a t s  ±  s e  o f  m ean.
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tissue of fas ted  and  fed  anim als m igh t be 
due to a lag  in  fa tty  acid synthesis, re su lt­
ing  from  the h igher in itia l level of free 
fa tty  acids in  adipose tissue of fas ted  ra ts . 
To evaluate  th is  possibility the experim ent 
show n in  table 3 w as conducted. Adipose 
tissue from  m eal-fed ra ts  killed before or 
afte r the  daily m eal w as incubated  in  a 
buffer con ta in ing  glucose-U-14C fo r 30 or 
90 m inu tes, and  the incorporation  of I4C 
in to  fa tty  acids and  glyceride-glycerol w as 
determ ined. F rom  these d a ta  the ra te s  of 
form ation  of these 2 products w ere ca lcu­
lated  fo r the first 30 m inu tes an d  the sub­
sequent ho u r of incub a tio n  (tab le  3 ) . T is­
sue from  fasted  m eal-eaters in itia lly  
incorporated  m uch  less glucose in to  fa tty  
acids and  m ore in to  glyceride-glycerol th an  
tissue from  fed an im als. D uring  the last 
ho u r of incub a tio n  glyceride-glycerol fo r­
m ation  w as still proceeding a t a h igher ra te  
in  tissue of fasted  m eal-eaters, bu t the ra te  
of fa tty  acid synthesis h ad  increased  to 
th a t of tissue from  fed  an im als. The resu lts 
of th is study show th a t there  is a  lag  in  
fa tty  acid synthesis d u rin g  the early  por­
tion of the in  vitro  incub a tio n  period for 
adipose tissue from  fasted  m eal-eating  ra ts .

The experim en t sum m arized  in  table 4 
was conducted  to determ ine w he th e r fa tty  
acid synthesis m igh t be lim ited  in  adipose 
tissue of fas ted  m eal-eating  ra ts  by sub­
s tra te  availability. The resu lts  of th is ex­
p erim en t (tab le  4 )  show th a t the oxidation 
of ac e ta te -l-I4C by adipose tissue w as no t 
a ltered  by the 22-hour fast, and  the ad­
dition of un labeled  pyruvate to the incub­

ation m edium  appeared  to depress acetate 
oxidation  slightly. T he oxidation of pyru- 
vate-2-I4C also w as no t influenced by 
fasting . These observations dem onstrate  
th a t the ability of adipose tissue from  
m eal-eating  ra ts  to oxidize acetate  or py­
ruva te  is no t im paired  by a  22-hour fast, 
ind ica ting  th a t conversion of these sub­
stra tes to acetyl-CoA proceeds norm ally . 
C onsequently, fa tty  acid synthesis in  adi­
pose tissue of fas ted  m eal-eating  anim als 
is apparen tly  no t lim ited  by substrate  
availability. The d a ta  in  table 4 show th a t 
despite the ap p aren t sim ilarity  of adipose 
tissue from  fasted  an d  fed  m eal-eaters to 
form  acetyl CoA, there  is a considerable 
difference in  lipogenic capacity  betw een 
these tissues. Adipose tissue from  fasted  
anim als incorporated  m uch  less acetate 
in to  fa tty  acids th an  did tissue from  fed 
ra ts . The addition of un labeled  pyruvate 
stim u la ted  aceta te-l-14C incorporation  in to  
fa tty  acids by tissue from  fasted  m eal- 
eaters, bu t tissue from  fed  ra ts  still incor­
pora ted  about tw ice as m u ch  acetate  into 
fa tty  acids. The incorporation  of pyruvate- 
2-I4C in to  fa tty  acids w as also h ig h er for 
tissue from  fed  an im als. T he incorporation  
of pyruvate-2-14C in to  glyceride-glycerol 
w as sub stan tia l and  greater in  adipose 
tissue of fasted  th an  fed  m eal-eating  ra ts .

T he d a ta  in  table 5 dem onstrate  the  ef­
fect of glucose availability  on the relative 
u tiliza tion  of specifically labeled pyruvate 
fo r fa tty  acid and  glyceride-glycerol syn­
thesis by adipose tissue of fa s tin g  m eal­
ea ting  ra ts. In  th is experim en t adipose

TABLE 4
In  v itro  aceta te-l-14C a n d  pyruvate-2-14C u tiliza tio n  by adipose tissue  o f fa sted  

and  fed  m eal-ea ting  rats 1

Incorporation Dietary
status

Additions to buffer 2
of labeled 

substrate into Acetate-l-14C Acetate-l-14C 
-|- pyruvate Pyruvate-2-i4C

C arbon dioxide fasted

mfimoles of 14C-labeled substrate 
incorporated/100 mg tissue / 3 hr

346 ± 3 1  3 304 ± 3 2  741 ± 1 6 0
fed 349 +  41 314 +  54 894 =  118

F a tty  acids fasted 10 ±  3 152 +  42 688 =  231
fed 210 +  60 252 +  43 1412 =  277

Glyceride-glycerol fasted 20 ± 3 25 +  3 342 =  37
fed 22 ± 3 21 +  3 125 ± 1 2

1 F asted  ra ts  w ere k illed  before th e  daily  m ea l and  the  fed  an im als a f te r  the  daily  2-hour m eal.
2 All buffers con ta ined  (p e r  m l) :  sodium  acetate, 10 f im oles; w here ind ica ted , sodium  pyruvate, 

5 /¿moles. R adioactive substra tes w ere added to yield a final activ ity  of 0.17 /iC i/m l.
3 M ean f o r  5  r a t s  ±  s e  o f  m ean.
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TABLE 5
I n  v itro  incorporation  o f specifically  labeled p yru va te  in to  fa tty  acids a n d  glyceride-glycerol 

by adipose tissue  o f fa s ted  m eal-ea ting  rats 1

Pyruvate-14C
incorporation

into
Radioactive

substrate

Additions to buffer 2

None Glucose 
+  insulin

F  a tty  acids p y ru v a te -l-14C

m/imoles substrate incorporated/  
100 mg tissue /3 hr 

0.8 ± 0 .1  3 1 .2 ±  0.2
pyruvate-2-14C 709 ± 1 2 4 1595 ± 2 9 8
pyruvate-3-14C 5 4 3 ± 1 1 1 1472 ± 2 4 0

Glyceride-glycerol p y ru v a te -l-14C 93 ± 5 18 ± 1
pyruvate-2-14C 2 7 0 ±  17 58 ± 2
pyruvate-3-14C 2 1 0 ± 2 4 50 ± 4

1 Rats were killed before the daily meal.
2 All buffers contained (per m l): 5 /¿moles pyruvate; and, where indicated, 5 /¿moles glucose and 

0.1 unit insulin. Radioactive substrates were added to yield a final activity of 0.17 /¿Ci/ml.
2 Mean for 6  rats ±  s e  of mean.

tissue w as incubated  w ith  specifically 
labeled pyruvate in  the absence or p res­
ence of glucose an d  in su lin  and  the in ­
corporation  in to  fa tty  acids and  glyceride- 
glycerol w as determ ined . T he addition  of 
glucose an d  in su lin  to the  incubation  
m edium  significantly  decreased the  con­
version of pyruvate  to glyceride-glycerol 
and  increased  the incorporation  of py ru ­
vate in to  fa tty  acids. T his effect of glucose 
is sim ilar to  th a t of m eal ingestion  on 
pyruvate incorporation  in to  fa tty  acids and  
glyceride-glycerol (tab le  4 )  and  suggests 
th a t w hen  glucose is available fo r a-glyc- 
erophosphate fo rm ation , pyruvate is di­
verted  to acetyl-CoA an d  fa tty  acids. The 
incorporation  p a tte rn s  observed fo r py ru ­
vate-1-,2-, or 3-14C (tab le  5 )  are as expected 
(1 3 -1 9 ) .  Carbon-1 of pyruvate  is lost as 
C 0 2 in  the oxidation of pyruvate  to acetyl- 
CoA an d  therefore should  no t be incor­
pora ted  in to  fa tty  acids, w hile carbon-2 
an d  carbon-3 should be incorporated  to 
approxim ately  the sam e ex ten t. The in ­
corporation  of carbon-1 of pyruvate into 
glyceride-glycerol to about one-half the ex­
ten t of carbon-2 and  carbon-3 is consis­
ten t w ith  the operation  of the abbreviated 
dicarboxylic acid shu ttle  in  adipose tissue 
(13 , 19, 2 0 ).

DISCUSSION

T he studies reported  w ere un d ertak en  
in  an  effort to explain  the stim ulato ry  ef­
fect of m eal ingestion  on lipogenesis in  
adipose tissue of m eal-eating  ra ts . In  a 
previous repo rt (1 3 )  it  w as suggested th a t

fa tty  acid synthesis m igh t be inh ib ited  in  
adipose tissue of fasted  m eal-eating  ra ts  
by increased  tissue levels of free  fa tty  
acids ( and  fa tty  acyl CoA deriva tives) and  
th a t th is inh ib ition  could be rem oved by 
substra tes convertible to a-glycerophos- 
phate . This hypothesis is in  accord  w ith  
several reports show ing th a t fa tty  acids or 
th e ir acyl CoA derivatives in h ib it fa tty  
acid synthesis (2 1 -2 4 )  an d  the  dem on­
stra tio n  th a t a-glycerophosphate can  stim u­
la te  fa tty  acid esterification and  synthesis 
by cell-free liver p repara tions (2 2 ) .  The 
d a ta  in  the p resen t repo rt support a  sim i­
la r  contro l role for free fa tty  acids in  
adipose tissue of the  m eal-eating  ra t.

In  accord w ith  the inh ib ito ry  role of 
tissue fa tty  acids, adipose tissue of fasted  
m eal-eating  ra ts  w hich h as  a low lipogenic 
capacity  (tab les  2 an d  4 )  also h as  an  ele­
vated  free fa tty  acid level (tab le  1 ). The 
stim ulation  of lipogenesis in  adipose tissue 
of fas ted  m eal-eating  ra ts  by the addition  
of glucose (tab le  2 )  or pyruvate  (tab le  4 )  
to the incubation  m edium  dem onstrates 
th a t substrates convertible to a-glycero- 
phosphate s tim ulate  lipogenesis, p resu m ­
ably by esterify ing fa tty  acids to trigly­
cerides. Such a  m echan ism  is also sup­
ported  by the observation th a t glucose 
incorporation  in to  fa tty  acids proceeds 
very slowly in  tissue of fasted  m eal-eating  
ra ts  d u ring  the early  portion  of the in cu ­
bation  period, w hereas conversion to a- 
glycerophosphate is rap id  (tab le  3 ) . D uring  
the  la te r  stages of the incubation  period, 
w hen  fa tty  acid levels have presum ably
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been reduced , conversion of glucose to 
a-glycerophosphate or glyceride-glycerol de­
creases, an d  incorporation  in to  fa tty  acids 
is enhanced .

The g rea ter in  vitro lipogenic capacity  
of adipose tissue from  fed  as com pared 
w ith  fasted  m eal-eating  ra ts  can  be a ttrib ­
u ted  to its  h ig h er glycogen an d  low er free 
fa tty  acid conten t. As dem onstrated  p re ­
viously (1 1 )  an d  corroborated  in  the p res­
en t repo rt adipose tissue of m eal-fed ra ts  
accum ulates su b stan tia l quan tities of gly­
cogen during  the m eal period. T his gly­
cogen is u tilized during  in  vitro incubation  
of adipose tissue from  fed  m eal-eaters 
(tab le  2 ) .  T he glucose derived w ould pro­
vide a source of a-glycerophosphate for 
fa tty  acid esterification  w hich would m a in ­
ta in  a low level of tissue fa tty  acids and  
enable fa tty  acid synthesis to proceed.

The in  vitro  resu lts  p resen ted  suggest a 
p lausib le regula tory  m echan ism  w hich 
could be of physiological im portance  in  
the m eal-eating  ra t. Adipose tissue, liver 
and  m uscle of m eal-eating  ra ts  have the 
capacity  to store u nusually  large q u an ti­
ties of glycogen during  the m eal period
(1 1 ) . Adipose tissue also accounts fo r over 
95%  of the fa t  synthesized d u ring  this 
period (7 )  and  has the additional role of 
re leasing  fa tty  acids fo r oxidation by o ther 
tissues. Triglycerides are continuously  
hydrolyzed in  adipose tissue and  th e ir re ­
synthesis is  dependen t upon  a-glycero­
phosphate  fo rm ation  from  dihydroxyace- 
tonephosphate  because of the absence of 
glycerokinase in  th is tissue (2 5 ) .

D uring  the m eal-period w hen glucose is 
available, little  re lease of fa tty  acids would 
occur (2 6 ) .  As glucose becom es lim iting , 
lac ta te , derived from  glycogenolysis and  
glycolysis in  m uscle (2 7 ) ,  could serve as a 
source of a-glycerophosphate in  adipose 
tissue a fte r conversion to pyruvate  (12 , 
19, 20, 2 8 ) an d  fo r a tim e could lim it 
fa tty  acid release (2 9 ) .  As both  glucose 
and  lac ta te  becom e lim iting , tissue fa tty  
acid levels w ould increase, lipogenesis 
w ould be cu rta iled  and  fa tty  acids w ould 
be released  rapidly. Such a  regulatory  
m echan ism  is consisten t w ith  the in  vitro 
observations reported  in  the p resen t pap er 
and  recen t studies of the effect of fa tty  
acids on lipogenesis (2 1 -2 4 )  and  enzym e 
activity (3 0 )  in  liver. Studies in  progress

will a ttem p t to evaluate the significance 
of th is m echan ism  in  the in tac t m eal-fed 
ra t.
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A B ST R A C T  T he enzym e A T P-sulfurylase, th ough  p re sen t in  ch ick  liver, b ra in  and  
sp in a l cord, w as n o t affected  by v ita m in  A deficiency. H ow ever, the  v itam in  de­
ficiency caused  in creased  organ ic  (b u t  n o t in o rg an ic )  deposition  in  ch ick  bone, 
in creased  w a ter con ten t, an d  in creased  to ta l w et w eigh t of bones. C hondro itin  su l­
fa te , as m easu red  by uron ic  acid  co n cen tra tio n  an d  su lfa te  up take , w as h ig h er in  th e  
epiphyses o f deficient bone. T ricarboxylic  acid  cycle an d  glycolysis reac tio n s and  
u p tak e  of am ino acids in to  p ro te in  took p lace  a t a  h ig h er ra te  in  deficient bone. 
No differences w ere fo u n d  fo r collagen fo rm atio n . T hese re su lts  tend  to suggest th a t  
th e  in creased  m etabolic  activ ity  of deficient bone m ay  accom pany  som e fo rm  of 
overgrow th of the  deficient bones, possibly of th e  in te rce llu la r  m atrix .

The hypothesis w as proposed by one of 
us (1 )  th a t v itam in  A func tions in  the re ­
action lead ing  to the  activation  of the inor­
ganic su lfa te  ion. T he experim ents needed 
to dem onstrate  th is involved assay of the 
enzym e A TP-sulfurylase in  n o rm al and  
v itam in  A-deficient ra ts . However, it  was 
soon found  th a t s tarva tion  also causes a 
severe low ering of th is e n z y m e .3 T herefore, 
the question  arose: Is the decrease in  ac­
tivity of the su lfury lase in  v itam in  A de­
ficiency solely the effect of the low ered food 
in take  a tten d a n t upon the v itam in  defi­
ciency, or h as  the v itam in  deficiency an  ef­
fect on the enzym e in  addition  to th a t of 
starvation?

It w as suggested 4 th a t we investigate the 
effect of v itam in  A deficiency on the activ­
ity  of su lfu ry lase in  the chick  since in  this 
species, as opposed to the  ra t, food in take 
in  no rm al an d  deficient anim als is iden ti­
cal. T his study  w as carried  out. No differ­
ence w as found  in  the  liver su lfury lase 
betw een no rm al an d  v itam in  A-deficient 
chicks. W e th en  argued th a t since the only 
observable sym ptom  of the v itam in  de­
ficiency in  the chick involves the nerves, 
the first lesion due to the deficiency is to be 
sought in  the nervous system . However, the 
sulfurylase, though  p resen t in  b ra in  and  
sp inal cord, w as no t low ered in  its activity 
by v itam in  A deficiency.

T he controversy w ith  respect to the n e r­
vous lesions accom panying v itam in  A de­
ficiency, especially in  birds, h as  no t been 
settled. T he follow ing hypotheses have 
been proposed: ( a )  an  effect of the v itam in

deficiency on the nerve tissue directly; ( b )  
an  effect of com pression of the cen tra l n e r­
vous system  by its n o rm al grow th w ith in  a 
skull and  vertebral colum n w hich is no t 
grow ing norm ally ; ( c )  an  effect of over­
grow th of skull bones and  thereby com pres­
sion of the cen tra l nervous system ; (d )  
com pression of the nerve tissue by increase 
in  cerebrospinal fluid pressure found  to ac­
com pany v itam in  A deficiency.

As we found  a t least one enzym e system  
of nerve tissue, previously though t to  be 
connected  w ith v itam in  A func tion , no t a f­
fected  by the deficiency, we have attem pted  
to throw  som e ligh t on hypotheses (b )  and
( c ). W e have stud ied  som e of the b iochem i­
cal p aram eters of bone, especially of the 
skull, in  the v itam in  A-deficient chick. A 
sim ilar study  ( 2 ) ,  ca rried  out purely  h isto­
logically, dem onstrated  th a t in  the  chick  
the nervous sym ptom s are due to bone 
grow th re ta rdation .

EXPERIM ENTAL

Preparation of vitamin A-deficient 
chicks. One-day-old chicks 5 w ere fed  the 
deficient d iet (tab le  1 ). Control chicks

Received fo r pub lica tion  F ebruary  27, 1967.
1 This m an u scrip t is con tribu tion  no. 1036 from  the  

D epartm ent of N u tritio n  an d  Food Science, M assa­
chusetts In s titu te  of Technology, C am bridge, M assa­
chusetts 02139.

2 On leave of absence from  the  D epartm ent of N u­
tritio n , The Hebrew U niversity , H adassah  M edical 
School. Je rusalem , Israel.

3 Root, D. M. 1966 Studies on th e  re la tion  of 
ATP-sulfurylase to sta rvation  an d  v itam in  A defici­
ency. Thesis, M.I.T.

4 Suggestion m ade by Prof. R. A. M orton.
5 Leghorn, from  Cobbs’ Pedigree Chicks, L ittleton , 

M assachusetts.

J . N u t r it io n , 9 2 :  ’67. 4 6 7
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TABLE 1
V ita m in  A -deficient d iet fo r th e  ch ick

%
C asein  (v itam in -free ) 35
Glucose 40.6
C ellulose 3.0
Salt m ix  1 5.0
A rginine 1.2
DL-Methionine 0.5
C alcium  carbonate 1.0
Glycine 1.5
C holine chloride 0.2
C ottonseed oil 10.0
V itam in  m ix  (v ita m in  A -free) 2 2.0

1 A ccording to H. Spector 1948 J. Biol. Chem., 173 : 
659.

2 V itam in  A-free m ix: ( in  g ) th iam in e , 1.0; ribo­
flavin, 1.0; pyridoxine, 1.0; Ca p an to thenate , 2.0; 
n iac in , 1.5; inositol, 2.5; folic acid, 0.1; v itam in  E 
acetate, 10.0; bio tin , 0.0075; m enadione, 2.0; v itam in  
D3, 125,000 IU ; and  sucrose to m ake 1.000 g.

w ere given w ater-soluble v itam in  A 6 (300  
IU/'lOO g feed ) every 48 hours. T he de­
ficient birds becam e atax ic betw een day 15 
and  18, a t w hich tim e they w ere used for 
the experim ents.

Assay of ATP-sulfurylase. M ale chicks 
w eighing betw een 290 and  350 g were de­
capita ted . The livers w ere excised, cleaned 
w ith  ice-cold saline, hom ogenized and  sep­
ara ted  in to  particu la te  and  su p ern a tan t 
fractions by cen trifugation  as described by 
S undaresan  (3 ) .  T he A TP-sulfurylase w as 
assayed in  the su p ern a tan t frac tion  by the 
reaction  of ATP w ith  sodium  m olybdate 
w ith  assay of the pyrophosphate generated , 
as w orked out in  th is laboratory  (3 ) .  As an  
independen t check on the m ethod, the sam ­
ples w ere also assayed by reaction  of ATP 
w ith  labeled sodium  su lfate, conversion of 
the adenosine phosphosulfate fo rm ed  to 
phosphoadenosine phosphosu lfate  by the 
k inase p resen t in  the su p e rn a tan t solution, 
and  tran sfe r of the activated  su lfate  thus 
form ed to p-nitrophenol by addition  of a 
p repara tion  of su lfate  transferase . T he re ­
su ltan t labeled  p -n itrophenophenylsu lfate 
w as separated  by p aper ch rom atography 
and  assayed.7

Preparation and incubation of bone tis­
sue. M ale chicks w eighing betw een 290 
and  350 g w ere decapitated . T he skull and  
tib ia w ere rem oved a fte r carefu l separation  
th rough  the d istal epiphyseal p late. All ad­
h e ren t connective tissue, includ ing  the 
cartilage of the head , w as rem oved. E ach 
bone w as dissected, cleaned w ith  filter 
pap er and  rinsed  w ith 0.9%  sodium  chlor­

ide solution. The epiphyses and  diaphyses 
w ere then  cu t in to  th in  slices w ith  a sh arp  
scalpel. T he sm all pieces of bone (2 0 0 -  
400 m g ) were w eighed and  im m ediately  
placed in  10-ml E rlenm eyer flasks con­
ta in ing  3 m l of Krebs-Ringer b icarbonate  
buffer, p h  7.4, glucose 0.17 m M , an d  sm all 
am ounts of penicillin  and  streptom ycin . A 
stream  of 95% 0 2-5% C 0 2 w as bubbled 
th rough  the m ed ium  fo r 1 m inu te , and  the 
flasks w ere stoppered an d  incubated  at 37° 
in  a D ubnoff shaker a t 70 o sc illa tio n s/m in ­
u te  fo r 3 hours. For b lank  experim ents, the 
bone slices w ere placed in  a boiling w ater 
b a th  for 5 m inu tes before incubation .

A fter incubation , the m ed ium  w as re ­
m oved, an d  the bone fragm en ts w ere de­
calcified by 2 exposures to 10 m l of a  10% 
solution of EDTA for 48 hours each. The 
decalcified m ateria l w as w ashed 3 tim es 
w ith  w ater.

Determination of radioactivity in C 0 2 
liberated. Incubations w ere carried  out as 
above in  E rlenm eyer flasks con ta in ing  a 
cen te r well an d  stoppered by a ru bber d ia­
phragm . At the end  of the incubation , the 
flasks w ere chilled in  ice, 0 . 5  m l 1 m  Hya- 
m ine hydroxide in  m e th a n o l8 w as in jec ted  
in to  the cen te r well by needle and  syringe 
followed by 0 .3  m l 1 n  su lfuric acid in to  
the m edium . The flasks were th en  shaken  
for an  additional hour to com plete absorp­
tion  of the 14C 0 2. T he H yam ine solution 
w as th en  tran sfe rred  to a scin tilla tion  vial 
con ta in ing  6 m l ethano l and  8 m l to luene 
w ith  0 .6 %  scin tilla to r (D P O ). C ounting 
efficiency in  a  liquid scin tilla tion  spectrom ­
eter 9 w as 6 7 % .

Determination of hydroxy proline. The 
decalcified bone slices w ere hydrolyzed in  
2 m l 6 n  HC1 in  sealed tubes a t 110° for 
24 hours. The specific activity of the hy- 
droxyproline w as determ ined by m ethod  of 
Prockop and  U denfriend  (4 ) .

Determination of proline and leucine in­
corporation into matrix protein. A liquots 
of the decalcified m atrix , hydrolyzed as 
above, w ere counted  in  the ethanol-to luene 
system  described. P ro tein  n itrogen  w as de­
term ined  by the K jeldahl-N essler m ethod.

6 M ann  R esearch Laboratories, N ew  York. V itam in  
A palm ita te  (d ry , w ater-d ispersib le), 250,000 USP 
u n its /g .

7 P ersonal com m unication , Dr. J. Carrol.
8 P ackard  In s tru m en t Com pany, LaG range, Illino is.
9 N uclear Chicago Corporation, Des P la ines, Illinois.
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Determination of uronic acid and sul­
fate. T he decalcified m a trix  w as hydro­
lyzed in  2 m l acetate  buffer a t pH  5.5 con­
ta in in g  p ap a in  (0.1 m l /g  of tissue; 2 X 
crystallized p ap a in  suspended  in  0.05 m  
sodium  ace ta te ) 10 fo r 24 hours a t 65°. At 
the end  of th is tim e, the incubations w ere 
p laced in  boiling w a te r fo r 1 m inu te  and  
dialyzed for 72 hours aga in st distilled w ate r 
(10  liters, changed  3 tim es).

R adioactivity of the su lfa te  in  the chon- 
droitin  su lfa te  w as determ ined  by p lacing  
aliquots from  the dialysis bag  con ten ts in  
the scin tilla tion  solu tion  described. The 
am o u n t an d  rad ioactiv ity  of u ronic acid 
w as m easu red  by the m ethod  of B itter and  
M uir (5 ) .

Determination of calcium. Calcium - 
45 w as determ ined  according to the pro­
cedure of C arr and  P arsons ( 6 ) ;  calcium  
in  bone ash  by the m ethod  of B aron and  
Beh (7 ) .

RESULTS

Figure 1 shows the grow th curves for 
v itam in  A-deficient an d  no rm al chicks. At 
least up  to day 18 w hen  the  an im als 
show ed severe a tax ia , there  w as no  differ­
ence in  grow th ra te  and  hence, in  food in ­
take. A fter day 18 deficient b irds began  to 
show a decline in  grow th, bu t it  appeared  
to be m ostly  because of their inab ility  to 
w alk  and  therefo re  to get to the feed. No

10 Sigm a Corporation, St. Louis.

Fig. 1 W eight g a in  of con tro l an d  v ita m in  A-deficient chicks. F u ll line: rep resen ts  
average w eigh t o f 6 con tro l birds. B roken line : each  curve rep resen ts  w eigh ts of 1 
deficient bird.
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experim ents w ere perfo rm ed  on chicks 
a f te r  day 18.

T he d a ta  in  table 2 dem onstrate  th a t 
though  there  w as som e A TP-sulfurylase ac­
tivity  p resen t in  ch ick  liver, b ra in  and  
sp in a l cord, it  w as no t affected by the 
v itam in  deficiency.

W ith  respect to  bone grow th, cursory 
inspection  show ed the  bones of the defici­
en t b irds to be longer an d  w ider, the corti­
cal bone to be g rea ter in  w id th , an d  the 
am o u n t of spongeous bone in  the  epiphysis 
to be greater. Table 3 shows these effects in  
term s of chem ical an a ly s is : deficient bone, 
b u t especially th a t of the skull, h as  a h ig h er 
percen tage of n itrogen  and  a very m uch  
la rg e r am oun t of w a te r th an  no rm al bone. 
It is c lear therefore th a t increased  bone size 
(tab le  3 )  is no t due to increased  deposition 
of inorgan ic  m ateria l (co lum n  3, table 3 ) . 
In  term s of chondro itin  su lfate , also, as 
m easu red  by u ronic acid level, a t least in  
epiphyseal bone, there  is an  increase in  the 
deficient b ird  (tab le  3 ).

F rom  such  sta tic  m easu rem en ts of the 
am o u n t of substances p resen t, we nex t 
tu rn ed  to dynam ic experim ents, in  w hich 
the  m etabolism  an d  incorporation  of sub­
stra tes in  bone w ere studied.

Table 4 shows th a t fo r epiphyseal and  
ca lvarial bone, the energy-yielding reac­
tions of glycolysis an d  the tricarboxylic acid 
cycle take place a t a  h igher ra te  in  the de­
ficient as com pared w ith  no rm al bone. As 
fo r incorporation  of rad ioactive am ino 
acids in to  the bone m atrix  p ro tein  (tab le

TABLE 2
D eterm in a tio n  o f A T P -su lfurylase  a c tiv ity  

in  th e  ch ick

PP fo r m e d /h r /m g  
protein  1

timóles
Liver

C ontrol 1.04 ±  0.15 2-3
V itam in  A-deficient 1 .4 2 ±  0.17 3
Boiled enzym e 0.07 ± 0 .0 1  3

B ra in
C ontrol 0 .5 2 ± 0 .0 8  4
V itam in  A-deficient 0.51 ±  0.12 4

Spinal cord
C ontrol 0.63 ± 0 .0 7  4
V itam in  A-deficient 0.65 ± 0 .0 8  4

1 E ach  va lu e  is  th e m ea n  o f  6 in cu b ation s.
2 s e  o f  m e a n .
3 P va lu e  <  0.1.
4 P  va lu e , not s ign ifican t.
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TABLE 5
C alcium  in  bones o f norm al a n d  v ita m in  A -deficient ch icks  1

Ca in  
ash Radioactivity Specific

activity

% dpm  x 103/g  ash dpm  x 103/m g  Ca
E piphyses ( t ib ia )

Control 34.8 ±  1.7 2-3 4 6 9 2 ± 127 4 13.7
V itam in  A -deficient 38.3 ±  1.2 3 5144 ± 1 4 3  4 13.4

D iaphyses ( t ib ia )
C ontrol 36.7 ±  1.8 5 2968 ± 1 9 8  5 8.3
V itam in  A-deficient 36.9 ±  1.7 5 2 7 8 2 ±  137 5 7.5

C alvaria  (sk u ll)
C ontrol 35.0 ± 1 .9  5 4304 ± 1 4 3  5 12.3
V itam in  A-deficient 32.5 ± 0 .9  5 4143 ± 1 2 5  5 12.8

i« C a C l2 w as in jec ted  in traperito n ea lly  (1 /iC i/35  g body w eight; specific activity , 4 m C i/m g ) 
(N ew  E n g lan d  N uclear C orporation, B oston). A nim als killed after 18 hours.

2 s e  o f  m e a n .
3 P value <  0.01.
4 P value <  0.02.
5 P value, no t significant.

4 ) ,  there  appeared  to be a som ew hat 
g rea ter ra te  of th is process in  the deficient 
bone com pared  w ith  norm al, in  keeping 
w ith  the greater percen tage of n itrogen  
found  in  deficient bone. As fo r collagen, as 
m easu red  by hydroxyproline (tab le  4 ) ,  ne i­
th e r to tal n o r specific activity  showed any 
difference betw een the 2 types of bird.

Labeled su lfa te  w as incorporated  to a 
g rea ter ex ten t in to  deficient bone, a t least 
in  epiphysis (tab le  4 ) ,  in  w hich  type of 
bone there  w as also a sligh t increase in  
calcium  incorporation  (tab le  5 ).

DISCUSSION

The p resen t resu lts strongly suggest tha t, 
a t least in  the chick, the enzym e ATP-sul- 
fury lase is no t involved in  the m etabolic 
func tion  of v ia tm in  A. T here m ay  still be 
such  a func tion  in  the ra t, an d  in  fac t 
even in  the chick a fte r the nervous sym p­
tom s have appeared. However, since the 
birds died shortly  a fte r the appearance  of 
the nervous sym ptom s, th is possibility has 
no t been tested. It should also be borne in 
m ind  th a t there  are species differences in  
the response to v itam in  A; w hereas M orton 
and  Phillips (8 )  found  a great increase in 
liver ub iquinone in  v itam in  A-deficient ra ts , 
th is co-factor did no t increase in  deficient 
chicks ( 9 ) .  T his m igh t also account for the 
fa c t th a t De L uca an d  W olf 11 found  a de­
crease in  su lfa te  incorporation  in to  purified 
chondro itin  su lfate  of ra t  cartilage in  v ita­
m in  A deficiency, w hereas in  the p resen t 
work, we observed an  increase, a t least in  
epiphyseal bone.

Lucy et al. (1 0 ) ,  w orking w ith  chick  
em bryo bone in  organ cu ltu re  in  the p res­
ence of excess v itam in  A, dem onstrated  a 
decreased am o u n t of p ro tein  and  chon­
dro itin  su lfate  in  the bone m atrix . It m igh t 
therefore  be expected th a t the opposite 
effect, an  increase in  p ro tein  and  m uco­
polysaccharide of chick  bone, w ould take 
place u n d e r conditions of the  v itam in  de­
ficiency. T his increase w as actually  ob­
served in  the p resen t work. However, th is 
in te rp re ta tio n  w ould no t be in  agreem ent 
w ith  observations by Dingle et al. (1 1 )  and  
Roels et al. (1 2 )  who show ed th a t a t least 
in  ra t  liver, v itam in  A excess and v itam in  
A deficiency resu lt in  increased  release of 
lysosom al enzym es. It is th is re lease w hich 
is responsible for the dissolution of chick 
em bryo bone (1 3 ) .

However, a recen t repo rt by W o lk e 12 
dem onstrates a decrease in  epiphyseal bone 
tissue and  reduction  in  bone leng th  and  
w eight, all due to decreased osteoblastic 
activity tak ing  p lace as a re su lt of hyper- 
vitam inosis A in  the pig. M oreover, this 
au th o r found  an  increased  bone-ash-to-ni- 
trogen ra tio  and  decreased organic m a tte r, 
both  tru ly  the opposite of ou r findings in  
hypovitam inosis A.

T he increase in  oxidation of acetate  in  
v itam in  A-deficient bone is in  ag reem ent 
w ith  the d a ta  of De L uca et al. (1 4 )  w ho 
noted  greater tricarboxylic acid oxidation

11 U npublished results.
12 W olke, R. E. 1966 The osseous pathology of 

porcine hypervitam inosis A. Thesis. U niversity  of 
C onnecticut.
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activity in  m itochondria  of v itam in  A-de- 
ficient ra t  liver.

T he resu lts  of the p resen t w ork were 
som ew hat unexpected  in  view of the p re ­
cise an d  w ell-docum ented dem onstration  
by W olbach and  H egsted (2 )  th a t v itam in  
A deficiency causes re ta rd a tio n  of bone 
grow th in  chicks and  in  view of the  hy­
pothesis of one of us th a t the v itam in  de­
ficiency decreases su lfa ted  m ucopolysac­
charide synthesis (1 ) ,  as w as in  fac t 
observed in  the r a t . 13 T he p resen t resu lts 
of increased  w eights, w a te r con ten t and  
n itrogen  con ten t of deficient bones w ould 
poin t to increased bone cells or m atrix . 
T here is no doubt th a t the deficient bones 
have increased  m etabolic activity, a p h e­
nom enon generally  associated  w ith growth. 
Perhaps the  d iscrepancy  m igh t be ex­
plained by postu la ting  re ta rd a tio n  of bone 
grow th a t the sam e tim e as an  increase of 
in terce llu la r m atrix . H owever, a t least in  
the epiphyses of tibia, we observed a slight 
increase in  calcification caused  by the  de­
ficiency.

It appears th a t the very clear-cut h isto ­
logical findings of W olbach and  H egsted
(2 ) ,  dem onstrating  th a t the cause of n e r­
vous sym ptom s is com pression due to bone 
grow th re ta rd a tio n , m ay  have to be m odi­
fied by b iochem ical findings no t incom pa­
tible w ith  som e fo rm  of bone overgrowth.
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Effect of Low Environmental Temperature on the 
Metabolism of Vitamin A  (Retinol) * 1 in the Rat
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A B ST R A C T  T he effects of low  en v iro n m en ta l tem p era tu re  on  liver v ita m in  A 
u tiliza tio n  of ra ts  w ere exam in ed  a f te r  two, fo u r a n d  six w eeks of exposure a t 5°. 
T otal liv e r v itam in  A levels w ere u n ch an g ed . T he w eigh t g a in  of an im als a t  5° w as 
alw ays less th a n  the  w eigh t ga in  a t 25°. A n in creased  u tiliza tio n  of v ita m in  A w as 
in d ica ted  i f  th e  u tiliza tio n  of th e  v ita m in  w as expressed  as a  ra tio  of th e  a m o u n t of 
v ita m in  A rem oved fro m  th e  liver to th e  w e igh t ga in  of th e  an im al. T he increase  in  the  
v ita m in  A depletion  ra tio  observed in  th e  4-week cold-exposed ra ts  w as abolished by 
ad m in is tra tio n  of th io u rac il a t a  level o f 0.1%  in  the  diet. An in creased  req u irem en t 
fo r v ita m in  A in  th e  cold w as in d ica ted  by th e  reduced  su rv iva l tim e of v itam in  
A-deficient ra ts  exposed to cold. In  add ition , a t lea s t 20 tim es m ore re tino ic  acid  w as 
n ecessary  to m a in ta in  g row th a n d  su rv iv a l in  th e  cold th a n  a t 25°.

A recen t study by Phillips (1 )  ind icated  
th a t th e  h epa tic  storage and  the  ra te  of 
m etabolism  of orally adm in istered  re tiny l 
ace ta te  w ere unaffec ted  by environm enta l 
tem pera tu re , thus suggesting  th a t p ro­
longed exposure to cold did no t increase 
the v itam in  A requ irem ent. This w as in  
co n trast w ith  the earlier studies of Ershoff
( 2 )  w ho noted  decreased survival tim es 
of v itam in  A-deficient ra ts  a t low environ­
m en ta l tem pera tu res (3°) and , accordingly, 
concluded th a t the v itam in  A requ irem en t 
w as increased  by prolonged exposure to 
cold. In  a  subsequen t study  on the effect 
of graded doses of re tiny l pa lm ita te  on the 
resistance to low env ironm enta l tem pera­
tu res, E rshoff (3 )  reported  th a t an  average 
daily in take  of 0.9 ug of re tiny l palm ita te , 
w hile sufficient fo r grow th and  survival 
u n d e r room  tem peratu re  conditions, w as 
no t adequate fo r m ain ten an ce  in  the cold 
( 2 ° ) .  M ore recently , P orter and  M asoro
( 4 )  showed th a t cold-acclim ated ra ts  
stored  less v itam in  A in  the liver th a n  ra ts  
acclim ated to 25° w hen  fed  a diet low in  
v itam in  A w ith  weekly supplem entation  
of v itam in  A.

T he increased  m etabolic activity  ob­
served during  cold stress suggests a possi­
ble in terre la tionsh ip  of the thyroid and  
v itam in  A u tiliza tion  w hich h as  been 
stud ied  in  the ra t  by several investigators. 
Johnson  and  B aum ann  ( 5 )  observed th a t 
a f te r  feed ing  caro tene orally, liver storage

of v itam in  A w as depressed in  hypothy­
roidism  and  increased  in  hyperthyroidism . 
U nder sim ilar conditions, no effect w as 
observed w hen  p refo rm ed  v itam in  A w as 
fed. In  a  subsequent study, how ever, 
Johnson  and  B au m an n  (6 )  show ed th a t 
the depletion of v itam in  A from  the liver 
depended n o t only upon  the basa l m e ta ­
bolic ra te  b u t also upon  the grow th ra te . 
R estricted  grow th h ad  a m ore pronounced 
effect on re ta rd in g  the depletion of liver 
v itam in  A th a n  increased  thyroid  activity 
h ad  on increasing  the depletion of v itam in
A.

In  an  a ttem p t to resolve som e of the 
conflicting reports, the effect of cold ex­
posure on v itam in  A u tiliza tion  w as in ­
vestigated. In  view of the possible thyroid 
in terre la tionsh ip , the  effect of feed ing  th io­
u rac il a t a level of 0.1%  in  the  diet (6 )  
on v itam in  A u tiliza tion  in  the cold w as 
also studied. Since retinoic acid h as  been 
show n to possess h igh  biological activity 
w ithou t being reduced  to re tino l in  vivo
( 7 ) ,  a c u rren t view is th a t re tino ic acid is 
the p recurso r of, or is itself, the system -

Received fo r pub lication  F ebruary  20, 1967.
1 T he specific te rm s re tino l, re tin y l acetate  and  

re tino ic  acid  are  used  in  place of v itam in  A alcohol, 
v itam in  A acetate  an d  v itam in  A acid, respectively. 
The te rm  v itam in  A, w hen  i t  appears, is  used  to in d i­
ca te  to ta l re tin y l esters an d  retinol.

2 T his investigation  was carried  ou t w hile  P. R. 
S undaresan  w as a N atio n a l Academ y of Sciences — 
N atio n a l R esearch C ouncil V isiting S cientist a t the 
U. S. Army R esearch  In stitu te  of E nv iro n m en ta l 
M edicine.

4 7 4 J. N u tritio n , 9 2 : ’67
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ically “active” fo rm  of v itam in  A (8 , 9 ). 
Accordingly, in  survival studies on cold 
exposure, graded doses of re tinoic acid 
w ere adm in istered  to v itam in  A-deficient 
ra ts.

METHODS AND MATERIALS

Male, w ean ling  albino ra ts  of the Holtz- 
m an n  stra in , w eighing betw een 40 to 50 g, 
were fed  ad lib itum  th roughou t all experi­
m ents a purified v itam in  A free-diet ( table 
1 ). A fter approxim ately  4 w eeks, w hen  
the ra ts  h ad  reached  a p la teau  in  w eight 
(2 0 0 -2 4 0  g ) , re tiny l acetate  in  an  oil solu­
tion w as adm in istered  orally (0 .1  m l)  by 
syringe daily u n til a to tal of about 2200 ng 
of re tiny l acetate  h ad  been given. T he ra ts  
w ere th en  divided in to  3 groups. One 
group served as zero-tim e controls and  w as 
killed a t the beg inn ing  of the experim en tal 
period. A nother group w as kept a t 5°, 
and  the rem ain in g  group a t 25°. T hree 
experim ents w ere conducted  w ith  th is de­
sign. In  experim en t 1, one-half of the 
ra ts  from  both experim en tal groups w ere 
killed a t the end  of 2 weeks. T he re ­
m ain d er w ere killed a t the  end  of 4 weeks. 
In  experim en t 2, the anim als in  both ex­
p erim en ta l groups w ere killed a t the end

TABLE 1
C om position  o f th e  v ita m in  A -free d i e t 1 used  

in  th e  d iffe ren t exp erim en ts

C asein  1 2 3 4 5 3 (a lco h o l-ex trac ted )
%

18
Purified  d ex trin  3 62.8
Sucrose 10.0
C ottonseed oil 4 5.0
Salt m ix tu re  446 5 4.0
C holine chloride 0.2

1 The v itam in  A-free d iet also con tained  the  follow ­
ing  v itam ins p er k ilogram  of d iet: ( in  m illig ram s) 
th iam ine'H C 1, 3; riboflavin, 15; n iac in , 100; Ca p an ­
to thenate , 40; pyridox ins HC1, 6.0; biotin , 0.6; folic 
acid, 4.0; m enadione, 4.0; v itam in  B 12 (0.1%  tr itu ­
ra te d ) , 50; ¿-inositol, 20; p-am inobenzoic acid , 6; 
v itam in  D2 (400,000 IU /g ) ,  6.2; a-tocopheryl acetate 
beadlets (2 5 % ), 600.5; an d  ascorbic acid  1000 (15, 
16).

2 V itam in-Free Test C asein (G eneral B iochem icals, 
Inc., C hagrin  Falls, O hio) w as ex tracted  w ith  acidified 
e thano l fo r 24 hours an d  dried  a t  50° fo r 6 hours 
before use.

3 O btained from  G eneral B iochem icals, Inc.
4 W esson Oil, W esson Sales C om pany, Fu llerton , 

C alifornia .
5 E ach  100 g of the  sa lt m ix tu re  supplied: ( in

g ram s) sodium  chloride, 10.8088; potassium  citra te , 
23.6888; po tassium  phospha te  (d ib as ic ) , 7.7332; ca l­
cium  phospha te  (d ib as ic ) , 35.5554; ca lc ium  carbonate , 
16.3554; m agnesium  carbonate , 4.0888; iro n  c itrate , 
1.5998; copper su lfa te , 0.0178; m anganous su lfate , 
0.1245; po tassium  a lum inum  su lfate , 0.0009; potas­
sium  iodide, 0.0004; cobaltous chloride, 0.0009; zinc 
carbonate, 0.0004; a n d  sodium  fluoride, 0.0001 (ob­
ta in ed  from  G eneral B iochem icals, Inc., C hagrin  Falls, 
Ohio).

of 6 weeks. In  experim en t 3, the ra ts  in  
both groups, a f te r receiving the v itam in  
A-free diet fo r 2 weeks, w ere fed 0.1% 
th iouracil incorporated  in to  the v itam in  
A-free diet. A fter 2 weeks of thiouracil- 
feeding, the ra ts  w ere killed.

T he effect of cold exposure on retinoic 
acid requ irem en t w as assessed in  experi­
m en t 4. V itam in A-deficient ra ts  w ere di­
vided in to  9 groups. Six groups w ere held 
a t 5° an d  th ree w ere m a in ta in ed  a t 25°. 
T he ra ts  a t 5° w ere in jec ted  daily in tra- 
peritoneally  w ith 2.5, 5, 10, 50 or 100 ug 
of re tinoic acid in  0.1 m  phosphate  solu­
tion  (pH  ad justed  to 10 .2 ), and  ra ts  at 
25° w ere in jected  daily w ith  2.5 or 5 ag 
of re tinoic acid. T he in jection  of retinoic 
acid w as con tinued  fo r 30 days or un til 
d ea th , w hichever occurred  sooner. Two 
groups of anim als th a t w ere n o t given 
re tino ic acid served as controls a t each  en­
v ironm en ta l tem perature .

Analysis. All an im als in  experim ents 
1, 2 and  3 w ere decapitated . The livers 
w ere rem oved, dried  by g rind ing  w ith 
N a2S 0 4 and  ex tracted  3 tim es w ith  petro­
leum  ether. T he petro leum  e th er ex trac t 
w as evaporated  to dryness u n d er vacuum  
and  m ade up to volum e in  cyclohexane 
fo r the determ ina tion  of v itam in  A ester 
by the  3-point correction  m ethod  of C am a 
et al. (1 0 )  an d  fo r a gravim etric  de term in ­
ation  of to tal lipid.

Retinyl acetate supplement. P ure all- 
trans re tiny l acetate  3 w as dissolved in  a 
solution of petro leum  ether-acetone (4 :1 ,  
v /v ) .  To th is m ix tu re , 30 m l of cottonseed 
o i l4 and  150 m g of a-tocopheryl acetate  5 
w ere added an d  m ixed thoroughly. The 
solvent w as evaporated  u n d er vacuum  in 
a R inco ro tary  evaporator. T he concen tra­
tion of re tiny l acetate w as determ ined  spec- 
trophotom etrically . The two oil solutions 
p repared  contained  in  0.1 m l, 252 ug and  
363 ag of re tiny l acetate, respectively.

RESULTS AND DISCUSSION

T he resu lts  of analysis fo r to tal v itam in  
A and  to tal lipid in  liver as well as the 
an im al w eight gains a t 5° an d  25° are 
p resen ted  in  table 2. T here w as no  sig-

3 D istilla tion  Products Industries, Rochester, New 
York.

4 W esson oil, W esson Sales C om pany, Fu llerton , 
C alifornia .

5 N u tritio n a l B iochem icals Corporation, Cleveland.
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TABLE 2
E f f e c t  o f  e n v i r o n m e n t a l  t e m p e r a t u r e  o n  t o t a l  v i t a m i n  A  a n d  l i p i d  i n  l i v e r  a n d  o n  w e i g h t

g a i n s o f  r a t s g i v e n  r e t i n y l  a c e t a t e o r a l l y

Exp.
no.

Days
afte r

supple­
m en ta tion

Tem pera­
tu re

No. of 
ra ts

Total
liver
lip id

Total
v itam in
A /liver

T ota l 
w t ga in

% l i v e r  w t H9 9
i  * 0 25° 4 2 .3 2 ± 0 .1 1  2 1 2 1 0 ±  75 —

14 25° 6 2.29 ± 0 .1 2 992 ± 8 2 3 8 .2 ±  3.3
5° 4 2.15 ± 0 .1 4 894 ± 1 5 2 — 2 ± 1 4 .4 3

28 25° 6 2.35 ± 0 .0 8 981 ± 5 4 68.3 ±  9.1
5° 5 2.17 ±  0.10 921 ± 3 4 19.8 ±  3.8 3

2 4 0 25° 4 1 .9 0 ± 0 .1 0 1 3 5 0 ± 4 6 —

42 25° 6 2.60 ± 0 .2 4 1 0 0 9 ± 2 1 140.3 ±  13.1
5° 5 2.43 ± 0 .3 0 1 0 5 0 ± 2 1 80.2 ±  6.2 3

3 4-5 0 25° 4 2.18 ± 0 .2 2 1427 ± 6 1 —

28 25° 6 2.13 ± 0 .1 4 1 1 1 2 ±  56 88.8 ±  6.2
5° 6 1.69 ± 0 .0 7  3 1161±  68 60.8 ± 1 9 .2

1 252 fig  re tin y l acetate adm in istered  daily  fo r 9 days.
2 s e  o f  m e a n .
3 V alues w ith  superscrip t 3 are significantly  d ifferent from  experim ental an im als a t 25° a t P <  0.05; S tuden t's 

t  test.
4 363 fig  re tin y l acetate adm in istered  daily  fo r 6 days.
3 T hiouracil adm in istered  a t a level of 0.1% of d iet from  day 14 to 28.

nifican t difference in  to tal liver v itam in  A 
levels or to tal lipids in  livers of ra ts  ex­
posed to 5° fo r two, fou r or six weeks com ­
pared  w ith  th e ir respective experim ental 
controls m a in ta in ed  at 25°. ffow ever, the 
w eight gains of ra ts  at 5° w ere significantly  
less th an  those a t 25° a f te r two, four or six 
weeks of exposure to the environm enta l 
tem pera tu re  (exps. 1 and  2, table 2; P <  
0 .0 5 ).

Johnson  an d  B aum ann  (6 )  have re ­
ported  th a t ra ts  w ith  a decreased grow th 
ra te  (induced  either by restric ted  caloric 
in take or by feed ing  diets low in  th iam ine 
or try p to p h an ) re ta in ed  h ig h er am ounts of 
v itam in  A in  the liver th an  those th a t grew 
well. I t  w as also show n th a t in  ra ts  of 
un ifo rm  size, the am ounts of v itam in  A 
re ta in ed  varied  inversely  w ith  the m eta­
bolic ra te . Since exposure of ra ts  to 5° 
causes a tw ofold increase  in  m etabolic ra te
(1 1 ) ,  ra ts  exposed to 5° m igh t th en  be 
expected to have a  greater depletion of 
v itam in  A th a n  corresponding 25° con­
trols. A lthough the to tal v itam in  A levels 
in  the liver of ra ts  exposed to 5° did no t 
differ significantly  from  those a t 25° in  
our experim ents (exps. 1 and  2 ) ,  it  is pos­
sible th a t the decreased ra te  of grow th of 
ra ts  in  the cold, w ith  its  re ta rd in g  effect 
on v itam in  A u tilization , m igh t have coun t­
eracted  the u tiliza tion  of the v itam in  pro­
m oted  by the  elevated m etabolic ra te .

W e can  possibly explain  the effects of 
grow th and  cold exposure on the u tiliza ­
tion of v itam in  A if we adopt the m ethod  
of N ir an d  A scarelli (1 2 )  w hereby the 
u tiliza tion  of v itam in  A is expressed as a 
ra tio  of v itam in  A rem oved from  the liver 
to w eight gain  (deple tion  ra tio ) . C alcu­
lated  in  th is m an n er, we obtain  m ean  
ratios of 3.6 ±  0.8 and  2.5 ±  0.2 (25° 
g roup) and  17.3 ±  5.0 and  3.8 ± 0.3 (5 °  
g roup) a f te r  4- and  6-week experim en tal 
periods, respectively. T he differences be­
tw een the m ean  depletion ratios of the 
25° and  5° groups fo r the 4- and  6-week 
experim en tal periods w ere statistica lly  sig­
n ifican t ( P < 0 .0 5 ) .  I t is no t possible to 
ca lcu late the m ean  depletion ra tios fo r the 
2-week exposed an im als because of the 
negative w eight change in  the cold-ex­
posed group. A lthough quan tita tive com ­
parisons canno t be m ade, exam ina tion  of 
the resu lts  shows qualitatively  a large d if­
ference betw een the 25° an d  5° groups in  
the  2-week exposed an im als. T hus, we 
observe th a t there  is an  increase in  v ita­
m in  A depletion from  the liver p er gram  
w eight gain in  the groups exposed to 5° 
fo r fou r an d  six weeks.

It is possible th a t v itam in  A u tiliza tion  
is re la ted  to the increased  thyroid  activity 
du ring  cold exposure, since it  is know n 
th a t the activity of the ad renals and  thy­
roid g land increases during  cold exposure
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TABLE 3
E ffe c t o f graded a m o u n ts  o f re tino ic  acid  on surv iva l o f rats a t 5° and  25° (exp. 4)

Tempera­
ture

Amount
injected

daily
No. of 

rats
Initial 

body wt
30-day 

body wt 
gain i

No. of 
survivors

5°
M-9
0 5

9
221.4 ±  15.6 2 0 /5

2.5 5 212.2 ±  7.4 — 0 /5
5.0 5 213.4 ±  6.3 — 0 /5

10.0 6 1 9 4 .0 ±  11.5 — 1 /6
50.0 6 195.1 ±  9.2 — 0 /6

100.0 4 237.5 ± 1 9 .4 14.0 2 /4

25° 0 5 220.6 ±  6.4 - 3 8 .0 2 /5
2.5 5 212.0 ±  7.5 - 6 0 .0 3 /5
5.0 5 2 0 8 .2 ± 2 1 .7 25.5 4 /5

1 Of surviving animals.
2 se  o f m e a n .

(13 , 14 ). To elim inate  the effect of the 
increased  thyroid activ ity  during  cold ex­
posure, th iourac il was adm in istered  to both 
env ironm enta l tem pera tu re  groups a t a 
level of 0.1%  of the v itam in  A-free diet 
from  day 14 to 28 of the experim en tal 
period. The resu lts  are p resen ted  in  ex­
perim en t 3 (tab le  2 ) . The d a ta  show th a t 
the to tal liver v itam in  A levels a t 5° did 
not differ from  those a t 25°. Also, the 
w eight gains in  anim als a t 5° w ere no t sig­
nifican tly  d ifferen t from  those at 25°. The 
to tal liver lipids w ere significantly  low er 
in  the th iouracil-treated  cold-exposed an i­
m als th a n  in  those a t 25° (P  <  0 .05 ). 
W hen the m ean  depletion ratios are cal­
culated , there  is no difference betw een the 
2 groups (3 .8  ±  0.9 for 25° and  2.9 ±
1.2 fo r 5 ° ) . T hus, adm in istra tion  of th i­
ouracil appears to have abolished the in ­
crease in  the m ean  depletion ratio  prev i­
ously observed in  the 4-week cold-exposed 
group (2 .9  w ith  th iouracil com pared w ith 
17.3 w ithou t th io u rac il) , though th iouracil 
does no t a lte r the to tal v itam in  A levels in 
the liver (exp. 3, table 2 ) .

T he resu lts  on the survival of v itam in  
A-deficient ra ts  in jec ted  w ith  different 
levels of re tinoic acid are p resen ted  in  table
3. It is evident th a t survival a t 5° is m ark ­
edly affected in  ra ts  deficient in  v itam in  A. 
W ithou t re tinoic acid supplem entation , 
there  w ere no  survivors a t 5°, and  2 ra ts  
still survived a t 25° du ring  the 30-day ex­
p erim en ta l period. At least 100 ag of 
re tinoic acid w as found  necessary  fo r su r­
vival and  grow th a t 5° w hereas approxi­
m ately  5 ag of re tinoic acid w as sufficient

for survival and  grow th at 25°. T he 2 
ra ts  at 5° gained an  average of 14 g in  
w eight, and  the 4 ra ts  a t 25° gained an  
average of 25.5 g in  w eight du ring  the 30- 
day experim en tal period. T hus, it  is clear 
from  the foregoing experim en t th a t the 
requ irem en t fo r re tinoic acid is m arkedly  
increased  during  cold exposure.

E rshoff (3 )  has show n a daily oral re ­
qu irem ent fo r 0.9 ug of v itam in  A fo r ra ts  
at room  tem peratu re  and  1.7 ug fo r ra ts  
m ain ta in ed  in  the cold. B ecause these re- 
q irem ents fo r v itam in  A are so m uch  less 
th an  those we found  fo r re tino ic acid, the 
resu lts  for the retinoic acid requ irem en t 
m ay no t be d irectly  applicable to v itam in  
A w hich is the p recu rso r of re tinoic acid. 
Retinoic acid is no t reduced  to re tino l and 
presum ably  no t to re tin a l ( 7 ) ,  b u t can  be 
converted irreversibly to a m etabolite  w ith  
considerable biological activity (9 ) .  I t m ay 
be th a t re tino ic acid does no t fulfill all 
the functions of v itam in  A d u ring  acclim a­
tion to cold exposure, particu la rly  w ith 
respect to the thyroid an d  the  regu la tion  
of thyroxine secretion. F u rth e r study  of 
the in terre lationsh ip  betw een thyroid  fu n c ­
tion and  v itam in  A is needed to afford a 
logical explanation .

O ur resu lts  ind icate th a t the  requ ire­
m en t fo r re tinoic acid an d  the u tiliza tion  
of v itam in  A are increased  during  cold 
exposure w hen  u tiliza tion  of the v itam in  
is expressed as depletion of v itam in  A 
from  the liver p er u n it body w eight gain. 
These observations are supported  by those 
of Johnson  and  B aum ann  (6 )  an d  N ir 
and  A scarelli (1 2 ) .



478 P. R. SUNDARESAN, V. G. W I N T E R S  A N D  D. G. T H ER RI AU LT

LITERATURE CITED

1. P h illip s , W . E. J. 1962 L ow -tem perature  
en v iro n m en ta l stress a n d  the  m etabo lism  of 
v ita m in  A in  th e  ra t. C an. J. B iochem . P h y s­
iol., 40: 491.

2. E rshoff, B. H. 1950 E ffects of p ro longed 
exposure to cold on th e  v ita m in  A req u ire ­
m en t o f the  ra t. Proc. Soc. Exp. Biol. Med., 
74: 586.

3. E rshoff, B. H. 1952 E ffects o f v ita m in  A 
m a ln u tr itu re  on  re sis tan ce  to stress. Proc. 
Soc. Exp. Biol. M ed., 79: 580.

4. P o rte r, E., an d  E. J. M asoro 1961 Effect 
of cold acc lim ation  on v ita m in  A m etabolism . 
Proc. Soc. Exp. Biol. Med., 108: 609.

5. Johnson , R. M., and  C. A. B a u m a n n  1947 
T he effect o f thyro id  on th e  conversion  of 
caro tene  in to  v ita m in  A. J. Biol. C hem ., 171: 
513.

6. Jo h n so n , R. M., an d  C. A. B a u m a n n  1948 
R elative significance of g row th a n d  m etabolic  
ra te  upo n  the  u tiliza tio n  of v ita m in  A by the  
ra t. J . N u tr., 35: 703.

7. A rens, J. F., an d  D. A. V an D orp 1946 
Biological ac tiv ity  o f v itam in  A acid. N a ­
tu re , 158: 622.

8. Dow ling, J. E ., an d  G. W ald  1960 The 
b iological fu n c tio n  of v ita m in  A acid. Proc. 
N at. Acad. Sci., 46; 587.

9. Y agish ita , K., P . R. S u n d aresan  a n d  G. W olf 
1964 A biologically  active m etabo lite  of 
v ita m in  A an d  v ita m in  A acid. N a tu re , 203: 
410.

10. C am a, H. R., F . D. Collins an d  R. A. M orton 
1951 Studies in  v ita m in  A. 17. Spectro­
scopic p roperties o f a ll-iran s v ita m in  A an d  
v ita m in  A aceta te. A nalysis of liver oils. 
B iochem . J., 50: 48.

11. Sellers, E. A., a n d  S. S. You 1950 Role 
o f th e  thy ro id  in  m etabolic  responses to a 
cold  en v iro n m en t. Am er. J . Physio l., 163: 
81.

12. N ir, I., a n d  I. A scarelli 1966 E ffect of 
d ie ta ry  p ro te in  level a n d  th y rox ine  on  v ita ­
m in  A dep letion  from  liver in  ch icks. B rit. 
J. N u tr., 20: 41.

13. Sayers, G. 1950 T he ad ren a l cortex  and  
hom eostasis. Physiol. Rev., 30; 241.

14. Sellers, E. A. 1957 A daptive and  re la ted  
p h en o m en a  in  ra ts  exposed to cold. Rev. Can. 
Biol., 16: 175.

15. L ak sh m an an , M. R., F. B. Ju n g a lw a la  and  
H. R. C am a 1965 M etabolism  a n d  bio­
logical po tency  of 5,6-m onoepoxy v ita m in  A 
aldehyde in  the  ra t. B iochem . J., 95: 27.

16. M alath i, P., a n d  J. G anguly  1964 Studies 
on  m etabo lism  of v ita m in  A. 7. Lowered 
b iosynthesis o f ascorbic acid  in  v ita m in  A- 
defic ient ra ts . B iochem . J., 92: 521.



Separation of Soybean Whey into Fractions with 
Different Biological Activities for Chicks and Rats * 1

W ALTHER SA M B ETH ,2 M. C. N ESK EIM  a n d  J. A. SERAFIN 
D ep a rtm en t o f P oultry  Science a n d  G raduate School o f  N u tritio n , 
Cornell U niversity , Ithaca , N ew  Y o rk

A B S T R A C T  U sing  a  b a tc h  frac tio n a tio n  p rocedure  on  DEAE cellulose, 4  frac tio n s 
of soybean w hey w ere p rep ared  an d  stu d ied  fo r b iological ac tiv ity  w ith  ch icks a n d  ra ts . 
All frac tio n s  p re p are d  h a d  try p sin  in h ib ito r  activ ity  b u t  h em ag g lu tin in  activ ity  a n d  
in tra p e rito n ea l tox ic ity  fo r ra ts  w as co n cen tra ted  in  one frac tio n . The frac tio n s differed 
in  re la tiv e  s tim u la tio n  o f th e  p a n c re as  o f ch icks to en la rg e  a n d  th e  gallb ladder to 
co n trac t. D ifferences w ere also no ted  am ong  th e  frac tio n s in  th e ir  effects on ch ick  
grow th , f a t  abso rp tion  a n d  d ie ta ry  m etabolizab le  energy  value . M any of th e  effects 
cau sed  by th e  soybean frac tio n s  ap p eared  to be re la ted  to several com ponents ra th e r  
th a n  to one specific frac tio n .

The influence of heat-labile facto rs p re­
sent in  defa tted  soybeans on an im als con­
sum ing  them  has long been recognized 
and  extensively studied. M ickelson and  
Yang ( 1 )  have m ost recently  published 
an  extensive review  of w ork on th is  sub­
ject. Several investigato rs have show n th a t 
com ponents of the soybean responsible for 
m any  of the  effects in  an im als can  be con­
cen tra ted  in  the  w ater-soluble, non-dialyz- 
able portion , n o t précip itable a t approxi­
m ately  pH  4 ( 2 - 4 ) .  This portion  of the soy­
bean , usually  re fe rred  to as soybean w hey, 
is  know n to consist of m any  separa te  com ­
ponen ts w hich possess such  activity  as in ­
h ib ition  of trypsin  an d  chym otrypsin , he­
m agg lu tina tion , and  several enzym e ac­
tivities. A lthough several com ponents w ith 
these in  vitro  activ ities have been iso lated  
from  the w hey, th e ir re la tionsh ip  to the 
physiological effects observed in  an im als 
fed  the w hey h as  no t been extensively in ­
vestigated. S eparation  of frac tions of w hey 
by chrom atography  on DEAE-cellulose col­
um ns h as  been accom plished by R ackis et 
al. ( 5 )  and  by S tead e t al. ( 6 ) ,  who 
showed th a t com ponents of the w hey dif­
fered  in  th e ir in trap e rito n ea l toxicity to 
ra ts.

In  recen t stud ies in  our laboratory , Gar- 
lich  and  N esheim  (3 )  w ere able to show 
th a t w hen  soybean w hey w as fed  a t a low 
level ( 1 .2 % )  to chicks, grow th, fa t  ab­
sorption an d  m etabolizable energy w ere 
depressed and  the  pancreas  w as en larged, 
com pared w ith  sim ilar m easu rem en ts  in

chicks fed  a d iet con ta in ing  hea ted , defa t­
ted soybeans. Two frac tio n s of w hey p re­
pared  by a ba tch  frac tio n a tio n  m ethod  
show ed som ew hat different biological ac­
tivities. In  addition , these frac tions d if­
fered  in  trypsin  inh ib ito r and  h em agg lu tin ­
ation  activity.

The batch  frac tio n a tio n  procedure ap­
peared  to be u sefu l fo r p rep ara tio n  of 
quan tities of w hey frac tions sufficient to 
fully  evaluate  the biological ac tion  of com ­
ponen ts of soybean whey. The p resen t 
p aper describes the developm ents of th is 
procedure using  DEAE-cellulose to p repare 
4 frac tions of soybean w hey, w hich  w ere 
tested  fo r biological activity w ith  chicks 
and  ra ts . M easurem ents w ere m ade of sev­
era l physiological effects know n to be 
caused by defa tted  raw  soybeans in  an  a t­
tem pt to determ ine w he th e r specific com ­
ponen ts of the w hey w ere responsible fo r 
the various effects observed.

EXPERIM ENTAL

Fractionation procedures. D uring  sev­
era l years of study of facto rs p resen t in  de­
fa tted  soybeans, considerable varia tion  in  
biological activity of various soybean p rep­
arations h as  been observed. T his appar-
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1 T h is investigation  w as supported  in  p a r t  by a 
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ently  w as largely  due to varia tions in  h ea t 
trea tm e n t in  defatting , rem oving solvent, 
or in  drying the  soybeans. Special care w as 
taken , therefore , to select a good source of 
soybeans for these studies. Several differ­
en t sources of beans w ere tested  for th e ir 
n itrogen  solubility by the  m ethod  of Ly­
m a n  e t al. ( 7 ) ,  to detect any  possible h ea t 
trea tm en t th a t h ad  been given to the soy­
beans. Soybeans of the Horasoy-63 variety  
pu rchased  from  the 1965 crop of a n  Illi­

nois fa rm  shortly  a fte r harvest, w ere used. 
The finely ground soybeans w ere defatted  
by ex trac tion  of 4-kg batches fo r 24 hours 
w ith  60 to 70° petro leum  e th e r in  a large 
m odified Soxhlet-type ap para tus. T he resid ­
u a l fa t w as about 0.5 to 0.8%  of the m eal. 
The condensed solvent w as cooled to about 
55° by a cooling coil before com ing in to  
con tac t w ith  the soybeans. Soybean w hey 
w as p repared  from  these soybeans using  
a m ethod  sim ilar to th a t developed by Gar-

SOYBEANS

G rind; ex trac t 
w ith hexane

i
Lipids

(d isca rd )
Soak 1: 

press

Solids
(d isc a rd )

W ater-soluble
frac tion

A djust to pH 4.4; 
decan t

Slurry S u p ern a tan t

F ilter through  Celite

P recip ita te
(d iscard )

F iltrate

Combine

A djust to pH 8.0; 
decan t
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F ilter through  Celite

-------- 1
S u pernatan t

P recip ita te
(d isc a rd )

F iltra te
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Add 2 voi acetone

S u p ernatan t
(d isca rd )

P recip ita te

Dialyze;
centrifuge

Precip ita te  
( d isc a rd )

1
S u p ernatan t

Lyophilize

SOYBEAN
WHEY

Fig. 1. P rocedure  follow ed to p rep are  dialyzed w hey solids used  fo r fu r th e r  fractiona tion .
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lieh  and  N esheim  (3 ) .  The outline of the 
w hey p rep ara tio n  is show n in  figure 1. Be­
fore dialysis, w hey p ro teins w ere precip i­
ta ted  by acetone to reduce the q uan tity  of 
m ateria l to be dialyzed. The w hey solids 
recovered from  this frac tio n a tio n  proce­
dure rep resen ted  about 1.2% of the orig­
ina l defa tted  soybeans.

The batch  frac tio n a tio n  m ethod  of Gar- 
lich  and  N esheim  (2 )  w as used. Three 
hun d red  gram s of DEAE-cellulose w ere sus­
pended in  w a te r and  ad justed  to pH  7.6 
w ith sa tu ra ted  KH2P 0 4. The cellulose w as 
poured onto a large B üchner fu n n e l (32- 
cm  d iam eter) and, w ith  the  aid of vacuum , 
w ashed  w ith  several lite rs  of 0.01 m  pH
7.6 phosphate  buffer. Seventy-five gram s 
of soybean whey w ere dissolved in  0.01 m  
pH  7.6 phosphate  buffer an d  poured into 
the B üchner funne l. T he packed fun n e l 
was w ashed w ith  phosphate  buffer un til the 
p ro tein  con ten t of the effluent (8 )  de­
creased to below 30% of the m ax im al 
value. T he whole effluent con ta in ing  pro­
te in  w as pooled an d  called frac tio n  I. F rac­
tion II w as elu ted  from  the B üchner fu n n e l 
w ith 0.034 m  N aCl in  pH  7.6 0.01 m  phos­
phate  buffer. The first 2 lite rs  of th is ef­
fluent w ere d iscarded  since the pro tein  con­
ten t w as relatively  low and  appeared  to be 
m ade up  of com ponents of frac tio n  I. The 
B üchner fu n n e l con ta in ing  the cellulose 
and  w hey p ro tein  w as w ashed  w ith  the 
e luen t u n til the p ro tein  con ten t of the ef­
fluent decreased to a low value. The fun n e l 
con ta in ing  the rem ain in g  w hey p ro teins on 
DEAE-cellulose w as trea ted  w ith  the phos­
phate  buffer con ta in ing  0.13 and  0.17 m  
NaCl in  a m a n n e r sim ilar to th a t used to 
obtain  frac tio n s III and  IV. An a ttem pt 
w as m ade to recover a fifth  frac tio n  by us­
ing  0.25 m  N aC l in  buffer as a fu rth e r 
w ash, bu t th is  e lu ted  only a sm all am ount 
of additional m ateria l th a t h a d  a ch rom a­
tographic behavior sim ilar to frac tio n  IV.

A sum m ary  of the  b a tch  frac tio n a tio n  of 
the soybean w hey is show n in  table 1. The 
effluents m ak ing  up  each  frac tio n  w ere 
dialyzed aga in st freq u en t changes of dis­
tilled HaO a t 4° u n til no chloride ion  could 
be detected  in  the dialysis w ater. This 
usually  requ ired  48 hours. A fter dialysis 
the effluents m ak ing  u p  the 4 frac tions 
w ere cen trifuged  and  the  su p ern a tan ts  
frozen an d  lyophilized. To obtain  quanti-

TABLE 1
B u ffe r  sequence fo r e lu tio n  o f soybean w h ey  

frac tions fro m  B ü ch n er fu n n e l p acked  
w ith  D EAE cellulose

E luen t Effluent

1 P h o sp h ate  buffer pH  7.6, 0.01 M frac tio n  I
2 As ( 1 )  +  0.034 m  N aC l frac tio n  II
3 As (1 )  +  0.13 M N aC l frac tio n  III
4 As (1 )  +  0.17 M NaCl frac tio n  TV

ties of p ro tein  sufficient fo r the  experi­
m en ts  to be described, the  w hole proce­
dure h ad  to be repeated  3 tim es. T he w hey 
frac tions p repared  in  th is  m a n n e r w ere 
ch rom atographed  on a 1-cm X  17-cm 
DEAE-cellulose co lum n w ith  a  grad ien t 
elu tion  procedure sim ilar to th a t used  by 
Rackis et al. ( 9 ) .  The pro tein  co n ten t of 
the effluent w as m easured  w ith  an  au to­
analyzer.3 T he elu tion  p a tte rn s  of the  4 
frac tions (fig. 2 )  show  chrom atograph ic  
behavior of these frac tions u n d er iden tical 
conditions.

For heat-inactivated  controls, defatted  
soybeans w ere autoclaved a t 107° fo r 40 
m inu tes. Before the h ea t trea tm e n t the 
soybeans w ere ad justed  to 20%  m oisture 
and  allowed to s tand  overn ight a t 4°. The 
autoclaved defa tted  soybeans w ere dried 
a t 60° to  the  sam e w a te r con ten t as the 
u n h ea ted  defa tted  soybeans used  in  these 
experim ents.

Analytical procedures. F a t absorption 
w as determ ined  by the p rocedure of R en­
n e r and  H ill (1 0 )  except th a t fecal fa t 
w as determ ined  by ex trac tin g  the  dried 
excre ta  w ith  ethyl e th er fo r 12 hours in  a 
Goldfisch ap para tus. P relim inary  investi­
gation  h ad  ind icated  th a t no fecal soaps 
w ere p resen t in  the dried  excreta. The 
m etabolizable energy value of the exper­
im en ta l d iets w as determ ined  according to 
the procedures of H ill and  A nderson (1 1 )  
except th a t the chrom ium  in  the diet and  
feces w as determ ined  by a slight m odifica­
tion of the m ethod  of Czernocki et al. (1 2 ) .

T rypsin  inh ib ito r activity in  the  soybean 
frac tions w as determ ined  by m easu ring  
the inh ib ition  of hydrolysis o f N-benzoyl- 
DL-arginine p-nitroanilide by trypsin . The 
conditions fo r assay of trypsin  w ere those 
used  by E rlan g er e t al. (13). To assay tryp­
sin inh ib ito r activity  in  the soybean frac-

3 T echnicon C hrom atography C orporation, C hauncey, 
N ew  York.
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Fig. 2. C hrom atograph ic  p a tte rn s  o f f rac tio n s  I to IV. T en  m illig ram s of each  frac tio n  ch ro ­
m ato g rap h ed  on 1 X 17 cm  co lu m n  of DEAE cellu lose. F rac tio n s w ere dissolved in  0.01 m  pH  7.6 p h o s­
p h a te  buffer a n d  co lu m n  w as developed by g ra d ie n t e lu tio n  from  0 to 0.3 m  N aC l in  0.01 M pH  b u f­
fer. A m ix in g  ch am b er of 160 m l w as used . P ro te in  in  e ffluen t m easu red  by Lowry ( 8 )  reac tion .

tions an d  soybean m eal the  m ateria l w as 
e ither dissolved in , o r ex tracted  w ith, 
0 .0025 n  HC1 and  m ixed w ith  an  appro­
p ria te  trypsin  concen tra tion  before the 
trypsin  assay. T rysin  inh ib ito r activity w as 
expressed in  u n its  re la ted  to the release of 
p -nitroaniline in to  the reaction  m ix tu re  by 
the ac tion  of trypsin . T hus one trypsin  
u n it w as arb itra rily  defined as the  am ount 
of trypsin  th a t w ould cause an  increase in  
optical density  of substra te  solu tion  at 
410 m u in  10 m inu tes a t 30° equivalen t to 
th a t obtained from  0.01 pinoles of p-nitro- 
an iline p er 7 m l final volum e of the  reac­
tion  m ix tu re . One trypsin  inh ib ito r u n it is 
the am oun t of inh ib ito r th a t w ould in ­
h ib it one trypsin  un it. T his m ethod  of ex­
pression  of trypsin  inh ib ito r u n its  h a s  the 
advan tage th a t it  is independen t of the 
pu rity  of the trypsin  source used, an d  thus 
constan t.

H em agglu tin in  activity  in  the  p rep ara ­
tions stud ied  w as determ ined  by the photo­
m etric  procedure of L iener (1 4 ) .

Chick experiments. Even though  the 
frac tionation  techn ique used m ade it pos­
sible to p repare several gram s of each  of 
the fractions, a feed ing  experim ent of 
short du ra tion  w as necessary  because of 
the sm all am ounts of each  frac tio n  avail­
able. Several p re lim inary  experim ents 
w ere conducted  to determ ine the age of 
chicks in  w hich the effects of the defatted  
soybean m eal w ere m ost pronounced , and  
also to ascerta in  the  necessary  leng th  of 
the experim en tal period. These experi­
m en ts showed th a t a  4-day experim en tal 
period beginning  a t the eigh th  day of age 
would adequately  d ifferen tiate the  effects 
of the frac tions of soybean m eal. Based on 
these observations, an  experim en t w as de­
signed to test the biological activities of 
the soybean frac tions prepared. The diet 
used  in  th is  study, show n in  table 2, is 
s im ilar to  th a t used previously in  th is lab ­
oratory. T he basa l d iets con ta in ing  e ith er 
u n h ea ted  d efa tted  soybeans or autoclaved 
defa tted  soybeans served as negative and
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TABLE 2
B asal diets used  in  ch ick  exp erim en ts

R aw  or au toclaved  d e fa tted  soybeans
%

50.00
Soybean oil 15.00
Glycine 0.50
M ethionine 0.30
C hrom ic oxide p rem ix  (30%  C r203) 1.00
M ineral p rem ix  MCN-2 1 5.63
V itam in  p rem ix  MCN-1 1 1.25
Glucose m onohydrate 26.32

1 For com position see N esheim  e t al. (2 3 ).

positive contro l trea tm en ts. T he soybean 
frac tions w ere all tested  in  the diet w hich 
contained  h ea ted  soybean m eal, and  w ere 
added a t the expense of an  equal w eight 
of glucose.

The soybean frac tions w ere included  
in  the diet on the basis o f the estim ated  
percentage each  frac tio n  rep resen ted  of 
the orig inal whey. T his w as estim ated  
from  a DEAE-cellulose ch rom atogram  of 
the u n frac tio n a ted  whey. T hus, w hen  a 
plot of the  p ro tein  elu tion  p a tte rn  from  
soybean w hey w as divided in to  areas w ith  
ch rom atographic behavior sim ilar to each 
of the ind iv idual fractions, the to tal area 
w as estim ated  to be 41%  frac tio n  I, 13% 
frac tio n  II, 27%  frac tio n  III and  19% 
frac tio n  IV. The ac tua l levels fed  were 
those corresponding  to the am ounts of 
each  frac tio n  expected to be p resen t in  2% 
soybean w hey ad justed  fo r differences in  
n itrogen  conten t. A com m ercially  p u r­
chased  trypsin  inh ib ito r p rep ara tio n  w as 
included  in  the diet a t the sam e n itrogen  
level as th a t of frac tion  IV. T his frac tion  
h ad  a sim ilar chrom atograph ic  behavior 
on DEAE-cellulose as the p u rchased  in h ib ­
itor. This inh ib ito r w as apparen tly  the 
sam e as iso lated  by K unitz (1 5 )  and  also 
called the A2 inh ib ito r by Rackis et al. ( 9 ) ,  
based on its  ch rom atograph ic  behavior. In  
addition  to feed ing  the  soybean fractions 
separately , an o th e r trea tm en t consisted  of 
a com bination  of frac tio n  I and  the p u r­
chased soybean inh ib ito r to  ascerta in  
w he th e r these 2 com ponents of u n h ea ted  
soybeans m igh t have a  synergistic effect.

For the chick  experim ent, 250 Rhode 
Island  Red X B arred P lym outh  Rock m ale 
chicks pu rchased  from  a com m ercial 
hatchery  w ere fed  the basa l d iet co n ta in ­
ing  the autoclaved defa tted  soybeans for 
7 days. The feeders w ere rem oved each

n ig h t to tra in  the  chicks to s ta rt ea ting  at 
a desired tim e in  the m orning. This w as 
necessary  to fac ilita te  m easu rem en ts of 
gallb ladder w eight and  in tes tin a l n itro ­
gen levels a t the end  of the experim en tal 
period.

On the eigh th  day the chicks w ere 
w eighed and  divided in to  27 groups of 7 
chicks each. E ach group of chicks w as 
m ade up  to m inim ize the varia tion  w ith in  
the group, and  chicks w ith  e ither h igh  or 
low extrem e w eights were discarded. T hree 
groups of seven were th en  assigned at ra n ­
dom  to each  of the 9 trea tm en ts  and  dis­
tribu ted  to pens in  2 battery  brooders a fte r 
record ing  ind iv idual w eights. The chicks 
w ere fed  the experim en tal diets fo r 4 days. 
D uring  the la s t 3 days of th is period, ex­
cre ta  from  each pen  w ere collected and 
pooled. On the th irteen th  day the experi­
m en t w as concluded.

The follow ing procedure w as used at 
the com pletion of the experim ent. Ind i­
v idual w eight w as determ ined  and  the 
birds w ere killed by dislocation of the neck. 
Following th is, the pancreas  and  gallblad­
der (co n ten ts  in ta c t)  w ere w eighed in  the 
fresh  state, and  the conten ts of the low er 
sm all in testin e  (n o t inc lud ing  duodenum ) 
w ere forced out of the in testine  by rolling 
a glass rod over the stre tched  in testine . 
The con ten ts of the in testines from  each 
chick  in  a pen  w ere pooled, hom ogenized 
w ith  distilled w a te r and  lyophilized.

Rat experiments. To m easure the  in- 
trape rito n ea l toxicity  of the soybean fra c ­
tions, fem ale ra ts  of the W istar s tra in , 
w ere fed a d iet con ta in ing  h ea ted  soybean 
m eal supp lem ented  w ith  m >m ethionine 
from  w eaning  to  an  average of 52 g. The 
various frac tions dissolved in  0.9%  NaCl 
solution w ere adm in istered  in trap e iito n e- 
ally at various levels, to  10 ra ts  per level 
of in jection . T he n u m b er of dead ra ts  per 
72 hours w as used fo r a g raph ical de ter­
m in a tio n  of the LDso by the procedure of 
M iller and  T a in te r (1 6 ) .

In  the studies of the 14C 0 2 p roduction  
a f te r  ingestion  of DL-methionine-2-14C, 
m ale W istar ra ts  w ere fed  a stock diet 
from  w ean ing  to  an  average of 105 g. At 
the end  of th is  rea rin g  period the ra ts  
w ere fasted  overn ight (1 2  h o u rs )  and  w ere 
th en  given by stom ach tube 50 m g of 
each  soybean frac tio n  dissolved in  w ater.
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A fter one h o u r the ra ts  w ere given 1 m l 
of a  solution con ta in in g  approxim ately  
10 irCi DL-methionine-2-14C by stom ach 
tube, and  w ere im m ediately  p laced in  
glass m etabolism  cages.4 E xpired  a ir  w as 
trapped  in  0.1 N N aOH. T he N aOH in  the 
absorp tion  tow ers w as changed  hourly  for 
the  nex t 4 hours. P relim inary  experim ents 
show ed th a t 4 h ou rs  w as sufficient to 
d ifferen tiate the  trea tm en ts . T he experi­
m en t w as repeated  w ith  3 ra ts  p er frac tio n  
studied. T he I4C activity  in  the  N aOH w as 
counted  in  B ray’s (1 7 )  solution in  a liquid 
scin tilla tion  counter.

RESULTS

T he procedures used  to frac tio n a te  soy­
bean  w hey resu lted  in  the p rep ara tio n  of 
4 fractions. The DEAE-cellulose ch rom a­
tography of these 4 frac tions is show n in  
figure 2. The frac tio n a tio n  procedure 
clearly  produced 4 separa te  fractions d if­
fe ring  in  th e ir  ch rom atograph ic  behavior 
on DEAE-cellulose. The reso lu tion  betw een 
the  4 frac tions w as no t as good as could 
be an tic ipated  by the u su a l chrom ato­
graph ic  techniques. T hus there  is consider­
able overlapping in  the chrom atograph ic  
p a tte rn  betw een frac tions I and  II and  fra c ­
tions II and  III. However, frac tions I, III 
and  IV h ad  relatively  little  m ateria l w ith  
sim ilar chrom atograph ic  behavior. T here 
w as an  appreciable am oun t of carbohy­
d ra te  p resen t in  each  fraction . T his m ay 
have been due to the presence of carbohy­
dra tes in  the p ro tein  or due to some DEAE- 
cellulose con tam ination  in  the prepara tion .

The resu lts  of studies w ith  ra ts  on the 
in trap e rito n ea l toxicity  of the frac tions 
and  effects on 14C m eth ion ine oxidation  
are show n in  table 3. T rypsin  in h ib ito r and  
hem ag g lu tin in  activity  of the ind iv idual 
frac tions are also show n in  th is table. All 
frac tions p repared  h ad  considerable tryp ­
sin inh ib ito r activity. The m ost active fra c ­
tion  w as frac tion  III an d  the leas t active, 
frac tio n  I. The hem ag g lu tin in  activ ity  of 
the w hey frac tions w as concen tra ted  p rim ­
arily in  frac tio n  I w hich h ad  over 8 tim es 
the activity per u n it of sam ple as frac tio n  
II. The o ther fractions h ad  essen tially  no 
hem agg lu tin in  activity.

W hen these frac tions w ere in jec ted  in to  
young ra ts , frac tio n  I h ad  the h ighest in ­
trap e rito n eal toxicity. F rac tion  II h ad  
som e activity  bu t no toxicity w as observed 
a t the levels of in jec tion  used fo r frac tions 
III and  IV. Some toxicity of the  soybean 
whey m ay have been lost du ring  the fra c ­
tionation  procedure since frac tio n  I  an d  
w hey h ad  the sam e LDso w hen  in jec ted  in ­
to ra ts . The frac tions studied  also d iffered 
in  th e ir ability to s tim ulate  14C 0 2 produc­
tion follow ing a dose of DL-methionine-2- 
14C. R ats dosed w ith  frac tio n  I  h ad  the  low­
est 14CC>2 recovery, w hereas those given 
frac tio n  III h ad  the largest recovery of 
14C from  m eth ion ine in  the  expired  C 0 2.

The resu lts  of the m easu rem en ts  m ade 
in  an  experim en t w ith  chicks are show n 
by the d a ta  in  table 4. T he frac tio n s of 
the soybean w hey h ad  considerably  dif-

4 Delmar Scientific Laboratories, Chicago.

TABLE 3
T ryp s in  inh ib ito r  a n d  h em a g g lu tin in  a c tiv ity , in traperitonea l to x ic ity  and  e ffects on  

14C -m eth ion ine oxida tion  by  soybean frac tions

Sample
tested

Trypsin
inhibitor
activity

14C02 
recovery 1

Intra- 
peritoneal 

toxicity 
LD50 rats

Hemag­
glutinin
activity

R aw  soybeans

units/m g  
air-dried sample 

39.6

mg/lGO g 
body w t

un its /m g  
air-dried sample 

26
H eated  soybeans 0.0 — — 0
W hey 1283 7 .5 » ' 90 496
F rac tio n  I 1163 6.4 ' 90 1321
F rac tio n  II 1317 7.3 bc 350 160
F rac tio n  III 2580 9.2 a over 2000 47
F rac tio n  IV 1405 8.0 b over 2000 9
T rypsin  in h ib ito r, lo t 8822 3 1685 7.8 bc over 2000 1

1 In rats, fo llo w in g  dose o f D L-m ethionine-2-14C ; see text.
2 Values not followed by same letter are significantly different by analysis of variance followed 

by Duncan’s multiple range test (34). Three rats studied per fraction.
3 N utritional Biochemicals Corporation, Cleveland.
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fe ren t biological activities in  th is experi­
m ent. All the frac tions studied  w ere in ­
cluded in  a diet fo r chicks a t very low 
levels com pared w ith  the orig inal raw  soy­
beans from  w hich they  w ere isolated. Since 
they  w ere p resen t in  approxim ately  the 
sam e am ounts as they w ere found  in  in ­
tac t whey, the contribu tions of these fra c ­
tions to the to tal effect of the w hey could 
be assessed.

F ina l w eight w as significantly  depressed 
by feed ing  raw  soybeans and  the soybean 
w hey as w ell as a com bination  of fraction  
I p lus the  Kunitz trypsin  inh ib itor. The 
o ther frac tions stud ied  did no t signifi­
can tly  depress grow th ra te  w hen  fed  by 
them selves. Feed in take  w as good in  all 
trea tm en ts  an d  none o f the  fractions ap­
peared  to have any  m arked  effect upon  
feed consum ption. P ancreas w eight w as in ­
creased by all sam ples except frac tio n  II, 
bu t both fractions I and  II h ad  signifi­
can tly  less effect on the pancreas th an  the 
soybean w hey, fractions III, IV, and  the 
pu rchased  trypsin  inhibitor.

A recen t observation in  our laboratory  
h as  been th a t soybean frac tions appear 
to cause a con trac tion  of the gallb ladder.5 
Young chicks (less th a n  2 w eeks o ld) fed 
raw  defatted  soybeans continuously  have 
a gallb ladder th a t is nearly  always em pty 
of bile, w hereas chicks fed h ea ted  defa t­
ted soybeans u n d er the sam e conditions 
usually  have considerable am ounts of bile 
in  the gallbladder. T his phenom enon  is il­
lu stra ted  by the d a ta  fo r gallbladder 
w eight show n in  table 3. Chicks receiving 
raw  defatted  soybeans h ad  a gallbladder 
w eight significantly  less th a n  those receiv­
ing  h ea ted  soybeans. Chicks receiving the 
whey, frac tions III and  IV and  purchased  
trypsin  inh ib ito r h ad  a gallb ladder w eight 
significantly  less th a n  those receiving 
h ea ted  defa tted  soybeans or frac tions I 
and  II.

The absorption  of fa t  w as m arkedly  de­
pressed  in  chicks receiving the diet con­
ta in ing  the  raw  defatted  soybeans com ­
pared  w ith  those receiving the h ea ted  m a­
terials. F a t absorption  w as also depressed 
in  the  chicks receiving the soybean w hey 
and  frac tion  IV as well as in  the trea t­
m en t w ith  the  com bination  of frac tio n  I 
and  the  trypsin  inh ib itor. All trea tm en ts  
con ta in ing  soybean frac tions h ad  n u m eri­

cally low er fa t  absorption  values th a n  
those receiving the h ea ted  contro l tre a t­
m ent. In  particu la r, frac tions III an d  IV 
appeared  to have a g rea ter effect on fa t 
absorption  th an  fractions I an d  II, b u t due 
to the varia tion  encoun tered  in  the fa t  ab­
sorption  m easu rem en ts, these differences 
w ere no t statistically  significant.

T he m etabolizable energy value of the 
diet w as very low fo r chicks receiv ing the 
u n h ea ted  defa tted  soybean trea tm en t com ­
pared  w ith  the chicks receiving the h ea ted  
control trea tm en t. A difference of nearly  
one kilocalorie per gram  of diet in  the u n ­
ad justed  m etabolizable energy values w as 
observed betw een these 2 diets. These d if­
ferences are largely a reflection of the poor 
absorption of fa t. I t is  possible to correct 
the m etabolizable energy value of a d iet 
to a 100% fa t absorption  basis by assum ­
ing  th a t fecal fa t contains 9.4 kcal of gross 
energy per g, and  ad justing  the m etaboliz­
able energy value obtained fo r the  caloric 
value of the unabsorbed  fa t. By assum ing  
th a t the digestibility of the  fa t  does no t 
affect the m etabolizable energy value of 
the o ther com pounds of the diet, the v ar­
ious trea tm en ts  fo r the u tiliza tion  of fac ­
tors o ther th an  fa t  in  the diets can  be com ­
pared. Previous studies from  th is labo ra­
tory (1 8 )  ind icated  th a t w here fa t  ab­
sorption is no t affected, d igestion of pro­
te in  appears to be the strongest reason  for 
d ifferences in  m etabolizable energy value 
of diets con ta in ing  u n h ea ted  or heated  
defa tted  soybeans fo r chickens. T here­
fore, the differences in  m etabolizable en ­
ergy value of the diets ad justed  to 100% 
fa t absorption  are probably a reflection of 
differences in  p ro tein  digestion. If th is  as­
sum ption  is m ade, the chicks receiving the 
u n h ea ted  defa tted  soybeans, w hey, and  
frac tio n  I plus the p u rchased  trypsin  in ­
h ib ito r digested p ro tein  to a  significantly  
less ex ten t th a n  those receiving the o ther 
trea tm en ts , based on the  differences in  
ad justed  m etabolizable energy value of 
the diets.

T he d isappearance of in testin a l n itro ­
gen w as determ ined  by m easu ring  the n i­
trogen  an d  chrom ium  con ten t of the in ­
tes tin a l con ten ts and  the diets. T hus a 
loss of n itrogen  in  re la tion  to chrom ic ox­

5 U npublished data , J. A. Serafín, C ornell U niversity .
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ide from  the diet to  the  in testin a l conten ts 
could be used  as a m easure of n itrogen  
digestibility at th is stage of passage 
th rough  the tract. T he chicks th a t received 
raw  soybeans, soybean whey, frac tio n  III, 
IV or the com bination  of frac tio n  I and  
the trypsin  inh ib itor, h ad  the low est dis­
appearance of in tes tin a l n itrogen  or the 
lowest n itrogen  digestibility. In  general the 
trea tm en ts  w ith  a low ad justed  m etabo­
lizable energy value also h ad  the lowest 
values fo r n itrogen  digestibility as m eas­
ured in  in testin a l contents.

DISCUSSION

The batch  frac tio n a tio n  procedure used 
fo r iso lating  com ponents of soybean whey 
w as reasonably  successful. A lthough the 
frac tions produced w ere no t com pletely 
separated , th is  p rocedure does appear to 
be a reasonable m ethod  fo r frac tio n a tin g  
soybean w hey in to  com ponents th a t can  be 
studied fo r biological activity  in  feeding 
experim ents. C onventional colum n chro­
m atograph ic  procedures are no t su ited  for 
the iso lation  of the large quan tities of 
m ateria l needed to do an  adequate  feed ing  
experim ent. The frac tions produced by the 
batch  techn ique used  here  are no t pure 
single com ponents bu t undoubted ly  con­
ta in  m any  separate  com ponents. These 
frac tions w ould be u sefu l s ta rtin g  m ate­
r ia l fo r fu r th e r  frac tio n a tio n  procedures 
using  m ore refined techniques.

The soybean w hey frac tions iso lated  had  
considerably d ifferen t biological activities. 
The in trap e rito n ea l toxicity  to  ra ts  w as 
concen trated  in  frac tio n  I. A lthough the 
hem agg lu tin in  activity  w as also concen­
tra ted  in  th is frac tion , the com pounds re ­
sponsible fo r these activities m ay no t be 
the sam e. Jaffe (1 9 )  assum ed th a t toxic 
and  hem agg lu tin in  properties of Phaseo- 
lus vlugaris could be ascribed to the  sam e 
com ponents. However, Stead et al. ( 6 )  re ­
cently reported  th a t ch rom atographically  
separate  com ponents of P. vulgaris w ere 
responsible fo r hem ag g lu tin in  activity  and  
the in trap e rito n ea l toxicity  fo r ra ts . These 
au tho rs reported  th a t a frac tion  responsible 
fo r in trap e rito n ea l toxicity of the soybeans 
w as elu ted  from  a  DEAE-cellulose colum n 
at sim ilar salt concen tration  as our fra c ­
tion I. F actors responsible fo r hem agglu ­

tin in  activity and  in trap e rito n ea l toxicity 
w ere no t separated  by our procedures.

All frac tions stud ied  h ad  considerable 
trypsin  inh ib ito r activity. Based on chro­
m atog raph ic  behavior, frac tio n  IV w as 
m ade u p  prim arily  of the in h ib ito r first 
charac te rized  by K unitz (1 5 )  an d  la ter 
called the A2 inh ib ito r by Rackis et al. (5). 
The identification  of the com ponents w ith 
trypsin  inh ib ito r activity in  the o ther frac ­
tions w as no t attem pted. R ackis and  A nder­
son (2 0 )  have described 4 trypsin  in h ib ­
itors in  soybean whey.

A lthough the fractions w ith  the h ighest 
trypsin  inh ib ito r activity  per u n it w eight 
(I II  and  IV ) also h ad  the greatest effect on 
the pancreas  and  gallbladder, the effects 
on these organs could no t be com pletely 
co rrelated  w ith the trypsin  inh ib ito r activ­
ity. T hus chicks receiving frac tio n  I con­
sum ed nearly  tw ice as m any  inh ib ito r 
u n its  as chicks receiv ing the K unitz in h ib ­
itor, yet frac tio n  I h ad  relatively  little  in ­
fluence on the gallbladder. A lthough chicks 
receiving frac tion  I did have a la rger p a n ­
creas th an  chicks receiving the h ea ted  con­
tro l diet, the stim u la tion  w as relatively 
sm all com pared w ith  chicks receiving fra c ­
tions III and  IV. T rypsin  inh ib ito rs from  a 
wide varie ty  of sources appear to cause 
pancreas stim ulation  bu t th e ir overall bio­
logical effects m ay be quite d ifferen t (3 ) .  
The effect on 14C-m ethionine oxidation  ap­
peared  to  be in  proportion  to trypsin  in ­
h ib ito r con ten t of the fractions, in  agree­
m en t w ith  the resu lts of Kwong and  B arnes 
( 2 1 ) .

The da ta  reported  fo r gallb ladder w eights 
illu stra te  an  effect o f defa tted  soybeans 
th a t has no t been reported  previously. The 
influence on gallb ladder w eight appears 
to be prim arily  due to differences in  w eight 
of bile stored in  the gallbladder. T his ef­
fect can  be readily  dem onstrated  in  chicks 
receiv ing u n h ea ted  defa tted  soybeans if 
they are fed the d iets continuously. If 
feed is rem oved two or th ree hours before 
autopsy, the gallbladders of chicks receiv­
ing  u n h ea ted  defatted  soybeans are u su ­
ally no t greatly  d ifferent from  those re ­
ceiving the heat-inactivated  contro l diet. 
T he effect of the soybeans or soybean fra c ­
tions appears to  be one of causing  the gall­
b ladder to con trac t and  expel the  bile. 
F rac tions th a t are m ost stim ulato ry  to the
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pancreas  also appear to be the m ost stim ­
u latory  to  the gallbladder. T he purified 
trypsin  inh ib ito r w as quite effective in  
stim u la tin g  the gallb ladder to con tract. It 
is of in te rest th a t Jorpes an d  M utt (2 2 )  
have recently  published evidence th a t the 
gastro in testina l horm ones, pancreazym in  
an d  cholecystokinin are the sam e com ­
pound. T hus i f  the pancreas  stim ulation  
w as m ediated  by release of a gastro in tes­
tin a l horm one such as pancreozym in, the 
effect on the gallb ladder observed in  th is 
experim en t w ould be expected.

T he effects of the  trea tm en ts  on  fa t  ab­
sorption w ere no t clear-cut. In  confirm a­
tion  of previous studies ( 2 3 ,2 4 ) ,  the u n ­
h ea ted  defa tted  soybeans m arkedly  de­
pressed fa t  absorption. Chicks consum ing 
the frac tions w hich caused  the gallbladder 
to con trac t also h ad  relatively  poor fa t  ab­
sorption. Chicks receiv ing defa tted  soy­
beans apparen tly  are deficient in  bile 
acids (2 5 ) . The significance of the in ­
fluence of the soybean frac tions on the 
gallb ladder and  the defect in  fa t  absorp­
tion rem ain  to  be determ ined.

The frac tions w ith  the greatest effect 
on m etabolizable energy con ten t of the 
fat-free portion  of the diet app ear to  be the 
defatted  raw  soybeans, soybean w hey and  
frac tions III, IV or the com bination  of fra c ­
tion  I plus the  K unitz inh ib itor. F rom  pre­
vious studies we w ould expect the low m e­
tabolizable energy value of these tre a t­
m en ts to be a reflection of poor overall p ro­
te in  digestibility. T h u s it appears th a t some 
trypsin  inh ib ito rs m igh t be m ore effective 
th a n  o thers in  inh ib iting  p ro tein  digestion.

Several investigators (4 , 26, 2 7 ) have 
suggested th a t trypsin  inh ib ito rs cause a 
stim ulation  of the pan crea tic  secretions 
w hich resu lts  in  the  loss from  the body of 
a large nu m b er of essen tial am ino acids 
required  fo r grow th of the  an im al. Re­
cently  K hayam bashi and  L ym an (2 8 ) ,  
w ith  an  am ino acid diet and  a trypsin  in ­
h ib ito r concen trate , dem onstrated  ap p a r­
ently  large losses of essen tial am ino acids 
in  p ro te in  w hich  m u st have arisen  from  
the in tes tin a l trac t, possibly th rough  the 
activity of the  pancreas. These studies 
show th a t substan tia l losses of endogenous 
p ro tein  m u st occur. I t  appears, how ever, 
th a t an o th er im p o rtan t fea tu re  of th is 
a rgum en t m u st be th a t these losses of pro­

tein , endogenous or dietary , occur because 
of inh ib ition  of proteolytic activity  in  the 
in tes tin a l trac t by the  trypsin  and  chym o- 
trypsin  inh ib ito rs p resen t in  the soybeans. 
O therw ise there  is no good reason  to ex­
pect th a t the endogenous secretions w ould 
no t be digested an d  reabsorbed. P ro tein  
digestibility by chicks receiv ing u n h ea ted  
defatted  soybeans h as  been show n by a 
n u m b er of w orkers to be quite low (18 , 
29, 3 0 ). A lum ot and  N itsan  (3 1 )  dem on­
stra ted  th a t proteolytic activity in  the  in ­
testina l tra c t is m arkedly  depressed in  
chicks by feed ing  u n h ea ted  soybeans, 
However, proteolytic activity u sually  has 
been show n to be elevated in  the in tes tin a l 
trac t of ra ts  receiving u n h ea ted  soybean 
m eal (26). B ut m ost of these m easu re­
m en ts have been of to tal proteolytic ac­
tivity w ith  a p ro tein  substra te  and  n o t of 
the activ ity  of specific digestive enzym es 
such  as trypsin  or chym otrypsin. If  the  ac­
tivity  of these im p o rtan t endopeptidases 
w as inh ib ited  despite a large am o u n t of 
ap p aren t proteolytic activity  tow ard a  p ro ­
te in  substrate , large frag m en ts  of p ro te in  
in  the in testine  m ay no t be broken dow n 
because of the inh ib ition  of these endo­
peptidases. P ro tein  digestibility in  ra ts  re ­
ceiving u n h ea ted  soybean m eal h as  been 
reported  to be depressed m uch  less th a n  in  
chicks. B ecause of the m icrobiological ac­
tivity in  the low er digestive tra c t of ra ts , 
unabsorbed  n itrogen  m ay be re leased  as 
am m onia and  be reabsorbed. T his w ould 
no t be m easured  in  a conventional n itrogen  
digestibility study. This possibility  has 
been poin ted  out previously by C arroll et 
al. (3 2 )  and  dem onstrated  by N esheim  
and  C arpen te r (3 3 )  to  take p lace in  
chicks receiving poorly digested pro teins.

In  general the frac tionation  studies re ­
ported  here ind icate  th a t the effects o f soy­
bean  w hey on grow th ra te , pancreas  en ­
largem ent, gallb ladder contraction , fa t  ab­
sorption and  m etabolizable energy value 
of the diet canno t necessarily  be ascribed 
to a single com ponent of the soybean whey. 
Activity fo r these various effects appeared  
to be d istribu ted  am ong the 4 frac tions 
studied , a lthough some appeared  to be 
m uch  m ore active th a n  o thers tow ard  a 
specific effect. I t is conceivable th a t com ­
b inations of the various com ponents of 
soybean w hey ac tually  ac t in  a  synerg is­
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tic fash ion . T hus the effects of frac tio n  I 
p lus the K unitz trypsin  inh ib ito r ( tre a t­
m en t 9, table 3 )  app ear to be consider­
ably g rea ter th a n  the  sum m ation  of the ef­
fects of the ind iv idua l fractions. A lthough 
this m ay be only an  expression of additive 
effects, it  is conceivable th a t the trypsin  
inh ib ito r pro tec ted  the com ponents of fra c ­
tion I from  digestion so th a t they could ex­
ert m ore of an  effect. C ertainly if  the  com ­
plex actions of the com ponents of soybean 
w hey on the an im al are to  be sorted out, 
one m ust consider the possibility th a t in ­
teractions of m ore th an  one com ponent 
m ay cause the final re su lt obtained  w hen 
the an im al is fed  the legum e fractions.

It appears likely th a t soybean w hey is 
m ade up  of several com ponents, m ost 
likely p ro teins w hich m ay have the ability 
to have a physiological influence on the 
in testin a l tra c t o f the  an im al. T hus i t  is 
unlikely th a t a specific pancreas  hyper­
trophy fac to r, fa t  absorption-depressing 
fac to r or gallb ladder-stim ulating  fac to r 
can  be isolated. T he general p roperties 
of several p ro teins— solubility, m olecu lar 
w eight, action  ag a in st trypsin  and  chym o- 
trypsin , n e t charge a t physiological pH —  
m ay be responsible fo r the biological in ­
fluence they have. For exam ple, although 
a crystalline soybean trypsin  inh ib ito r has 
been show n to cause p ancrea tic  hyper­
trophy, several o ther trypsin  inh ib ito rs pro­
bably w ill do the sam e th in g  (3 ) .

O ther effects of soybeans, p articu la rly  
the in trap e rito n ea l toxicity for ra ts , m ay 
well be caused  by a specific com ponent 
th a t can  be iso lated  w ith  p resen t tech ­
niques.
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Metabolism of L-Arabinose and D-Xylose by Chicks * 1 2
P. V. WAGH 2 AND P. E. WAIBEL
D ep a rtm en t o f A n im a l Sc ience, U niversity  o f M inneso ta , 
St, Paul, M inneso ta .

A B ST R A C T  S tudies a re  reported  on m etabo lism  by ch icks of d ie ta ry  a n d  p a re n ­
te ra l ( lab e le d ) L -arabinose a n d  D-xylose. Blood hem ato crit, to ta l red u cin g  sugars, 
cholestero l, serine  an d  p ro line  in  p lasm a  an d  to ta l red u cin g  sugars in  ex cre ta  in ­
creased  due to g rad ed  (10 , 20 a n d  4 0 % )  levels of d ie ta ry  pentoses. Pentose tre a t­
m en ts  decreased  liver w eigh t, liver lip id s an d  g lu tam ic  acid  a n d  lysine  in  p lasm a. 
A rabinose b u t no t xylose decreased  p lasm a  a lk a lin e  p h o sp h a tase  activ ity  an d  p o tas­
sium  ion  and  in creased  chloride. T he increases in  to ta l red u cin g  sugars in  p lasm a  
w ere fo u n d  to be due to in g ested  pentoses. R adioisotope stud ies show ed th a t  L-arab­
inose is b e tte r m etabolized  th a n  D-xylose by th e  ch icks, b u t th a t n e ith e r  pen tose  is 
m etabolized  to C 0 2 as rap id ly  as D-glucose. T he m etabclic  fa te  of 1-14C lab e l an d  pos­
sible p a th w ay s fo r these  pen toses are  discussed.

T h e in a b ility  of ch ick s to  u tilize  L -arab­
inose  a n d  D-xylose a t  h ig h  d ie ta ry  levels 
w as re p o rte d  in  a n  e a r lie r  c o m m u n ic a tio n  
( 1 ) .  T h ese  p en to ses  in c re a se d  th e  p la sm a  
c o n te n t o f to ta l re d u c in g  su g a rs  a n d  se­
vere ly  d ep le ted  liv e r  a n d  m u sc le  glycogen.

T h is  in v e s tig a tio n  w as  in it ia te d  to  de­
te rm in e  th e  in flu e n ce  o f d ie ta ry  L -a rab in ­
ose a n d  D-xylose o n  a  v a r ie ty  o f b io c h em i­
ca l c h a ra c te r is tic s  as w ell as th e  m e tab o lic  
d isp o s itio n  of th e  la b e le d  p en to se  su g a rs .

EXPERIMENTAL 3 4 5
Male chicks (New Hampshire X Colum­

bian) were used. Randomized complete 
block design in space (exp. 1) and in time 
(exp. 2) was used. Where pertinent, the 
treatment values were reported by Dun­
can’s multiple range test (2) to detect 
significant differences among means.

E x p e r im e n t  1. The composition of 
diets is shown in table 1. l -Arabinose and 
D-xylose were substituted at the expense 
of D-glucose on a moisture-free basis. 
Chicks reared in electrically heated battery 
brooders were fed a corn-soybean type 
diet, C5F (3) for 2 weeks after which 
they were fed the 60% D-glucose diet until 
20 days of age. At termination of the study 
(24 days of age), plasma prepared from 
heparinized blood from individual birds in 
each pen was pooled and analyzed for the 
following components using a continuous 
analysis system4,5: calcium, phosphorus, 
cholesterol, total protein, albumin, uric 
acid, urea nitrogen, creatinine, sodium, po­

tassium, chloride, alkaline phosphatase 
and total reducing sugars. Free amino 
acids in plasma (using picric acid depro- 
teination) were determined by the method 
of Hamilion (4) using an amino acid an­
alyzer.6 * 8

Deproteinized plasma samples were de­
salted by passing through strongly cationic 
(Dowex 50W-X4) and weakly anionic 
(Dowex 3-X4) exchangers. After concen­
trating the effluents, sugars were separ­
ated by descending paper chromatography 
using pyridine-ethyl acetate-water (2:5:7  
v/v, upper phase) and detected by alka­
line silver nitrate (5).  Quantitation of d - 
glucose was accomplished by the glucose- 
oxidase method (6).

Dried and finely ground excreta sam­
ples were extracted twice in deionized 
water and centrifuged at 3600 rev/min 
for 15 minutes. The pooled supernatants
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TABLE 1
C om position  o f diets (exp . 1 )

D-Glucose 1 60

L-Arabinose 1 (0 , 10, 20, 4 0 ) 2

D-Xylose 1 (0 , 10, 20, 4 0 ) 2

C o n stan t in g red ien ts  :
M ineral m ix tu re  P-6 3 6
V itam in  m ix tu re  P-2 4 1
V itam in  m ix tu re  ADE-1 5 0.10
O ther 6 33.11

1 M ann  R esearch Laboratories, Inc., N ew  York.
2 N um bers in  paren theses in d ica te  levels of sub­

stitu tion  fo r D-glucose.
3 M ineral m ix tu re  P-6 : ( in  g ram s) calcium  phos­

pha te  (d ib asic ) d ihydrate , 2 .1 1 ; calcium  carbonate, 
1.69; po tassium  phosphate  (m onobasic), 1.12; sodium  
chloride, 0.65; m agnesium  su lfa te  (7 2 % ), 0.35; ( in  
m illig ram s) ferrous su lfa te  h ep tahydra te , 33.3; m an ­
ganese su lfa te  m onohydrate, 33.3; po tassium  iodide, 
0.65; cuprous su lfa te  p en tahydra te , 1.67; zinc carbo­
na te , 9.6; sodium  m olybdate d ihydra te , 0.5; and 
sodium  selenite, 21.8  /¿g.

4 V itam in m ix tu re  P-2, p rem ix  in  10.0 g dextrose* 
H 2O per k ilogram  diet: ( in  m illig ram s) b io tin , 0.25; 
pyridoxine-H C l, 4; folic acid, 4; riboflavin, 10; th ia ­
m ine HC1, 10; v itam in  B 12 (0.1%  tr itu ra te ) , 20; Ca 
D -pantothenate, 20; n iac in , 50; an d  m enadione sodium  
bisulfite (6 3 % ), 1.

5 V itam in  m ix tu re  ADE-1, p rem ix  in  1 g com  oil: 
v itam in  A p a lm ita te , 10,000 IU ; v itam in  D3, 1,000 
ICU; and  v itam in  E ( d-a-tocopheryl ace ta te ) , 27.2 IU.

6 O ther constan t ingred ien ts: ( % )  iso lated  soybean 
p ro tein  (A ssay P ro te in  C-l, Skidm ore E nterprises, 
C in c in n a ti) , 28.3; cellulose (Solka Floe, Brown Com­
pany , G orham , N ew  H am p sh ire ), 2.0; DL-methionine, 
0.4; glycine, 0.2; corn  oil, 2.0; an d  choline chloride 
so lu tion  (70%  w /w ) , 0.214.

w ere decolorized by activated  carbon and  
analyzed fo r to tal reducing  sugars as 
above.

Experiment 2. U nfasted  chicks (1 6 -2 2  
days o ld ) reared  w ith  diet C5F ( 3 ) ,  w ere 
in jec ted  subcu taneously  w ith  5 uCi of chro- 
m atographically  and  au torad iographically  
pure l -14C-labeled D-glucose7 (1 .35  uC i/ 
umole), L-arabinose 8 (0.45 uCi/im iole) and  
D-xylose9 (0.62 uCi/um ole). R adioactivity 
in  expired CO. in  6 hours w as determ ined  
w ith  the aid  of an  e lec tro m e te r10 * based 
upon  high-resistance-leak m ethod  (7 ) .  At 
the end of the experim en tal period, the 
liver glycogen w as iso lated  from  each chick
(8 ) .  T he rad ioactiv ity  in  glycogen and 
“w ater-soluble” and  “insoluble” fractions 
of excre ta  w ere determ ined  using  liquid 
scin tillation .

RESULTS

Experiment 1. D ata  p erta in in g  to the 
perfo rm ance an d  biochem ical effects of 
d ietary  arab inose and  xylose are presen ted  
in  table 2. Increased  d ietary  pentose lev­
els decreased grow th and  efficiency of feed 
u tilization . Both pentoses a t the 40%  level

in  the d iet effected severe grow th re ta rd a ­
tion  and  depression in  feed efficiency.

M arked hem oconcen tra tion  w as ob­
served am ong birds receiving the  h ighest 
d ietary  pentose levels. Inc lusion  of p en ­
toses a t in term ed ia te  levels tended  tow ard 
increased  hem oconcentra tion .

The two h ig h er levels of arabinose in  
the chick’s d iet resu lted  in  elevations in  
to tal reducing  sugars in  blood p lasm a, al­
though these differences w ere n o t s ta tis ­
tically  significant. P roportional increm en ts 
in  to tal reducing  sugars w ere observed due 
to increase in  dietary  level of xylose, con­
firm ing the earlier repo rt ( 1 ) .  P ap er chro­
m atog raph ic  separations of p lasm a re ­
ducing  sugars show ed additional spots 
corresponding in  position w ith  s tan d ard s 
an d  in  in tensity  w ith  am ounts expected  by 
ca lcu la ting  the differences betw een to tal 
reducing  sugars and  true glucose (see 
calcu lation  in  table 2 )  am ong the b irds 
fed  arabinose and  xylose. T he m ethod  w as 
sensitive enough to detect the  presence of 
arab inose in  the p lasm a of chicks fed  the 
10% dietary  level. T he q uan tity  of D-glu­
cose in  the p lasm a by glucose oxidase 
m ethod  ind icated  th a t D-glucose value re ­
m ained  fairly  constan t.

A consisten t increase in  the cholesterol 
con ten t of the p lasm a w as observed due to 
pentose trea tm en t, corroborating  the  p re ­
vious report ( 1 ) .  A lkaline phosphatase 
activity w as significantly  low er am ong 
b irds receiving arabinose. As little  as 10% 
arabinose in  the d iet low ered the enzym e 
activity to 60%  of the contro l value. Ion 
concen tration  of po tassium  w as low er and  
th a t of chloride h igher in  the p lasm a of 
chicks fed  arabinose.

A few  trends in  the free am ino acid 
con ten t of blood p lasm a as influenced by 
dietary  carbohydrates w ere observed. The 
serine level w as h ig h er and  glu tam ic acid 
w as low er in  p lasm a of birds fed  p en ­
toses. The am oun t of p roline in  p lasm a 
w as h igher in  b irds receiv ing 40%  level of 
arabinose and  two h igher levels of xylose. 
A rabinose a t the two h ig h er levels de­
creased the lysine concen tration  in  p lasm a.

7 Yolk R adiochem ical Com pany, Skokie, Illinois.
8 N uclear R esearch  C hem icals, Inc., O rlando, 

F lorida.
9 See footnote 7.
10 Cary V ibrating  Reed E lectrom eter m an u fac tu re d

by Applied Physics C orporation, M onrovia, C alifornia .
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TABLE 3
M e ta b o lic  d isp o s it io n  o f  ra d io la b e le d  p e n to se s  in  c h ic k s  (e x p . 2 ) 1

Recovered radioactiv ity

Com pound Liver 
glycogen 2

E xcre ta  3 R eta ined
i“C 02 Soluble

frac tion
Insoluble
frac tio n

Total

% % % % % %
D -G lucose-l-14C 34 .2 0 .04  » 1 .1 0 “ 0.41 » 35 .7 64.3
L -A rab inose  1 14C 4 .5 7 0.04 » 13.5 b 4 .3 9  b 22 .5 77.5
D -X ylose-l-14C 3.95 0 .04  4 2 1 .6 » 2 .6 6  b 28 .2 71.8

1 T reatm en t values average of 3 ch ick s/trea tm en t. Average w eigh t of chicks w as 244.3 +  3.3 
(sx) g. R andom ized block design ( in  tim e) w as used. E ach  chick  w as in jec ted  subcutaneously  
w ith  5 jiC i of radio labeled  sugar.

2 Recovery of rad ioactiv ity  from  liver glycogen is based on the  assum ption  th a t  the  glycogen con­
ten t of the  liver w as 16 m g /g  of liver (1 ) .

3 The en tire  excreta  from  each  b ird  w as hom ogenized tw ice in  10 m l of d istilled  w ater, and  
cen trifuged  a t 5,000 re v /m in  fo r 10 m inu tes. The su p e rn a tan ts  w ere com bined and  concen trated  
to dryness. These were designated  “soluble frac tio n .” The sed im ent w as d ried  a t 65° fo r 8 hours and  
ground finely and  designated  “insoluble frac tio n .’

4 See table 2, footnote 2.

Total reducing sugars in excreta in­
creased with graded levels of dietary pen­
toses. Excretion of reducing sugars among 
birds fed 40% xylose was 3.4 times higher 
than those fed the glucose diet. Total 
lipids in liver and excreta decreased with 
increased dietary intake of either pentose.
Birds receiving xylose excreted very low 
amounts of fat.

Other components of plasma, viz., cal­
cium, phosphorus, total protein, albumin, 
uric acid, urea nitrogen, creatinine, so­
dium, aspartic acid, threonine, glycine, 
alanine, valine, cystine, methionine, iso­
leucine, leucine, tyrosine, phenylalanine, 
ornithine, histidine and arginine and also 
the bone ash content were not signifi­
cantly influenced by dietary pentoses and 
hence data are omitted.

Experiment 2. Recovery and retention 
of radioactivity from radiolabeled sugars 
injected into chicks are shown in table 3.
The amount of ’“CCh expired by the chicks 
injected with labeled glucose in 6 hours 
was much higher than that of those re­
ceiving labeled pentoses.

The “C label was pooly incorporated 
into the liver glycogen from l-14C-labeled 
D-glucose, L-arabinose and n-xylose within 
6 hours after administration. Although the 
recovery of 14C in glycogen was so low 
(0.04% ), the count rate for glycogen was 
consistently higher than the background.

Comparatively, little activity (1.5%) 
was observed in both “water-soluble” and 
“insoluble” fractions of excreta following 
radioactive glucose. Birds receiving labeled

arabinose and xylose excreted 17.9% and 
24.2%, respectively, of the administered 
activity. Only 35.7, 22.5 and 28.2% of the 
total radioactivity of glucose, arabinose 
and xylose, respectively, were recovered in 
expired C02, excreta and liver glycogen, 
indicating considerable retention.

DISCUSSION

Pronounced hemoconcentration has 
been reported in rats during depletion of 
10% of the body weight, followed by 
hemodilution as depletion progressed up 
to 40% due to restricted protein intake
(9 ) . It is suggested that the observed 
hemoconcentration with higher levels of 
arabinose and xylose may be related to 
decreased weight gain. Decrease in plas­
ma volume due to arabinose is also ac­
companied by reduction in alkaline phos­
phatase activity and change in ionic 
concentration (K+ and Cl“). Decrease in 
alkaline phosphatase activity may be due 
to direct interference by the pentose it­
self, to retarded enzyme synthesis, or to 
activity changes associated with pH of 
plasma. L-Arabinose may have utility as an 
inhibitor of alkaline phosphatase activity. 
Xylose was not inhibitory, nor did it influ­
ence K+ and Cl". Decrease in plasma ly­
sine among chicks receiving arabinose is 
an unexpected observation. Eckel et al.
(10) observed that in rats a loss in muscle 
potassium is at least partially compen­
sated for by a gain in free lysine which 
acts as a cation. In view of the previous 
work (1), decreased glutamic acid appears
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to be an implication of reduced citric acid 
cycle activity due to energy deficiency or 
modified metabolic pathways.

The decrease in the amount of liver fat 
in relation to high intake of pentoses may 
reflect greater net utilization of body fat in 
general. The excretion of fat in these 
chicks was lower than in control birds. If 
the chicks were using depot fat to com­
pensate for the lower available energy, 
this may well mean that net fat synthesis 
in these chicks is minimal.

Histochemical observations on liver 
showed that birds fed 40% arabinose 
suffered severe glycogen depletion as evi­
denced by lighter coloration with magenta 
stain as compared with control and xy­
lose treatments, in agreement with the 
chemical data reported (1). Cytological 
examination of the livers stained with 
hematoxylin and eosin indicated that the 
sinusoids from birds fed arabinose were 
highly compressed as compared with those 
of the control birds. This may be due to 
the hydropic action on the liver cells. Al­
though the cell nuclei appeared to be nor­
mal, vesicular spaces with no distinct cell 
boundaries were noticed. Birds receiving 
40% of xylose indicated pronounced cy- 
topyknosis of liver cells. The inability of 
liver cells to grow or divide at these levels 
was observed. Photomicrographic details 
of cytological studies are described.11 * These 
observations suggest that higher levels of 
dietary pentoses involve toxicity.

The appearance of higher amounts of 
xylose than arabinose in plasma may be 
due to the faster velocity of absorption 
and hence the net absorption of the for­
mer from the gastrointestinal tract (3) 
or higher kidney threshold, or both of 
these. Both xylose and glucose appear to 
be more efficiently reabsorbed than ara­
binose in agreement with intestinal ab­
sorption data (3). Wyngaarden et al.
(11) observed increases in blood glucose 
levels and serum inorganic phosphate fol­
lowing infusions of D-xylose and L-ara- 
binose in man. Present studies show that 
neither blood glucose nor plasma inorganic 
phosphate was affected in chicks due to 
dietary treatments.

It is believed that higher amounts of 
total reducing sugars in the excreta due to 
increased levels of dietary pentoses and

the appreciable amount of radioactivity in 
excreta (table 3) of chicks injected sub­
cutaneously are a reflection of pentose 
excretion via the urine. Due to experimen­
tal limitations urine and feces were not 
analyzed separately and the excretory 
products were not identified. However, it 
is apparent that part of the pentoses were 
either excreted directly or catabolized to 
excretory water-soluble compounds.

While the glycolysis of arabinose and 
xylose was retarded as evidenced by less 
radioactive C02 and more excreted radio­
activity, the amounts of label retained in 
the carcass were greater than for glucose. 
The low values of radioactivity in the 
glycogen appear to be due to the dilution 
of the incorporated label by inherent and 
undepleted amount of liver glycogen from 
the unfasted birds at the time of injection 
of labeled sugars. However, it is evident 
that small amounts of label were incor­
porated into glycogen due to pentoses. 
These results lend support to earlier data 
(1) showing substantial metabolizable 
energy values of arabinose and xylose and 
confirm that these sugars are used meta- 
bolically.

Kohn et al. (12) observed in rats that 
about one-half of the intraperitoneally 
administered n-glucose-l-14C was not ac­
counted for in metabolic products. The 
authors suggested that the radioactivity 
retained in the carcass was converted pri­
marily to macromolecular compounds. A 
recent report (13) has indicated that 
particles from the oviducts of hens have 
the ability to incorporate intact xylose 
molecules into tissue glycoprotein. Bio­
synthesis of UDP-xylose by decarboxyla­
tion of UDP-glucuronic acid has been 
demonstrated in avian species (14). Con­
siderable radioactivity from each admin­
istered sugar was retained in the carcass 
and it is likely, in view of the observed 
slow oxidation to COz, that most of the 
retained radioactivity is incorporated as 
such into glycoprotein, protein, or acid 
mucopolysaccharides.

In bacteria isomerization of D-xylose to 
D-xylulose and enzymatic phosphorylation 
of D-xylulose to D-xylulose-5-phosphate by 
ATP has been reported (15, 16). The in­

ii W agh, P. V. 1965 Ph.D. Thesis, U niversity  of
M innesota, St. Paul.
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corporation of a small amount of the la­
bel into expired C02, therefore, suggests 
that in chicks an isomerase may be pres­
ent which by isomerization and phosphory­
lation would move D-xylose to enter in the 
pentose phosphate pathway.

Existence of an enzyme converting l - 
arabinose to L-arabitol has been suggested
(17). The pathway of conversion of 
L-arabitol — > L-xylulose —» D-xylitol — > d - 
xylulose (18-20) permitting L-arabinose 
to slowly oxidize to C02 is known. As an 
alternative, the conversion of L-arabino- 
furanose —» L-arabano-y-lactone —» L-arab- 
onic acid — > a-ketoglutarate has been 
demonstrated in a bacterial system (21) 
providing a potential pathway for the cat­
abolism of L-arabinose to C02.
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Albumin Content of Rat Hepatic Cells at Different 
Levels of Protein Intake * 1
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D e p a r tm e n t  o f  N u tr i t io n  a n d  F ood  S c ie n ce ,
M a ss a c h u s e tts  I n s t i tu te  o f  T e c h n o lo g y ,
C a m b r id g e , M a ssa c h u se tts

A B S T R A C T  A study was carried out to determ ine whether the protein content of 
the diet affects serum album in synthesis by regulating the number of liver cells ac­
tively m aking albumin. A fluorescent anti-serum was prepared against rat albumin  
and used for identification of liver cells containing album in. The num ber of albumin- 
containing cells in  the liver w as greatest w hen anim als were fed a diet rich in  pro­
tein; the num ber w as at an interm ediate level w hen  m aintained w ith a stock diet; 
and the num ber was very infrequent w hen the diet was devoid of protein. This ob­
servation is consistent w ith the effects of feed ing different levels o f protein or. serum  
album in turnover, on the protein content of the liver, and on the distribution of al­
bum in in  the liver cell.

Serum albumin is formed exclusively in 
in the liver (1,2). Its identification within 
individual hepatocytes has been made pos­
sible by using the fluorescent antibody 
technique introduced by Coons and Kaplan
(3). In this procedure, an antibody is pre­
pared which is specific for a single protein; 
the antibody is then coupled to a dye that 
fluoresces in ultraviolet fight. Thus, it be­
comes possible to identify the location of 
a protein in individual cells by treating 
sections of the tissue with the fluorescent 
antibody and thereafter viewing them by 
ultraviolet microscopy. Gitlin and co-work­
ers (4) used this procedure to study the 
tissue distribution of several human 
plasma proteins. More recently, Hama- 
shima et al. (5) improved the procedure 
for obtaining fluorescein-conjugated anti­
albumin globulin and for fixing the al­
bumin in the tissue samples and used this 
improved technique to localize albumin in 
human fiver cells obtained at operation. 
The cytoplasm of some hepatocytes was 
found to stain brightly, while that of 
others did not. In consequence, they sug­
gest that synthesis of albumin is an all-or- 
none process engaged in by only a propor­
tion of the hepatocytes at a time. If this is 
so, the rate of albumin synthesis could be 
varied by increasing or decreasing the 
number of active cells.

It is now well-established that the me­
tabolism of serum albumin is affected by 
dietary protein intake. For example, the 
feeding of a protein-deficient diet results 
in a reduction in the concentration of al­
bumin in the plasma (6, 7). This occurs 
despite a retardation in the rate of albumin 
breakdown during protein depletion (8, 9). 
Consequently, there must be an even 
greater reduction in the rate of albumin 
synthesis in the fivers of animals receiv­
ing an inadequate protein intake. It would 
be expected therefore that animals fed a 
diet deficient in protein would show few 
albumin-containing hepatocytes, whereas 
animals given a high intake of protein 
would have many hepatocytes exhibiting 
fluorescence when treated with the fluor­
escent antibody to plasma albumin. In the 
experiments described in the present re­
port, this has been confirmed in rats fed 
different levels of protein.
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E X P E R IM E N T A L

Animals and diets. Young adult male 
albino rats weighing 140 to 200 g were se­
lected from the department colony (Wis- 
tar strain). Control animals were fed ad 
libitum a stock diet containing 16% pro­
tein. Other groups were fed either a pro­
tein-rich diet providing 28% casein or a 
protein-free diet at the same calorie in­
take, namely 1450 kcal/nfl/day (8). The 
adequate diet contained 28.5% casein, 
41.8% potato starch, and 15% glucose; 
the protein-free diet provided 64% starch 
and 21% glucose, but no protein. Both 
diets also included 5% margarine fat and 
10% of a vitamin-mineral-roughage mix­
ture.5 6 The diets were fed for 4 days and 
then the animals were anesthetized with 
ether, blood was removed from the infe­
rior vena cava into heparinized tubes and 
the liver excised.

Preparation of tissue sections. The pro­
cedure of Hamashima et al. (5) was used. 
Small samples of liver were fixed in 95% 
ethanol containing 1% acetic acid at 4° 
overnight, then dehydrated, cleared, and 
embedded in paraffin as described by 
Sainte-Marie (10). Sections 4 a thick were 
cut, dried, deparaffined, rehydrated and 
stained with fluorescent antibody for one- 
half to one hour. After washing with phos­
phate-buffered saline, the sections were 
mounted in glycerol, or after dehydration 
in “UV inert” medium,“ before being exam­
ined in the fluorescence microscope. Other 
sections were stained with hematoxylin 
and eosin.

Preparation of fluorescent antibody to 
rat albumin. Albino rabbits were immun­
ized against whole rat plasma by the pro-

cedure of Benjamin and Weimer (11). Rat 
albumin was prepared by chromatography 
on DEAE-Sephadex of a crude fraction ob­
tained from rat plasma by half-saturation 
with ammonium sulphate (12). The final 
preparation of albumin had a molecular 
weight of 66,000 and gave a single band 
after immunoelectrophoresis on agar gel
(13) and by the Ouchterlony agar diffu- j 
sion plate technique (13) when tested 
against antibody to whole rat plasma. This 
pure albumin was then used in the prepar­
ation of a specific anti-rat albumin in rab­
bits by the same procedure described ear­
lier. After completion of the immunization 
program, a crude globulin fraction was ob­
tained from the anti-rat albumin anti­
serum by half-saturation with ammonium 
sulphate. This crude globulin was then 
conjugated with fluorescein isothiocyan-
ate using the procedure of Marshall et al.
(14) . Unconjugated fluorescent material 
was removed by dialysis against phos­
phate-buffered saline at pH 7, followed by 
passage through a G50 Sephadex column.
To reduce nonspecific staining, the fluor­
escent antibody was purified by column 
chromatography using DEAE-cellulose
(15) . The purity of the fluorescent glo­
bulin was confirmed by precipitin tests, 
diffusion in agar and the fluorescence

5 This m ix tu re  con ta ined  per 100 g: ( in  g ram s) 
s ta rch , 41.0; cellulose (W ood Flock, Brown Com pany,
B erlin , N. H. ), 11.3; cod liver oil, 11.3; w heat germ 
oil, 2.7; sodium  chloride, 8.5; d icalcium  phosphate ,
8.4; po tassium  citra te , 6.6; ca lc ium  carbonate , 3.9; 
d ipotassium  phosphate, 1.8; choline chloride, 3.6; and  
( in  m illig ram s) m agnesium  carbonate , 950; ferric  
c itra te , 380; m anganous su lfa te , 30; copper su lfa te , 4; 
po tassium  a lum inum  su lfa te , 2; cobalt chloride, 2; 
potassium  iodide, 1; zinc carbonate , 1; sodium  fluoride,
0.02; inositol, 90; p-am inobenzoic acid, 45; ca lc ium  
p an to thenate , 18; n ico tin ic  acid, 9; th iam in e  HC1, 2; 
riboflavin, 2; and  pyridoxine • HC1, 2.

6 G. T. G urr, L td., London.

TABLE 1
C o n c e n tra tio n s  o f  p la s m a  p ro te in , p la s m a  a lb u m in  a n d  liv e r  p r c te in  in  ra ts  f e d  s to c k  d ie t  

(1 6 %  p ro te in ) ,  a  2 8 %  p r o te in  d ie t  a n d  a  p ro te in - fre e  d ie t

D iet
P lasm a p ro te in  concn Liver 

pro tein  
concn 3T o ta l1 A lbum in 2

9 / 1 0 0  m l m g / g
S tock 6 .5  +  0.51  * 3 .34  +  0.81 1 8 4 +  1.0
28%  p ro te in 6 .6  +  0.61 3 .53  +  0 .64 2 0 9 + 1 4 .7
0%  p ro te in 6 .3  +  0.41 2 .9 0  +  0 .52 1 6 6 +  8 .0

1 M ean of 9 ra ts /d ie ta ry  group. T here are  no significant differences betw een groups (P  >  0.05).
2 M ean of 9 ra ts /d ie ta ry  group. P lasm a a lbum in  levels w ith  th e  protein-free d iet are significantly  

low er th a n  w ith  the  o ther 2 diets (P  <  0.02).
3 M ean of 3 ra ts /d ie ta ry  group. The concen tra tion  of liver p ro te in  is significantly  low er w ith  the  

protein-free d iet th a n  on the  28%  pro te in  d iet (P  <  0.05).
4  S D .
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F ig u r e  l a

F ig u r e  l b

F ig . 1 P h o to m ic r o g r a p h s  o f  s e c t io n s  o b ta in e d  fr o m  th e  liv e r s  o f  ( a )  r a ts  fe d  a  28%  p ro ­
te in  d ie t  a n d  ( b )  r a ts  f e d  a  0 %  p r o te in  d ie t  a n d  tr e a te d  w ith  f lu o r e s c e n t  a n t i-a lb u m in .  
L o w  p o w e r  ( X  4 4 ) .  A n  O r th o lu x  m ic r o sc o p e  w ith  O r th o m a t c a m e r a  a n d  p h o to e le c tr ic  e x ­
p o s u r e  m e te r  (E .  L e itz , W e tz la r )  w a s  u s e d  w it h  K o d a k  L in o g r a p h  f i lm  ( 3 5  m m ) .  A ll e x ­
p o s u r e s  w e r e  m a d e  a u to m a t ic a l ly  a t th e  s a m e  in s tr u m e n t  s e t t in g  a n d  th e  p r in t s  w e r e  p ro ­
d u c e d  u n d e r  id e n t ic a l  s ta n d a r d  c o n d it io n s .
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F ig u r e  2 a

F ig u r e  2 b

F ig . 2  S a m e  as fig u re  1 , b u t u n d e r  h ig h e r  p o w e r  m a g n if ic a t io n  ( X  1 0 9 ) .

spectrum obtained in the Aminco-Bowman 
Spectrofluorimeter (16).

Analytical methods. Total liver protein 
was estimated on a sample of an aqueous 
homogenate of liver by the method of 
Lowry et al. (17). Total plasma protein 
and plasma albumin were determined by 
the procedure of Gomall et al. (18). The

proportion of plasma albumin was veri­
fied by the paper electrophoretic method 
of Kenny (19).

R E S U L T S

Deprivation of protein or feeding a pro­
tein-rich diet for 4 days had no significant 
effect on the total concentration of pro­
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tein in the plasma (table 1). However, 
this short period did lead to a significant 
reduction in plasma albumin concentra­
tion in the group deprived of protein 
(table 1). For comparison, the change in 
the liver total protein content in animals 
from one experimental series is also shown 
in table 1. The groups fed the 28% and the 
0% protein diets showed a significant 
17% difference in liver protein level (t 
test, 0.05>P>0.02). In contrast with these 
small but significant changes, the number 
of albumin-containing cells in the liver 
was markedly affected by diet. The ap­
pearance of the fluorescent-stained fields 
(fig. 1, 2) was similar to the fields ob­
tained by Hamashima et al. (5) in sec­
tions from human subjects. Sections cut 
from the livers of animals fed the 28% 
protein diet were highly fluorescent and 
the nuclei of almost all the hepatocytes 
were clearly visible as dark areas against 
the fluorescent cytoplasm. The degree of 
fluorescence varied considerably but was 
most marked along the sinusoids. In con­
trast, there was very little fluorescent 
staining in sections cut from the livers of 
protein-deficient animals. There was only 
an occasional isolated fluorescent cell, 
again with an increase in albumin-contain­
ing cells close to the sinusoids. The appear­
ance of sections prepared from control 
animals fed the stock diet was intermedi­
ate between these extremes.

An attempt was made to place these ob­
servations on a quantitative basis, by enu­
merating the numbers of fluorescent cells 
per microscopic field. In an initial exper­
iment, 2 groups were compared, one fed 
28% protein and the other the stock diet 
and the number of fluorescent cells per 
high power field was counted. The aver­
age number of fluorescent cells per field 
in the 28% protein groups was 143 ( s d ±

13.4); for the controls fed stock diet the 
mean number of fluorescent cells per field 
was 24 ( sd±8.5), a difference that is 
statistically highly significant. To make a 
more thorough evaluation of the influence 
of protein intake, the percentage of fluor­
escent cells was then enumerated in sev­
eral fields for rats receiving each of the 3 
diets fed. Table 2 evaluates the effect of 
diet on the proportion of liver cells with 
visible albumin. It is apparent that the per­
centages of hepatic cells that fluoresce are 
related to the protein content of the diet.

To eliminate the possibility that these 
findings resulted from nonspecific binding 
of fluorescent material, some sections 
from animals fed either 28% or 0% pro­
tein were treated with fluorescent-labeled 
anti-albumin which had been mixed with 
rat albumin before staining to neutralize 
the antibody. Sections prepared in this way 
showed no fluorescent material.

D IS C U SS IO N

The picture presented by the present 
studies (table 1) confirm earlier demon­
strations (6, 7) that the level of plasma 
albumin is a more sensitive index than the 
level of total plasma protein to deficiency 
of dietary protein. Protein deficiency re­
duced both the plasma albumin level and 
the total protein concentration in the liver 
to approximately 20% below the level ob­
tained with animals fed the high protein 
diet. The levels observed with animals fed 
the stock diet (16% protein) were inter­
mediate between these extremes. This pic­
ture can be compared with the more 
marked changes in histochemically iden­
tifiable albumin in the hepatocytes of 
animals fed these different diets (table 
2; figs. 1, 2). At the highest level of pro­
tein intake, the majority of cells stained 
for albumin, whereas with the protein-

TABLE 2
D ie ta ry  p ro te in  c o n te n t  a n d  fr e q u e n c y  o f  f lu o re sc e n t ce lls  1

Diet
Total no. 
of cells 

exam ined
P arenchym al

cells
Kupffer

cells
F luorescent

cells

% % %
S tock 284 75 25 10
28%  p ro te in 296 77 23 60
0%  p ro te in 341 74 26

1 T en fields coun ted /d le t.
2 Too in freq u en t to m easure accurately.
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free diet such cells were infrequent. This 
could imply that albumin biosynthesis is 
grossly reduced in the liver of the protein- 
deficient animal by restricting the number 
of active cells, as suggested by Hama- 
shima et al. (5). However, it is also pos­
sible that hepatocytes containing identifi­
able albumin do so because of accumula­
tion of albumin within the vesicles of the 
endoplasmic reticulum as a result of vig­
orous secretion of this protein into this 
intracellular transport system (20). Fluor­
escent albumin within the cell may there­
fore represent mainly the albumin within 
these vesicles and not necessarily albumin 
only at the site of synthesis. It would not 
be unexpected if the total amount of al­
bumin undergoing intracellular transport 
fell sharply during depletion. Hoffenberg 
et al. (21) observed in human volunteers 
subjected to protein deficiency that the 
extravascular albumin pool was more rap­
idly affected than the intravascular pool; 
albumin within the vesicles of the endo­
plasmic reticulum is one form of extra- 
vascular albumin. These considerations 
show that the interpretation of immuno­
fluorescence studies of hepatocyte albumin 
content is not a simple one.
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Effect of Threonine on Tyrosine Metabolism of Rats 
Fed a  Low Protein Diet

C L A U D E  G O D IN
D e p a r tm e n t  o f  B io lo g y , U n iv e r s i ty  o f  O tta w a ,
O tta w a , O n ta rio , C a n a d a

A B S T R A C T  T h e  a l le v ia t io n  o f  ty r o s in e  to x ic it y  o b ta in e d  b y  th e  a d d it io n  o f  th re o ­
n in e  to  a 3%  ty r o s in e  lo w  p r o te in  d ie t  w a s  s tu d ie d  to  d e te r m in e  th e  m o d e  o f  a c t io n  o f  
th r e o n in e . R a ts  fe d  a  3%  L -ty ro sin e  a n d  1 .25%  L -th reo n in e  lo w  p r o te in  d ie t  h a d  a  
lo w e r  p la s m a  ty r o s in e  c o n c e n tr a t io n  a s  c o m p a r e d  w ith  r a ts  f e d  a 3%  L -ty ro sin e  lo w  
p r o te in  d ie t. I n je c t io n  o f  th e s e  r a ts  w ith  L -ty ro sin e -U -14C in d ic a te d  th a t  th e  e f fe c t  o f  
th r e o n in e  w a s  n o t  to  in c r e a s e  th e  c a ta b o lis m  o f  ty r o s in e  to  14C 0 2 b u t  to  in c r e a s e  th e  
e x c r e t io n  o f  r a d io a c t iv ity  in  th e  u r in e  a n d  th e  in c o r p o r a t io n  o f  r a d io a c t iv e  ty r o s in e  
in to  p la s m a  a n d  liv e r  p r o te in s . I n  r a ts  r e c e iv in g  a n  e x c e s s  o f  ty r o s in e  or  th r e o n in e  or  
b o th  a m in o  a c id s , th e  in c o r p o r a t io n  o f  D L -a la n in e - l-14C in to  t is s u e  p r o te in s  w a s  a ls o  
in c r e a s e d  o v e r  th e  c o n tr o l r a ts  in d ic a t in g  a  g e n e r a l s t im u la t io n  o f  a m in o  a c id  in c o r ­
p o r a t io n  in to  p r o te in s .

Recently Harper and co-workers (1) 
have shown that the addition of 1.25% of 
L-threonine to a high tyrosine, low protein 
diet prevented the appearance of the typi­
cal symtoms of tyrosine toxicity and im­
proved growth. The addition of threonine 
to the diet reduced the concentration of 
plasma tyrosine (2) and a stimulation by 
threonine of the oxidation of tyrosine in 
the liver was suggested as a possible ex­
planation for the reduced tyrosine con­
centration in plasma. The present report 
describes a study of the metabolism of ra­
dioactive tyrosine in rats fed high threo­
nine and high tyrosine diets.

E X P E R IM E N T A L

Young 50-g male albino rats of the Wis- 
tar strain were used. Food and water were 
supplied ad libitum. The basal diet had the 
following composition: ( in % dry weight) 
casein, 8.0; starch, 75.0: hydrogenated 
vegetable oil, 13.0; salt mixture and vita­
min supplement, 4. The salts and vitamins 
have been described previously (3) and 
were used in the same amounts. The nia­
cin content of the diets was 0.06 g/100 g. 
The diets used were prepared by adding to 
the basal diet 0.2% DL-methionine (diet 1); 
0.2 DL-methionine and 3% L-tyrosine (diet 
2); 0.2% DL-methionine and 1.25% L-thre­
onine (diet 3); or 0.2% DL-methionine, 
3% L-tyrosine and 1.25% L-threonine (diet
4). Four groups of 8 rats each were fed 
ad libitum the diets described. After 21

days the rats were injected intraperitone- 
ally 0.5 ml of isotonic sodium chloride con­
taining 1 mg of L-tyrosine-U-14C or DL-ala- 
nine-l-14C (specific activity 1 uCi/mg).* 1 
The excretion of radioactivity in respiratory 
COz and in urine and the incorporation of 
14C-amino acids in tissue proteins were de­
termined as described previously (3).

R E S U L T S

When rats maintained for 21 days with 
the 4 experimental diets, the 3% L-tyro­
sine diet (diet 2) and the 3% L-tyrosine 
and 1.25% L-threonine diet (diet 4) de­
pressed growth (table 1) but not as mark­
edly as reported earlier (1). Excess thre­
onine in the diets (diets 3 and 4) de­
creased the plasma tyrosine level as com­
pared with the level in rats fed diets 1 and 
20. Here again the decrease in tyrosine 
level was not as great as that reported else­
where (2). Eye and jaw lesions were ob­
served in rats fed diet 2 after 7 days but 
very few lesions were observed in rats fed 
diet 4, even after 21 days.

Tracer doses of L-tyrosine-14C were in­
jected into rats fed the 4 experimental 
diets. Excretion of radioactivity in respir­
atory C02 and in urine was determined 
during the 6 hours following injection 
(table 2). In rats fed a high tyrosine diet

Received fo r pub lica tion  A pril 5, 1967.
1 R adioactive am ino acids w ere ob tained from  the  

Atomic Energy of C anada, Com m ercial P roducts D i­
vision, O ttaw a, C anada.

J. N u t r it io n , 9 2 :  ’67. 503
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TABLE 1
E ffe c t  o f  3 %  -L-tyrosine a n d  1 .25%  i- th r e o n in e  o n  p la s m a  a m in o  a c id s  a n d  g r o w th 1

D ietary
trea tm en t

Body w t P lasm a am ino acid  concn  2

21 days Tyrosine T hreonine A lan ine

1 C o n tro l
9

55 .9  ± 1 .8  3
/¿ m o le s /1 0 0  m l  -p la sm a  

12.0  10 .5  7 9 .7
2 3%  L -ty rosine 40 .4  ± 2 .6 4 7 .0 9.5 6 4 .2
3 1 .25%  L -th reo n in e 52 .0  ± 1 .4 7.8 16.4 80 .4
4 3%  L -ti/ro s in e -f  

1 .25%  L -th re o n in e 4 6 .4  ± 2 .2 27 .0 6.6 6 7 .0

1 Pooled sam ples fo r a ll 4 groups of 4 ra ts.
2 Am ino acids w ere analyzed on an  au tom atic  am ino acid  analyzer a f te r  p rec ip ita tion  of the  

p lasm a pro teins w ith  3% salicylsuphonic acid.
s  M ean +  s e .

TABLE 2
E x c re tio n  o f  ra d io a c tiv ity  in  C O 2 a n d u r in e  o f  ra ts in je c te d  w i th  ra d io a c tiv e ty ro s in e  a n d a la n in e  1

Substance 
in jec ted  2

Recovered
in

Tim e
elapsed

E xcretion  of rad ioactiv ity , cum ulative percen tages 

D iet 1 D iet 2 D iet 3 D iet 4

L-T yrosine-U -14C co2
hours

1 10.1 ± 1 .2  3 12.3 ± 1 .6 8 .2 ±  1.9 1 0 .6 ±  1.7
co2 6 24 .6  ± 1 .9 3 9 .6 ± 2 .1 1 8 .5 ± 2 .4 36 .0  ± 3 .2
u r in e 6 2 .9  ± 0 .8 4 .5 ±  1 .2 5 .4 ± 1 .1 5 .8  ± 1 .4

D L -A lan ine-l-14C co2 1 3 9 .6 ± 3 .4 4 0 .6 ±  1.8 3 8 .2 ± 3 .8 4 1 .0 ±  1.6
co2 6 74.9  ± 2 .7 7 3 .0 ± 3 .0 7 4 .7 ± 4 .1 7 5 .6  ± 2 .9
u r in e 6 1.4 ± 0 .2 1 .2 ± 0 .2 0.8 ± 0 .1 1 .0 ± 0 .1

1 Six ra ts  w ere used in  each experim ent. D iets are  described in  th e  E xperim en ta l section. R a ts w ere fed  
ad lib itu m  fo r 21 days before adm in istra tio n  of isotopes.

2 Isotonic N aC l (0.5 m l)  con ta in in g  1 m g of th e  rad ioactive substance (1 ¿¿Ci/mg) w as in jec ted  in trap eri-  
toneally .

3 M ean ±  se of m ean  of cum ulative percen tages of adm in istered  dose excreted.

(diets 2 or 4) the catabolism of radioac­
tive tyrosine to 14C02 and the excretion of 
radioactivity in the urine was increased. 
Stimulation of the catabolism of radioac­
tive phenylalanine and radioactive tyro­
sine in rats fed a high phenylalanine diet 
has been reported (3).

When an excess of threonine was pre­
sent as well as an excess of tyrosine (diet
4) the increase in excretion of radioac­
tivity was not as great but the differences 
between the 2 treatments (diets 2 and 4) 
were not significant. In rats fed a high 
threonine diet (diet 3) the excretion of 
radioactivity in C02 was slightly lower than 
in the control group (diet 1). The differ­
ence was significant only after 6 hours. 
The excretion of radioactivity in urine, 
however, was higher in rats fed diet 3 
than in rats fed diet 1. These results in­
dicate that the lowering of the tyrosine in 
plasma of rats observed both in the pres­
ent study and previously (2) was not the 
result of stimulation by threonine of tyro­
sine oxidation. In addition, table 2 shows

that under the same experimental condi­
tions the catabolism of radioactive alanine 
to C02 and the excretion of radioactivity 
in urine was not modified significantly by 
an excess of tyrosine or threonine in the 
diet.

The incorporation of 14C coming from 
injected tyrosine or alanine into trichloro­
acetic acid-insoluble plasma and liver pro­
teins is reported in table 3. In rats fed the 
high tyrosine diet (diet 2), the incorpora­
tion of I4C-tyrosine into proteins was 
slightly lower than in control rats. This 
was not unexpected as it has been reported 
that in rats fed a high phenylalanine diet, 
the incorporation of radioactive phenylala­
nine into tissue proteins is lower than in 
control rats (3). This is probably the re­
sult of the dilution of the injected radio­
active amino acid by the excess of the 
same amino acid in the plasma. In rats 
fed a high threonine diet (diet 3), the in­
corporation of I4C-tyrosine in tissue pro­
teins was much higher than in control rats. 
In rats fed the high tyrosine and threonine
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TABLE 3

D is tr ib u tio n  o f  ra d io a c tiv ity  in  so lu b iliz e d  tis su e  p ro te in s  o f  ra ts  in je c te d  w i th  
ra d io a c tiv e  ty r o s in e  a n d  a la n in e 1

Substance 
in jec ted  2 T issue D iet 1 Diet 2 Diet 3 Diet 4

r-T y ro s in e -U -14C liv e r
c o u n t /  m i n / m g  p r o te in  

5.1 ±  0 .7  3 3 .6 ±  0 .3 1 1 .4 ± 0 .8 4 .8  ± 0 .7
p la s m a 14.4 ± 1 .2 9 .0  ± 0 .4 2 6 .7 ±  1.2 14.7 ±  0.9

D L-A Ianine-l-I4C liv e r 5 .2 ±  0 .2 8 .5 ± 0 .2 9.1 ±  0.1 7.0 ±  0.8
p la s m a 1 0 .6 ± 0 .6 16.1 ± 0 .4 19.6 ±  1.0 12.7  ±  0.3

1 Four ra ts  w ere used  in  each  experim ent. D iets w ere fed  ad lib itum  fo r 21 days before adm in istra tion  
o f isotope. P rote ins w ere obtained  and  counted  as described previously (3 ).

2 Isotonic N aC l (0.5 m l)  con ta in in g  1 m g of the  radioactive substance (1 /¿C i/m g) w as in jec ted  in tra - 
peritoneally , an d  represen ted  106 co u n t/m in .

3 M ean +  s e .

diet 4, the effect of threonine was to in­
crease the incorporation of radioactive 
tyrosine into proteins to the same level as 
in the control rats and therefore to prevent 
the decrease in incorporation observed in 
rats fed diet 2. Under the same experi­
mental conditions, an excess of tyrosine 
or threonine in the diet stimulated the in­
corporation of radioactive alanine in 
plasma and liver proteins. A decrease in 
alanine plasma concentration was also ob­
served in some cases (table 1).

D IS C U SS IO N

The results presented here indicate that 
the decrease in plasma tyrosine concen­
tration in rats fed a 1.25% L-threonine 
diet (diets 1 and 2) was not the result of 
stimulation of the oxidation of tyrosine. 
On the contrary, the catabolism of tyrosine 
to C02 was slightly decreased in rats hav­
ing a high plasma threonine concentra­
tion. That there is no stimulation of amino 
acid oxidative catabolism in general under 
these conditions is indicated by the un­
changed excretion of radioactivity in C02 
after injection of radioactive alanine.

The decrease in plasma tyrosine con­
centration in the presence of excess thre­
onine was due 1) to a slight increase in 
the excretion of radioactivity from 14C-tyro- 
sine in the urine, and 2) to an increase in 
the incorporation of radioactive tyrosine 
in plasma and liver proteins. This in­
crease in incorporation of tyrosine into 
proteins was the result of an increase in 
protein synthesis as indicated by an in­
crease in the incorporation of 14C-alanine 
in proteins under the same conditions. 
This more efficient use of amino acids for

protein formation when rats are fed those 
unbalanced diets is comparable to the in­
creased incorporation into proteins of the 
most limiting amino acid observed by Yos- 
hida and co-workers (4) in cases of amino- 
acid imbalance.

In diet 1, threonine is the limiting amino 
acid. Addition of threonine to the diet pro­
vided a better-balanced diet and the rats 
fed diet 3 incorporated tyrosine and alanine 
into proteins to a greater extent than the 
control rats (diet 1). Addition of tyrosine 
to diet 1 also provided a better-balanced 
diet as shown by an increased incorpora­
tion of radioactive alanine in rats fed diet
2. However, the beneficial effect of the ad­
dition of tyrosine or threonine to diet 1 
on the utilization of amino acids for pro­
tein synthesis was not additive. When 
both tyrosine and threonine were added 
to diet 1, the increase in incorporation of 
alanine in the proteins of rats fed diet 4 
was not as great as the one obtained in 
rats fed diet 2 or diet 3. The addition of an 
excess of these 2 amino acids together may 
very well produce a large increase in the re­
quirement for some other essential amino 
acids present in a low concentration in the 
diet, thus limiting the utilization of amino 
acids for protein synthesis.

The increased excretion of radioactivity 
in the urine of rats injected with L-tyrosine- 
14C could be due to the presence in the 
plasma of a large excess of a given amino 
acid such as tyrosine or threonine.2 In­
creased excretion of radioactivity in the 
urine of rats injected with radioactive

2 Cullen, A. M., and  H. N. C hristensen  1966 Ef­
fec ts on am ino acid  d istribu tion  of the  in jec tion  of 
m odel am ino  acids. Federation  Proc., 25; 541 (a b ­
s tra c t) .
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phenylalanine or tyrosine and maintained 
with a high phenylalanine diet has been 
observed previously (3). However, no in­
crease in the excretion of radioactivity was 
observed when the rats were injected with 
radioactive alanine. This could indicate 
some competition between threonine and 
tyrosine during reabsorption in the renal 
tubules, competition which would not in­
volve alanine.
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students in biology, 1966-1967, for helpful 
technical assistance.
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Proceedings of the Thirty-first Annual Meeting 
of the American Institute of Nutrition

S H E R A T O N -B L A C K S T O N E  H O T E L , C H IC A G O , IL L IN O IS  
A P R IL  1 6 - 2 1 ,  1 9 6 7

C O U N C IL  M E E T IN G S

The Council of the American Institute 
of Nutrition met Saturday evening, April 
15, and Sunday morning and evening, 
April 16. The actions of the Council were 
presented at the Institute business meet­
ings and are included in the report of those 
meetings, published below.

S C IE N T IF IC  S E S S IO N S

A total of 351 abstracts of papers was 
accepted by the AIN; 55 were transferred 
to other societies or intersociety sessions, 
59 were accepted from other societies, 
making a total of 355 papers programed 
by the Institute. These were arranged into 
27 regular AIN and 5 intersociety (Athero­
sclerosis) sessions. In addition, two in­
formal conferences were held, Poultry Nu­
trition and Ruminant Nutrition. Six AIN 
symposia were programed this year, sched­
uled in pairs with no concurrent short- 
paper sessions.

1. Nutrition and Bone Loss
2. Malabsorption
3. Geographic Nutrition
4. Nutrition and Work Performance
5. Nutrition and Prenatal Develop­

ment
6. Alcohol, Metabolism and Liver

Disease

B U S IN E S S  M E E T IN G S

Business meetings were held on Tues­
day, April 18 and Thursday, April 20. Dr. 
A. E. Schaefer presided at both meetings.

I. Proceedings of 1966 Meeting
The Proceedings as published in the 

Journal of Nutrition, 90: 101-114, 1966, 
were approved.

II. Elections
The 658 ballots were counted by Drs. 

M. S. Read and C. J. Ackerman. The fol­
lowing were elected :

P resid en t-E  le d :
R ic h a r d  H . B a rn es  

C ouncilo r:
H o w e rd e  E . S a u b e r lic h  

N o m in a t in g  C o m m itte e :
J. K. L o o s li ,  C h a ir m a n  
D o r is  H . C a llo w a y  
P h ilip  L. H a rr is  
F red  A . K u m m e ro w  
C a lv in  W . W o o d ru ff

III. Revision of AIN Constitution 
and Bylaws

The revised AIN Constitution and By­
laws were approved by 592 in favor and 
10 against. The newly adopted Constitu­
tion and Bylaws will appear in the 1967 
Federation Directory of Members.

IV. Membership
As of April 15, 1967, there were 1097 

members of the Institute: 966 active, 110 
retired, and 21 honorary members, this 
being a net increase of 63 members since 
last year. Fourteen members retired dur­
ing the year. The Clinical Division reports 
a total membership of 189.

Notice of the deaths of the following 
members was received since our last an­
nual meeting:
A d e lia  M . B e e u w k e s , J u n e  2 3 , 1 9 6 6
H . L o u is e  C a m p b e ll (C h a r te r  M e m b e r ) ,

F e b r u a r y  2 7 , 1 9 6 7
W . H . C h a m b er s  (C h a r te r  M e m b e r ) ,

A p r il 1 6 , 1 9 6 6
V. H . C h e ld e lin , A u g u s t  2 3 , 1 9 6 6  
E . B . F o rb es  (C h a r te r  M e m b e r ) ,

S e p tem b e r  8 , 1 9 6 6
G eorge  J. H a m w i, F e b r u a r y  1 4 , 1 9 6 7  
B . W . H e y w a n g , M ay  1 9 , 1 9 6 6  
R e b e c c a  B . H u b b e ll, N o v e m b e r  3 , 1 9 6 6
I. S. K le in e r  (C h a r te r  M e m b e r ) ,  J u n e  1 5 , 1 9 6 6  
D . A . L ib b y , J a n u a r y  3 1 , 1 9 6 7

J. N utrition , 92: '67 5 0 7
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E . J. Q u in n  (C h a r te r  M e m b e r ) ,  F e b r u a r y  1 2 , 1 9 6 7  
W . C. S u p p le e , J u ly  2 5 , 1 9 6 6  
D . W . W o o lle y , J u ly  2 3 , 1 9 6 6

In accordance with the wishes expressed 
by the membership to shorten the business 
meetings, it was decided that resolutions 
on deceased Charter Members would not 
be read during the meetings but would be 
published as part of the Annual Proceed­
ings for permanent record.
R E SO L V E D : T h a t  th e  A m e r ic a n  I n s t itu te  o f

N u tr it io n  a s se m b le d  in  C h ic a g o , I l l in o is ,  a t its  
a n n u a l m e e t in g ,  A p r il 1 8 , 1 9 6 7 , p la c e  i n  its  
P r o c e e d in g s  fo r  p e r m a n e n t  r eco rd  th is  s ta te ­
m e n t  o f  d eep  r eg r e t  a n d  so rro w  a t  th e  lo s s  b y  
d e a th  o f  i t s  C h a rter  M em b er , D r. H . L o u ise  
C a m p b e l l , o n  F e b ru a ry  2 7 , 1 9 6 7 , a n d  fu r th e r  
th a t  s p e c ia l  r e c o g n it io n  b e  g iv e n  to h e r  c o n tr i­
b u t io n s  to  th e  d e v e lo p m e n t  o f  th e  s c ie n c e  o f  
n u tr it io n .

D r. C a m p b e ll w a s  w e ll-k n o w n  fo r  h e r  r e ­
s e a r c h  in  c o n n e c t io n  w ith  th e  lo n g e v ity  s tu d ie s  
c a rr ie d  o u t in  D r. H e n r y  C. S h e r m a n ’s la b o r a ­
tory  c o v e r in g  th e  p r o g e n y  o f  o v er  5 0  g e n e r a ­
t io n s  o f  e x p e r im e n ta l  a n im a ls .  T h e s e  a n im a ls  
w e r e  m a in ta in e d  th r o u g h o u t  l i f e  o n  a s im p lif ie d  
d ie t  c o m p a r in g  th e  e f fe c ts  o f  tw o  le v e ls  o f  m ilk  
o n  th e  le n g th  o f  l i f e ,  f e r t i l i t y ,  v ig o r  a n d  g e n e r a l  
w e ll-b e in g . T h e  im m e n s e  a c c u m u la t io n  o f  d a ta  
o v e r  s u c h  a  lo n g  p er io d  o f  t im e  is  w ith o u t  p a r ­
a lle l .  S h e  w a s  c o a u th o r  o f  m a n y  p a p er s . H er  
h ig h  s ta n d a r d s  o f  w o r k  a n d  h e r  p a in s t a k in g  
a t te n t io n  to  d e ta ils  s e t  a n  e x a m p le  fo r  th e  m a n y  
s tu d e n ts  a n d  r e s e a r c h  a s s o c ia te s  w h o  h a d  th e  
p r iv ile g e  o f  w o r k in g  w ith  h er .

R E SO L V E D : T h e  A m e r ic a n  I n s t itu t e  o f  N u tr i­
t io n  a s s e m b le d  a t C h ic a g o  a t i t s  a n n u a l  m e e t ­
in g  A p r il 18 , 1 9 6 7 , w is h in g  to  e x p r e s s  i t s  d eep  
s e n s e  o f  lo s s  a n d  so rro w  a t th e  p a s s in g  o f  o n e  
o f  i t s  m o s t  d is t in g u is h e d  fo u n d in g  m e m b e r s ,  
W il l ia m  H a r o ld  C h a m b e r s ,  p la c e s  th is  s ta te ­
m e n t  in  i t s  P r o c e e d in g s  fo r  p e r m a n e n t  reco rd .

D r. C h a m b er s  ser v e d  a s  S e c re ta r y  o f  th e  
F e d e r a t io n  o f  A m e r ic a n  S o c ie t ie s  fo r  E x p e r i­
m e n t a l  R io lo g y , a n d  M a n a g in g  E d ito r  o f  F e d e r a ­
t io n  P r o c e e d in g s  in  1 9 4 7  a n d  1 9 4 8 . H e  serv ed  
as A s s is ta n t  E d ito r  to  th e  J o u r n a l o f  N u tr i t io n  
a n d  o n  th e  e d ito r ia l  b o a rd s  o f  P h y s io lo g ic a l  
R e v ie w s  a n d  th e  J o u r n a l o f  A p p l ie d  P h y s io lo g y .

H is  g r e a te s t  p e r io d s  o f  s c ie n t if ic  p r o d u c t iv ity  
w e re  a t C o rn e ll U n iv e r s ity  M ed ic a l C o lleg e  
( 1 9 2 8 - 1 9 4 7 )  a n d  la te r  a t  th e  A rm y  C h e m ic a l  
C orps M e d ic a l L a b o ra to r ie s  ( 1 9 4 7 - 1 9 6 0 ) .  H is  
c o n tr ib u t io n s  to  th e  u n d e r s ta n d in g  o f  th e  m e t ­
a b o lic  c h a n g e s  d u r in g  f a s t in g  w e r e  c la s s ic a l  
s tu d ie s .

D r. C h a m b er s ’ c o n tr ib u t io n s  to th is  w o r ld  
c a n n o t  b e  m e a s u r e d  o n ly  b y  h is  s c ie n t if ic  
a c h ie v e m e n ts .  H e  w a s  a p a tr io t  in  th e  tru e  
s e n s e  o f  th e  w o rd  a n d  ser v e d  h is  c o u n tr y  w ith  
a c k n o w le d g e d  c o m m e n d a t io n s  in  W o r ld  W a rs  
I a n d  II.

H is  w a r m th  a n d  u n d e r s ta n d in g  m a d e  i t  a  
p r iv ile g e  to h a v e  w o rk ed  w ith  h im . H is  e x a m p le  
w il l  r e m a in  w ith  u s  fo r  th e  fu tu r e .

R E SO L V E D : T h a t  th e  A m e r ic a n  I n s t itu t e  o f
N u tr it io n , a s s e m b le d  a t  C h ic a g o , I l l in o is ,  a t i t s  
a n n u a l  m e e t in g ,  A p r il 1 8 , 1 9 6 7 , p la c e  th e  f o l ­
lo w in g  s ta te m e n t  in  i t s  P r o c e e d in g s  fo r  p e r m a ­
n e n t  reco rd  to  e x p r e s s  i t s  a p p r e c ia t io n  fo r  th e  
c o n tr ib u t io n s  o f  o n e  o f  i t s  d is t in g u is h e d  C h a r ter  
M em b e rs , E r n e s t  B r o w n in g  F o rb e s ,  P r o fe s so r  
E m e r itu s  o f  A n im a l N u tr it io n , P e n n s y lv a n ia  
S ta te  U n iv e r s ity ,  w h o  p a s s e d  a w a y  a t h is  h o m e  
o n  S e p tem b e r  8 , 1 9 6 6 .

P r o fe s so r  F o rb es  r e c e iv e d  b a c h e lo r ’s d e g r ee s  
in  Z o o lo g y  a n d  in  A g r ic u ltu r e  fr o m  th e  U n iv e r ­
s ity  o f  I l l in o is  in  1 8 9 7  a n d  1 9 0 2  a n d  h is  d o c ­
to r a te  fr o m  th e  U n iv e r s ity  o f  M iss o u r i in  1 9 0 8 .  
W h ile  o n  th e  s ta ff  o f  th e  U n iv e r s ity  o f  M iss o u r i  
a s  a s s is ta n t  p r o fe s so r  1 9 0 3 - 1 9 0 7 ,  h e  ta u g h t  
a n im a l h u sb a n d r y  a n d  in i t ia te d  a  s e r ie s  o f  
s tu d ie s  in  m in e r a l  m e ta b o lis m  w h ic h  w a s  to  
c o n t in u e  a s  h is  m a jo r  r e s e a r c h  in t e r e s t  as  
C h ie f ,  D e p a r tm e n t  o f  N u tr it io n  a t th e  O h io  
A g r ic u ltu r a l E x p e r im e n t  S ta t io n  d u r in g  th e  
y e a r s  1 9 0 7 -1 9 2 0 .  H e  ser v e d  w it h  th e  r a n k  o f  
M a jo r  a s  a N u tr it io n  O fficer in  th e  A E F  in  
F r a n c e  d u r in g  W o rld  W a r  I. I n  1 9 2 1  h e  w a s  
a p p o in te d  D ir ec to r  o f  th e  I n s t itu te  o f  A n im a l  
N u tr it io n , P e n n s y lv a n ia  S ta te  C o lle g e  a n d  r e ­
m a in e d  in  th is  p o s it io n  u n t i l  r e t ir e m e n t  a s  P r o ­
fe s s o r  E m e r itu s  in  1 9 4 6 .

A m o n g  th e  h o n o r s  w h ic h  h e  r e c e iv e d  w e re  
s e le c t io n  as H o n o r e d  G u e s t o f  th e  A m e r ic a n  
S o c ie ty  o f  A n im a l P r o d u c t io n  in  1 9 3 4  a n d  e le c ­
t io n  to  fo r e ig n  m e m b e r s h ip  in  th e  R o y a l S w e d ­
is h  A c a d e m y  o f  A g r ic u ltu r e  in  1 9 4 0 . H e  w a s  a  
C h a rter  M em b er  o f  th e  A m e r ic a n  S o c ie ty  o f  
A n im a l P r o d u c t io n  a n d  a m e m b e r  a n d  C h a ir ­
m a n  o f  th e  C o m m itte e  o n  A n im a l N u tr it io n  o f  
th e  N a t io n a l  R e se a r c h  C o u n c il.

P r o fe s so r  F o r b e s ’ e a r ly  in v e s t ig a t io n s  o n  th e  
m in e r a l  m e ta b o lis m  o f  s w in e  a n d  o f  d a ir y  c a t t le  
w e re  c h a r a c te r iz e d  b y  m e t ic u lo u s  e x p e r im e n ta l  
p r o c ed u r es  a n d  th e  d e m o n str a t io n  o f  th e  u n ­
a v o id a b le  m in e r a l  b a la n c e s  o f  e a r ly  la c ta t io n .  
T h e  s a m e  c o n c e r n  fo r  c a r e fu l  a n d  im p r o v e d  
r e s e a r c h  p r o c ed u r es  c h a r a c te r iz e d  th e  s u b s e ­
q u e n t  in v e s t ig a t io n s  th a t  h e  a n d  h is  a s s o c ia te s  
at th e  P e n n s y lv a n ia  S ta te  C o lle g e  c a rr ie d  o u t  
o n  e n e r g y  m e ta b o lis m , th e  fa c to r s  w h ic h  in ­
f lu e n c e  e n e r g y  u t i l iz a t io n ,  a n d  m e th o d s  o f  e v a l­
u a t in g  th e  e n e r g y  c o n tr ib u t io n  o f  fe e d s .

P r o fe s so r  F o rb es  h a s  l e f t  w ith  u s  a le g a c y  o f  
th o u g h t f u ln e s s  a n d  c o n s id e r a t io n  in  h is  d e a l­
in g s  w ith  h is  f e l lo w  m e n  a n d  w ith  a  c o n c e p t  
o f  th e  im p o r ta n c e  o f  p e r s is te n c e  a n d  c a r e fu l  
e x p e r im e n ta t io n  in  r e se a rc h .

R E SO L V E D : T h a t  th e  A m e r ic a n  I n s t itu te  o f
N u tr it io n , a s s e m b le d  in  C h ic a g o , I l l in o is ,  a t its  
a n n u a l  m e e t in g  A p r il 1 8 , 1 9 6 7 , r e c o g n iz e  th e  
lo s s  b y  d e a th  o f  o n e  o f  i t s  d is t in g u is h e d  C h a rter  
M em b e rs , I s r a e l  S im o n  K le in e r ,  o n  J u n e  1 0 , 
1 9 6 6  a n d  p la c e  th is  s ta te m e n t  in  i t s  P r o c e e d ­
in g s  fo r  p e r m a n e n t  reco rd .

D r. K le in er  w a s  tr a in e d  a t Y a le  U n iv e r s ity ,  
r e c e iv in g  th e  P h .B . d e g r ee  in  1 9 0 6  a n d  P h .D .  
d e g r ee , u n d e r  P r o fe s so r s  L a fa y e t te  B . M en d e l  
a n d  F . P . U n d e r h ill ,  in  1 9 0 9 . A fte r  s tu d y  in  
E n g la n d , S w e d e n , a n d  G e r m a n y , h e  w a s  a p ­
p o in te d  In s tr u c to r  in  B io c h e m is tr y  a t T u la n e  
U n iv e r s ity  S c h o o l o f  M e d ic in e  a n d  th e n  an
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A s s is ta n t  a n d  a n  A s s o c ia te  P r o fe s so r  in  B io ­
c h e m is tr y  a t  th e  R o c k e fe lle r  I n s t itu te  fr o m  
1 9 1 0  to  1 9 1 9 . H e  w a s  a p p o in te d  P r o fe s so r  a n d  
C h a ir m a n  o f  th e  D e p a r tm e n t  o f  B io c h e m is tr y  
a t N e w  Y ork  M ed ic a l C o lle g e  in  1 9 2 0 , a p o s i­
t io n  h e  h e ld  u n t i l  h e  re t ir ed  in  1 9 5 9 . H e  a lso  
ser v e d  as D e a n  o f  th e  N e w  Y ork  M e d ic a l C ol­
le g e  fr o m  1 9 2 1  to  1 9 2 5  a n d  a s  a C o u n s u lt in g  
C h e m is t  a t F lo w e r  —  F i f th  A v e n u e  H o s p ita l .  
H e  w a s  a p p o in te d  E m e r itu s  P r o fe s so r  o f  B io ­
c h e m is tr y  in  1 9 6 3  a n d  c o n t in u e d  a c t iv e  w o rk  
at th e  M e d ic a l C o lle g e  a lm o s t  to  th e  t im e  o f  
h is  d e a th .

T h e  a r ea s  o f  c a rb o h y d r a te  m e ta b o lis m  a n d  
i t s  r e g u la to r y  h o r m o n e s , th e  v i ta m in s  ( e s p e ­
c ia l ly ,  a sco r b ic  a c id )  a n d  th e  e n z y m e s  o f  th e  
g a s tr o in te s t in a l  tr a c t  (p a r t ic u la r ly  r e n n in  a n d  
p e p s in ) ,  w e r e  D r. K le in e r ’s p r im a r y  r e s e a r c h  
in te r e s t s .  In  1 9 1 5 , h e ,  w ith  S. J. M eltz er , w a s  
a m o n g  th e  f ir s t to  d e m o n str a te  th a t  s o m e  s u b ­
s ta n c e  e la b o r a te d  b y  th e  p a n c r e a s  lo w e r e d  th e  
b lo o d  s u g a r  w h e n  a d m in is te r e d  in t r a v e n o u s ly  
to  d ia b e t ic  d o g s . T h is  s u b s ta n c e ,  p r e s e n t  in  
s im p le  a q u e o u s  e m u ls io n s  o f  p a n c r e a t ic  t is s u e ,  
w a s  la te r  s h o w n  to  b e  in s u l in  b y  th e  c la s s ic  
e x p e r im e n ts  o f  B a n t in g  a n d  B e s t  in  1 9 2 2 .

D r. K le in e r  w a s  p e r h a p s  b e s t  k n o w n , h o w ­
ev er , a s  th e  a u th o r , a n d  la te r  c o a u th o r  w ith
J. M . O rten , o f  th e  w id e ly  u s e d  te x tb o o k , H u ­
m a n  B io c h e m is tr y .  H e  h a d  ju s t  c o m p le te d  h is  
p o r tio n  o f  th e  n e w  s e v e n th  e d it io n  o f  th is  b o o k  
a t th e  t im e  o f  h is  d e a th .

R E SO L V E D : T h a t  th e  A m e r ic a n  I n s t itu t e  o f
N u tr it io n  p la c e  in  i t s  P r o c e e d in g s  fo r  p e r m a ­
n e n t  reco rd  th e  s ta te m e n t  o f  s in c e r e  r e g r e t  a n d  
so rro w  a t th e  lo s s  b y  d e a th  o f  c n e  o f  i t s  d is ­
t in g u is h e d  C h a r ter  M em b e rs , E d u ra rd  J . Q u in n ,  
o n  F e b r u a r y  1 2 , 1 9 6 7 .

D r. Q u in n  w a s  a w a r d e d  a  P h .D . d e g r ee  in  
c h e m is tr y  fr o m  C o lu m b ia  U n iv e r s ity  w h e r e  h e  
a ls o  ser v e d  a s  a  m e m b e r  o f  th e  f a c u lt y  fo r  
s e v e r a l y e a rs . H e  w a s  a s s o c ia te d  w ith  P r o fe s so r  
H . C. S h e r m a n  d u r in g  th e  e a r ly  d a y s  o f  v ita m in  
r e s e a r c h . M a n y  o f  h is  im p o r ta n t  c o n tr ib u t io n s  
w e r e  c o n c e r n e d  w it h  th e  n u tr it io n a l  p r o p e r tie s  
a n d  s ta b il i ty  o f  v i ta m in s  A  a n d  D  a n d  o f  th e  
v ita m in  B c o m p le x . H e  a ls o  c o n tr ib u te d  to  o u r  
k n o w le d g e  o f  c a lc iu m  a n d  p h o sp h o r u s  m e ta b ­
o lism .

D r. Q u in n  ser v e d  a s  D ir e c to r  c f  R e se a r c h  o f  
th e  M a lt in e  C o m p a n y  fr o m  1 9 3 0 - 1 9 3 7  a n d  as  
a  v i ta m in  s p e c ia l is t  to  M erck  a n d  C o m p a n y , 
I n c .,  f r o m  1 9 3 7 —1 9 5 1 . I t  w a s  d u r in g  th is  p e r io d  
th a t  v ita m in s  w e r e  m a d e  a v a ila b le  o n  a c o m ­
m e r c ia l s c a le  a n d  D r. Q u in n  c o n tr ib u te d  h e a v ily  
to  th is  im p o r ta n t  w o rk . H is  m a n y  s c ie n t if ic  c o n ­
tr ib u t io n s  w e r e  m a d e  a ll  th e  m o r e  im p r e s s iv e  
b y  h is  w a r m  p e r s o n a l fr ie n d l in e s s  a n d  n e v e r -  
f a i l in g  c o u r te sy .

V. New Members *

Committee and the Council were approved 
for membership at the business meeting:
A ltschul, A aron 
Asfour, R a ja  Y. (C ) 
Bailey, Jo h n  M. 
Beaton, John  R. 
Beghin, Iv an  D. (C ) 
B ennett, M ildred S. J. 
Brown, H arold  (C ) 
B uskirk, E lsw orth 
C ha lva rd jian , A ra M. 
C ordano, Angel (C ) 
Cowan, Jam es W. (C ) 
Creger, C larence R. 
C sallany, Agnes S. 
D anhof, Iv an  E. 
D iGirolamo, M ario (C ) 
D onaldson, W. E. 
D onovan, G erald A. 
D uPont, Jacqueline 
F eatherston , W. R. 
F ernandez, N elson (C ) 
F leischm an, A lan I. 
F rench , Sam uel W. 
Eades, C harles H. 
G oldblith, Sam uel 
H alsted , Jam es A. (C ) 
H em ken, Roger W. 
Holloszy, Jo h n  O. (C ) 
H uber, Agnes M.
Jones, John  E. (C ) 
K uksis, A rnis 
LaC hance, P au l A.

Lease, Jan e  G. 
Leatherw ood, Jam es M. 
L indenbaum , Jo h n  (C ) 
Lopez, Alfredo (C ) 
Magee, Aden C.
M ueller, W erner J. 
M cConnell, K enneth 
M orrison, George R. (C ) 
N eal, R obert A.
Olson, Oscar E.
Orto, Louise A.
Oski, F ra n k  A. (C ) 
P urser, D ouglas B.
Rao, K. K. P. N.
R itchey, Sanford  J. 
Robinow, M einhard  
Scheig, R obert (C ) 
Schneider, D onald 
Schw artz, R uth  
Shefer, S arah  
S innhuber, R ussell 
Speckm ann, Elwood W. 
S tanbury , Jo h n  B. (C ) 
Stoew sand, G ilbert 
T ann en b au m , Steven 
V ivian, V irg in ia  M. 
W ebb, R yland E. 
W hitaker, JoA nne (C ) 
Young, F ra n k lin  
Young, V ernon R.

* For in s titu tio n a l affiliations and  addresses of new  
m em bers, see th e  1967 Federation  D ir e c to r y  o f  M e m ­
b ers .

(C ) Also elected to m em bership  in  th e  C lin ical D i­
vision a t its A nnual M eeting, A pril 29, 1967.

Drs. George H. Beaton, Barbara E. Gun­
ning, Laurence M. Hursh, and Eduardo 
A. Porta, already members of the American 
Institute of Nutrition, were elected to mem­
bership in the American Society for Clini­
cal Nutrition at its 1967 Annual Meeting.

H O N O R A R Y  M E M B E R S

The following scientists were elected to 
Honorary Membership in the AIN :

Dr. Joseph Masek, Director, Institute of 
Human Nutrition, Prague, Czechoslovakia. 
Dr. Masek has been a leader in Czechoslo­
vakia in organizing multi-disciplinary ap­
plied nutrition programs and was a key 
figure in establishing the Society of Ra­
tional Nutrition.

Sir Rudolph A. Peters, Professor Emeri­
tus, Cambridge University, Cambridge, 
England. His contributions on the struc­
ture of thiamine and its physiological func­
tion as cocarboxylase, his broadening con­
cept of “biochemical lesion” as guiding 
principle in understanding metabolic func­
tion of important substances, warrant the 
high regard in which he is held.

The Membership Committee considered 
the qualifications of 70 nominees. The fol­
lowing 61 nominees recommended by the

VI. President’s Report
Sustaining Associate Program. Doctor 

Schaefer reported on the 1967 Sustaining
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Associates which now total 27. (The list of 
Sustaining Associates is published monthly 
in the Journal of Nutrition.)

Contributions for 1967 ranged from 
$100 to $1000 for a total of $9,350. In­
come from this program is used to support 
in part some of the Institute’s activities: 
expansion of the nutrition career brochure; 
AIN participation in the development of a 
dictionary of nutrition terms in collabora­
tion with the NIH; initial support of the 
establishment of our Office of Nutrition 
Science Services (see report by O. L. Kline 
below); travel expenses for foreign par­
ticipants in AIN symposia; and some as­
sistance in supporting our secretariat.

Career Brochure. Dr. Schaefer advised 
that the Council had authorized the ad hoc 
Committee on Career Brochures to (a) 
improve and expand our present career 
leaflet, and (b) continue to explore the de­
velopment of a second, more sophisticated 
and informative, brochure.

Federation Affairs. The Federation’s 
Life Sciences Research Office has been ex­
panded and renamed the Office of Biomed­
ical Studies. This new Office, supported by 
government grants, will be headed by Col.
T. E. Huber beginning this fall.

The new wing which will complete the 
Milton O. Lee Building at Beaumont House 
will be ready for occupancy by mid-year.

The FASEB closed-circuit TV, scheduled 
for the 1967 meeting, had to be postponed 
until the 1968 meeting due to programing 
difficulties. The Federation has received an 
offer from Telstar to put on a half-hour 
session on the 1968 meeting. Each society 
will have equal time to emphasize research 
aspects of its discipline.

The Federation is establishing a Public 
Affairs Office to keep in touch with all de­
velopments, especially legislative, which 
might affect the biomedical research com­
munity. Each society has been asked to 
appoint a member for this Committee. The 
AIN has appointed the Chairman of the 
new AIN Public Affairs Committee to rep­
resent AIN with the Federation Public 
Affairs Office.

AIN Nutrition Notes. The membership 
was encouraged to send items of interest 
to Dr. O. C. Johnson, Editor, AIN Nutrition 
Notes. Dr. Schaefer stated that it is hoped

another issue would be published this year 
(July).

Council Actions. The Council has estab­
lished an AIN Public Affairs Committee, 
and an ad hoc Committee on Biochemical 
Nutrition to explore how best AIN could 
recognize and develop the special interests 
of its “biochemical” members.

The outgoing committee members and 
representatives were thanked for their 
efforts on behalf of the AIN, and special 
thanks were given to Drs. O. L. Kline (out­
going Past President), and N. S. Scrim­
shaw (outgoing Councilor).

VII. Secretary’s Report
Dr. W. N. Pearson informed the mem­

bership of the following actions taken by 
the Council in connection with annual 
meetings.

1. Establishment of an AIN committee 
to (a) continue evaluation of annual meet­
ings and make recommendations to Coun­
cil for implementing improvements and 
(b) to work with the Executive Secretary 
in programing abstracts for the annual 
meeting in accordance with the new rules 
outlined below. Dr. Pearson will be Chair­
man of this committee.

2. Changes in AIN rules for submission 
of abstracts.

(a) An AIN member may sponsor (sign) 
no more than two abstracts and, in com­
pliance with Federation rules, may present 
orally (as first author) only one of these.

(b) Any sponsored paper not falling 
within the broad area of nutrition and not 
accepted as a transfer by an appropriate 
society shall be returned to the sponsor 
without being programed or published in 
the abstracts volume of Federation Pro­
ceedings.

(c) At the discretion of the Program 
Committee, any paper that does not lend 
itself to coherent programing by broad 
topic may be published but not programed.

(d) Submission of papers dealing pri­
marily with a modification of existing 
methodology should be discouraged. If sub­
mitted, such papers shall be published but 
not programed. This does not deny pre­
sentation of a new exciting advance in 
methodology.
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VIII. Treasurer’s Report 
Dr. W. A. Krehl, Treasurer, discussed 

briefly the AIN dues breakdown. He 
pointed out that only $7.00 is received into 
AIN funds (Clinical Division members pay 
an additional $2.00 into ASCN funds). The

remaining charges cover the cost of sub­
scriptions to one or both of our journals 
and to Federation Proceedings. Although it 
was the recommendation of the Council 
that dues not be raised for the 1967-1968 
year, the Treasurer advised that the mem-

Balance Sheet, December 31, 1966
A sse t s: e x h i b i t  a

C a sh  ..........................................................................................................................................................................  $  3 ,5 4 5
A c c o u n ts  R e c e iv a b le  ......................................................................................................................................  1 6 ,9 2 6
I n v e s tm e n ts  .......................................................................................................................................................... 6 0 ,9 5 2
F u r n itu r e  a n d  E q u ip m e n t  ....................................................................................................  $ 2 ,5 4 8

L es s  a c c u m u la t e d  d e p r e c ia t io n  .................................................................................  ( 2 9 1 )  2 ,2 5 7
P r e p a id  E x p e n s e s  ............................................................................................................................................ 13 2

T o ta l A ss e ts  ......................................................................................................................................... $ 8 3 ,8 1 2

Liabilities and  Fund  Capital :
D e fe r r e d  I n c o m e  ..............................................................................................................................................  $  2 3
A c c o u n ts  P a y a b le  ............................................................................................................................................ 7 ,7 6 1
F u n d  C a p ita l ....................................................................................................................................................... 7 6 ,0 2 8

T o ta l L ia b ilit ie s  a n d  F u n d  C a p ita l .................................................................................... $ 8 3 ,8 1 2

Statement of Income and Expenditures and Fund Capital 
For the Year Ended December 31, 1966

I n c o m e : e x h i b i t  b

M e m b e rsh ip  D u e s  .................................
S u s ta in in g  A sso c ia te  M e m b e rsh ip s  
A n n u a l  M e e tin g  R e g is tra t io n  . 
lo u r n a l  o f  N u tr i t io n

S u b s c r ip tio n s  ......................................
E d ito r ia l  A llo w a n ce  .......................
P a g e  C h a rg e s  ......................................

I n te r e s t  In c o m e  ......................................
G ra n ts  ...........................................................
O v e rh e a d  In c o m e  ....................................
M isc e lla n e o u s  In c o m e  ..........................

T o ta l  In c o m e  ............................

E x p e n s e s :
S a la r ie s ,  P a y ro ll  T a x e s , a n d

F r in g e  B e n e f i t s ...................................
C o m m u n ic a tio n s  a n d  T ra v e l ..........
S u p p lie s  a n d  D u p l ic a t in g  ..................
T ra v e l  A w ard s  .........................................
lo u r n a l  o f  N u tr i t io n  E d ito r ’s Office
R e n t E x p e n se  ...........................................
D e p re c ia t io n  ..............................................
P r in t in g  a n d  E n g ra v in g  ....................
I n s u ra n c e  ...................................................
M isc e lla n e o u s  E x p e n s e s  ..................

T o ta l D ire c t  E x p e n s e s  ..........

FA SEB  B u s in e ss  S e rv ice  C h a rg e  .

T o ta l  E x p e n s e s .........................

E x c e ss  o f  In c o m e  o v e r E x p e n s e s  ..........

F u n d  C a p ita l:
B a la n c e , D e c e m b e r  3 1 , 1965 ..........

TOTAL GENERAL FUNDS SPECIAL FUNDS
$ 6 ,914 $ 6 ,914 $ —

6 ,000 6 ,000 —

5,291 5 ,291 —

$ 6,221 $ 6 ,221 $ —
14,550 14,550 —
22,540 — 2 2 ,5 4 0

2 ,319 1 ,607 712
2 8 ,6 6 6 — 2 8 ,666

663 663 —

327 327 —

$93,491 $41 ,573 $51 ,918

$ 11 ,483 $ 8 ,635 $ 2 ,8 4 8
6 ,733 5,491 1 ,242
1,494 1,290 204

4 3 ,3 6 6 — 4 3 ,3 6 6
10,390 10,390 —

1,168 1,013 155
209 206 3
724 724 •--

88 88 —

556 537 19

$76 ,211 $ 28 ,374 $ 4 7 ,8 3 7

1 ,072 970 102

$77 ,283 $ 29 ,344 $ 47 ,939

$ 16 ,208 $ 1 2 ,2 2 9 $ 3 ,979

$5 9 ,8 2 0 $ 4 1 ,2 9 6 $ 1 8 ,5 2 4

$ 76 ,028 $ 53 ,525 $ 22 ,503B a la n c e ,  D e c e m b e r  3 1 , 1 9 6 6
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bership should expect and plan for increas­
ing expenditures in the near future, e.g., 
to support a full-time Executive Secretary, 
for expansion of our publication activities, 
and for development of a more sophisti­
cated and informative career brochure.

The Financial Statement as of December 
31, 1966, reproduced here, was presented 
by Mr. John R. Rice, AIN Business Man­
ager. The AIN Auditing Committee, Drs.
W. Gortner and G. V. Vahouny, reported 
that they had examined the financial re­
port and the records in the AIN business 
office and found them to be in order.

The recommendation of the Council that 
the dues remain the same for the 1967- 
1968 year was approved by the member­
ship.

The Financial Statement was accepted 
and approved.

IX. Executive Secretary’s Report
Dr. Waddell reported on the travel grant 

program in support of nutritionists attend­
ing the International Congress of Nutrition 
(7th), Hamburg, Germany, August 3-10, 
1966. Over 190 applications were received 
and reviewed by the Committee. Funds 
were more limited than anticipated since 
grants received from NIH and NSF were 
less than requested. With the AIN contri­
bution and that of the Nutrition Founda­
tion, Inc., the four sources yielded a total 
of $44,700. The Committee was able to 
award 121 travel grants (ranging from 
$360 to $525, determined by location of 
traveler). Five of these grants were turned 
back too late for reassignment. A total of 
116 grants was awarded totalling $43,366.

The Office of the Secretariat is now in 
its third year and, in accordance with part 
of its purpose, has been taking on an in­
creasing number of functions. As these 
duties are increased, the position of Exec­
utive Secretary more rapidly approaches 
that of a full-time job. The Council and 
the Finance Committee are aware of this 
situation and are studying the monetary 
income needed to support the acitvities of 
a full-time Executive Secretary. Dr. Wad­
dell added that the AIN office keeps in 
close contact with the committees and rep­
resentatives and will welcome any inquiries 
from the membership.

X. Editor’s Report —
Journal of Nutrition

Dr. Richard H. Barnes, Editor, Journal 
of Nutrition, submitted his report for the 
calendar year 1966. He noted that the time 
lapse from receipt of manuscripts to publi­
cation has increased by one month from 
1965 to 1966 (from 5.5 to 6.5), due to 
publisher’s difficulties. The problem should 
be overcome, however, by the August issue.

The Council has approved an increase 
in the number of members on the editorial 
board from 16 to 20. (See end of Proceed­
ings for current board appointments.)

The report and proposed budget pre­
sented by the Editor were approved and the 
report is summarized on page 513.

XI. Report of the Clinical Division
Dr. A. B. Eisenstein, Secretary-Treasurer 

of the ASCN, extended an invitation to 
AIN members to attend the ASCN Annual 
Meeting in Atlantic City on April 29. This 
year the program has been expanded to a 
full day, with a symposium in the morning 
and short papers in the afternoon. Dr. 
Eisenstein announced that the 1967 recip­
ient of the McCollum Award is Dr. Ancel 
Keys, and stated that all AIN members 
would be welcome at the Third McCollum 
Award Banquet on the evening of April 29.

ASCN membership is growing. There 
was slightly more than a 10% increase in 
membership in 1966, and based on current 
action taken by the ASCN Membership 
Committee, there will be a similar increase 
in 1967.

The transfer of ownership of the Ameri­
can Journal of Clinical Nutrition from the 
Reuben H. Donnelley Corporation to the 
ASCN has been smooth and efficient. The 
Federation is providing business, subscrip­
tion, and redactorial services to the ASCN 
for this Journal. Dr. Eisenstein announced 
that Dr. Milton Rubini (Chief, Metabolic 
Section, VA Center, Los Angeles, Califor­
nia) has been appointed as the new Editor 
of the AJCN, replacing Dr. W. A. Krehl, 
effective July 1, 1967. From now on all 
manuscripts for the AJCN should be sub­
mitted to Dr. Rubini.
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E d itin g  a n d  P u b lic a tio n  O p e ra tio n s  (C a len d a r  yea r)

V o lu m es p u b l is h e d  ................................................
P a g e s  p u b l is h e d  ( in c lu d in g  p a p e rs ,  

b io g ra p h ie s , a n n o u n c e m e n ts
a n d  p ro c e e d in g s )  .........................................
(S c ie n tif ic  p a p e rs  o n ly )  ..........................

P a p e rs  p u b l is h e d  ( in c lu d in g
3 b io g ra p h ie s )  ..............................................

P a p e rs  s u b m itte d  ...................................................
P a p e rs  re je c te d  ( r a t e  b a se d  o n

n o . p a p e rs  s u b m it te d )  ..............................
S u p p le m e n ts  p u b l is h e d  ......................................
L e tte rs  to  th e  E d i t o r ..............................................
O p e ra tin g  sc h e d u le :

A vg n o . d a y s  m a n u s c r ip ts  w ith
re v ie w e rs  ......................................................

A vg n o . d a y s  m a n u s c r ip ts  o u t fo r
re v is io n  ........................................................

A vg n o . d ay s  m a n u s c r ip ts  in  office, in  
m a i l  o r in  u n a v o id a b le  d e la y  ..........

A v g  n o . d a y s  f ro m  d a te  o f  re c e ip t  to
m a i l in g  m a n u s c r ip ts  to  W is ta r  ..........
A vg n o . m o n th s  m a n u s c r ip ts  w ith

E d ito r ia l  Office .........................................
A vg n o . m o n th s  m a n u s c r ip ts  w ith  

W is ta r  P re s s  ..............................................

A vg  n o . m o n th s  f ro m  d a te  o f  r e c e ip t
to  m a i l in g  o f  J o u r n a l  ...............................

S u m m a ry  o f  F in a n c e s  in  th e  O p e ra tio n  o f  th e  
E d ito r ’s O ffice, J o u rn a l o f  N u tr i t io n  

J a n u a ry  1, 1966 —  D e c e m b e r 3 1 , 1966
B a la n c e  b ro u g h t  f o r w a r d .........................  $ 2 ,207 .98
R e ce ip ts , A IN  ................................................  9 ,400 .00

T o ta l re c e ip ts  a n d
b a la n c e  a v a ila b le  ...............  11 ,607 .98

E x p e n d i tu re s  ...................................................  10 ,383.21
B a la n c e  .........................................  $ 1 ,224 .77

T h e  C o u n c il a p p ro v e d  th e  b u d g e t p ro p o se d  by 
D r. B a rn e s  fo r  th e  E d ito r ’s Office fo r  th e  y e a r  
s ta r t in g  J a n u a ry  1, 1967.

XII. Reports — Committees and 
Representatives

A. Ad hoc Committee on Evaluation of 
Annual Meetings: Carl Douglass, Chair­
man.

O f th e  550  m e m b e rs  w h o  r e tu rn e d  q u e s tio n ­
n a ire s ,  3 3 4  in d ic a te d  th e y  h a d  a t te n d e d  th e  1966 
m e e tin g . O f th e s e , 306  r a te d  th e  sh o r t  p a p e rs  as 
“ good” o r  “ a v e ra g e .” D e sp ite  th is ,  2 1 4  in d ic a te d  
th a t  th e y  w o u ld  fa v o r  so m e re s t r ic t io n  o n  th e  
n u m b e r  o f  s h o r t  p a p e rs  o n  th e  b a s is  o f  sc ien tif ic  
m e r it .  T h e re  w a s  s tro n g  s e n t im e n t  on  s c h e d u lin g  
sy m p o s ia  a t  t im e s  to  av o id  c o n flic t w i th  sh o r t  
p a p e r  se ss io n s . T h e  1967 p ro g ra m  re fle c te d  th e  
s e n t im e n t  o f  th e  m e m b e rs .

T h e  re c o m m e n d a tio n s  o f  th e  C o m m itte e  i n ­
c lu d e d  th e  fo llo w in g : ( 1 ) t h a t  th e  n u m b e r  o f
p a p e rs  p re s e n te d  a t  a n n u a l  m e e tin g s  be  l im ite d  
to  th o se  o f  g e n u in e  sc ien tif ic  m e r i t ;  ( 2 )  t h a t  th e  
sc ien tif ic  se ss io n s  o f  th e  A IN  b e  sc h e d u le d  so  as

1964 1965 1966

8 2 , 83 , 84 8 5 ,8 6 ,8 7 8 8 , 89 , 90

1339 1384 1447
1267 1313 1350

191 189 194
293 303 316

38% 33% 28%

1 2 —

20 .7 21.5 22 .9

22 .6 22 .2 24 .5

29 .2 30.6 30.9

72.5 74.3 78.3

2 .4 2.5 2.6

3 .2 3.0 3.9

5.6 5.5 6.5

to  re d u c e  th e  c o n flic ts  b e tw e e n  sh o r t-p a p e r  se s­
sio n s  a n d  sy m p o s ia ; ( 3 )  t h a t  in  a r ra n g in g  sc h e d ­
u le s  fo r  m e e tin g s , c a re  be  e x e rc is e d  n o t  to 
d e c re a se  th e  t im e  a v a ila b le  fo r  in fo rm a l  sc ie n tis t-  
to -sc ie n tis t  c o n ta c ts ,  a n d  a n y  o p p o r tu n ity  to  in ­
c re a se  t im e  a v a ila b le  fo r  th is  a c tiv ity  sh o u ld  be 
ta k e n  a d v a n ta g e  o f; ( 4 )  t h a t  th e  b u s in e s s  m e e t­
in g  sh o u ld  b e  s tr e a m lin e d  by  s h o r te n in g  th e  d is ­
c u ss io n  o f  ro u t in e  f in a n c ia l  a n d  b u s in e s s  m a t te r s ,  
a n d  c o n s id e ra tio n  sh o u ld  be  g iv en  to  th e  p o ss i­
b ili ty  o f d is t r ib u t in g  a g e n d a , r e p o r ts ,  a n d  p ro ­
p o se d  re so lu tio n s  in  p r in te d  fo rm  p r io r  to  th e  
m e e tin g , a n d  s h o r te n in g  th e  t im e  s p e n t  o n  n e c ro l­
o g ies ; a n d  ( 5 )  t h a t  th e  b a n q u e t  sh o u ld  b e  a l­
te re d  in  fo rm a t  so t h a t  th e  in tro d u c t io n s  a n d  
a d d re sse s  a re  s ig n if ic a n tly  s h o r te n e d  a n d  th e i r  
n u m b e r  re d u c e d .

T h e  fo rm a t  fo r  th e  b a n q u e t  w a s  a lte re d  fo r  
1967  b y  re d u c in g  th e  n u m b e r  o f  in d iv id u a ls  to 
be  in tro d u c e d  a n d  in te g ra t in g  in tro d u c t io n s  in to  
th e  a w a rd s  c e re m o n y .

T h e  ad  h o c  C o m m itte e  o n  E v a lu a t io n  o f  A n ­
n u a l  M e e tin g s , h a v in g  c o n c lu d e d  i ts  c h a rg e  w ith  
e x c e lle n c e , w a s  d is c h a rg e d  w ith  th a n k s .

B. Second Western Hemisphere Nutri­
tion Congress Planning Committee: W. N. 
Pearson, Chairman.

A se c o n d  co n g ress  is  p la n n e d  fo r  th e  w eek  of 
A u g u s t  2 6 , 1968 in  S a n  J u a n ,  P u e r to  R ico . P a r ­
t ic ip a t in g  o rg a n iz a tio n s  a re  th e  A IN , th e  N u tr i t io n  
S oc ie ty  o f  C a n a d a ,  th e  L a t in  A m e r ic a n  N u tr i t io n  
Soc ie ty , a n d  th e  A m e r ic a n  M e d ica l A sso c ia tio n . 
A ll p a r t ic ip a tin g  o rg a n iz a tio n s  h a v e  r e p re s e n ta ­
tio n  o n  th e  p la n n in g  c o m m itte e .
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T h e  m e e t in g  w i l l  la s t  fo u r  d a y s  a n d  th e  fo r m a t  
w il l  b e  m o s t ly  s y m p o s ia  w ith  s o m e  p r o v is io n  fo r  
p r e s e n t a t io n  o f  o r ig in a l  c o m m u n ic a t io n s .  A  te n t a ­
t iv e  p r o g r a m , w ith  a  b a la n c e  b e tw e e n  b a s ic  a n d  
a p p lie d  r e s e a r c h , h a s  b e e n  d r a w n  u p .

C. Publications Management Commit­
tee: W. J. Darby, Chairman.

D r. D a r b y  a d v is e d  th a t  th e  a c q u is it io n  la s t  s u m ­
m e r  o f  th e  A JC N  w a s  th e  fir s t s te p  i n  a lo n g -  
c o n t in u e d  e ffo r t o n  th e  p a r t  o f  A IN  to  o b ta in  
o w n e r sh ip  o f  b o th  o ff ic ia l jo u r n a ls .  T h e  P u b lic a ­
t io n s  M a n a g e m e n t  C o m m itte e  h a s  in i t ia te d  n e g o ­
t ia t io n s  w it h  T h e  W is ta r  I n s t itu t e  to  a c q u ir e  
o w n e r s h ip  o f  T h e  J o u r n a l o f  N u tr i t io n .  T h e  A IN  
C o u n c il  h a s  in s tr u c te d  th is  C o m m itte e  to  c o n t in u e  
n e g o t ia t io n s  w ith  th e  h o p e  o f  c la r if ic a t io n  o f  
t r a n s fe r  b y  J u n e  3 0 , 1 9 6 7 . O ur r e q u e s t  to  W is ta r  
h a s  b e e n  re fer r ed  to i t s  g o v e r n in g  b o a rd  w h ic h  
w il l  r ep o rt b a c k  to  A IN  a fte r  th e ir  M a y  m e e t in g .

D. Nutrition Science Services: O. L.
Kline, Director.

T h e  p r o p o se d  p r o je c t ,  “ S c ie n t if ic  R o ster  a n d  
R e la te d  I n fo r m a t io n a l  S e r v ic e s  in  N u tr it io n  fo r  
th e  A g e n c y  fo r  I n te r n a t io n a l  D e v e lo p m e n t , D e ­
p a r tm e n t  o f  S ta te ,” fo r  th e  e s t a b lis h m e n t  o f  ser v ­
ic e s  to  m a k e  a v a ila b le  to  A ID  th e  e x p e r t ise  o f  th e  
A IN , w a s  s u b m itte d  to  A ID  b y  th e  A IN  C o m m itte e  
o n  I n te r n a t io n a l  N u tr it io n  i n  J u ly , 1 9 6 6 . E a r ly  in  
O cto b er , th e  A ID  a g r ee d  in  p r in c ip le  to  s u p p o r t it .  
T h e  A IN  C o u n c il to o k  a c t io n  a t i t s  f a l l  m e e t in g  
to  a u th o r iz e  f u n d s  to  e s ta b lis h  th e  o ffice  o n  N o ­
v e m b e r  1 a n d  th e  f in a l  c o n tr a c t  w a s  s ig n e d  e f fe c ­
t iv e  D e c e m b e r  1 b e tw e e n  A ID  ( th r o u g h  th e  O ffice  
o f  I n te r n a t io n a l  R e s e a r c h  - N I H )  a n d  th e  F A S E B . 
T h e  p r o je c t  r e s id e s  i n  th e  O ffice o f  th e  A IN  S e c re ­
ta r ia t  in  B e a u m o n t  H o u s e , B e th e s d a , M a ry la n d .

D r. K lin e  o u t lin e d  th e  o b je c t iv e s  a s fo llo w s :  
( 1 )  T h e  N u tr it io n  S c ie n c e  S e r v ic e s  O ffice a c ­
q u ire d  th e  1 9 6 6  r e tu r n s  fr o m  th e  N a t io n a l  S c ie n c e  
F o u n d a t io n  ( n a t io n a l  r e g i s t e r )  o n  IB M  p u n c h  
c a rd s. T h is  in f o r m a t io n ,  s u p p le m e n te d  b y  r e tu r n s  
o n  th e  q u e s t io n n a ir e  r e c e n t ly  s e n t  to  A IN  m e m ­
b ers , w i l l  b e  u s e d  in  th e  d e v e lo p m e n t  o f  a ro ster  
o f  n u tr it io n  s c ie n t is t s ,  w ith  a l i s t in g  o f  th e  i n ­
te r e s t  a n d  e x p e r ie n c e  o f  e a c h  in  in t e r n a t io n a l  
n u tr it io n  p r o g r a m s . ( 2 )  T h e  I n s t itu te  o f  I n te r ­
n a t io n a l  E d u c a t io n , w h ic h  h a s  a  reco rd  o f  a ll 
fo r e ig n  s tu d e n ts  tr a in in g  in  th is  c o u n tr y , h a s  
m a d e  a v a ila b le  to  u s  i t s  r ec o r d s  fr o m  S e p tem b e r  
1 9 6 0  th r o u g h  J u n e  1 9 6 5  (a b o u t  2 ,7 0 0  s t u d e n t s ) .  
T h is  in f o r m a t io n  w i l l  b e  u s e d  in  th e  d e v e lo p m e n t  
o f  a  lo c a to r  file  o f  fo r e ig n  g r a d u a te  s tu d e n ts  in  
n u tr it io n  a n d  r e la te d  f ie ld s . ( 3 )  In  c o lla b o r a t io n  
w ith  a p p ro p r ia te  g r a n t in g  a g e n c ie s ,  in fo r m a t io n  
fr o m  p u b lis h e d  l ite r a tu r e , fr o m  th e  S c ie n c e  I n fo r ­
m a t io n  E x c h a n g e ,  fr o m  g o v e r n m e n t  a g e n c y  p r o j­
e c t  f i le s ,  a n d , to  th e  e x te n t  p o s s ib le ,  fr o m  p r o je c t  
l i s t s  o b ta in e d  b y  p o l l in g  A IN  m e m b e r s , a l i s t in g  
w il l  b e  c o m p ile d  o f  r e s e a r c h  p r o je c ts  in  th e  U . S. 
w ith  p a r t ic u la r  a t t e n t io n  to  th o se  th a t  r e la te  to  
n u tr it io n  p r o b le m s  in  u n d e r d e v e lo p e d  c o u n tr ie s .  
( 4 )  A  s p e c ia l  su b -c o m m itte e , o f  th e  P r o je c t  A d ­
v is o r y  C o m m itte e , h a s  b e e n  c h a r g e d  w ith  d e v e lo p ­
in g  a l i s t  o f  d e v e lo p in g -c o u n tr y  la b o r a to r ie s  a n d  
lib r a r ie s  to  w h ic h  s u b s c r ip t io n s  to  s e le c te d  n u tr i­
t io n  p u b lic a t io n s  w i l l  b e  p r o v id e d  fo r  a p e r io d  o f

th r e e  y e a r s ,  w ith  th e  h o p e  th a t  a ft e r  th is  p e r io d  
th e y  w i l l  b e  a b le  to  c o n t in u e  s u c h  s u b s c r ip t io n s  
a t th e ir  o w n  e x p e n s e .  ( 5 )  D e v e lo p m e n t  o f  a  
lib ra r y  o f  la y -p a m p h le t s  a n d  o th e r  v i s u a l  a id s  
u s e f u l  i n  p u b lic  h e a lth  a n d  n u tr it io n  e d u c a t io n  
p r o g r a m s  i n  d e v e lo p in g  c o u n tr ie s .

D r . K lin e  th a n k e d  th e  m e m b e r s h ip  fo r  th e  e x ­
c e l le n t  r e s p o n se  to th e  q u e s t io n n a ir e  s e n t  r e c e n t ly .

E. Report on the International Biologi­
cal Program: George K. Davis.

D u r in g  a  m e e t in g  i n  P a r is  la s t  M a rc h , a  N u tr i­
t io n  I n te r s e c t io n a l W o r k in g  G roup  m e e t in g  w a s  
h e ld ;  H u m a n  A d a p ta b ility ,  U s e  a n d  M a n a g e m e n t ,  
M a rin e  a n d  T er r e str ia l P r o d u c t io n  w e r e  r ep re ­
s e n te d .

T h e  g o v e r n in g  b o d y  o f  th e  IB P  a d o p te d  th e  
p o lic y  th a t  n u tr it io n  s h o u ld  b e  a s e p a r a te  in te r ­
s e c t io n a l  p r o g r a m . T h e  w o r k in g  g ro u p  a d o p te d  a  
n u m b e r  o f  a r ea s  th e y  f e l t  to  b e  o f  p a r t ic u la r  im ­
p o r ta n c e  to  b e  e m p h a s iz e d  in  th e  IB P . ( 1 )  N u ­
tr it io n a l e v a lu a t io n  a n d  a c c e p ta b ility  o f  n e w  
fo o d s , fo o d s  n e w  to  a  g iv e n  p o p u la t io n  as w e l l  a s  
u n iq u e  p r o d u c ts  n o t  h e r e to fo r e  u s e d  a s  fo o d s .  
( 2 )  E v a lu a t io n  o f  th e  n u tr it iv e  s ta tu s  o f  p o p u la ­
t io n s  in  c o n tr a s t in g  e n v ir o n m e n ts ,  s u c h  a s  h ig h  
a lt i tu d e s , a t s e a  le v e l ,  in  th e  tr o p ic s  or i n  a r c t ic  
a r ea s . ( 3 )  E v a lu a t io n  o f  n u tr it io n a l  s ta tu s  o f  i s o ­
la te d  p o p u la t io n s  w ith  e m p h a s is  o n  g r o u p s  e x i s t ­
in g  o n  le v e ls  o f  n u tr it io n  th a t  d iffer  f r o m  o u r  
r e c o m m e n d e d  d ie ta r y  a llo w a n c e s .

T h e  U s e  a n d  M a n a g e m e n t  g ro u p  f e l t  th a t  th e y  
s h o u ld  la y  e m p h a s is  o n  a n im a l a n d  h u m a n  n u ­
tr it io n  a n d  d is e a s e  ( io d in e  d e f ic ie n c y , s e le n i u m ) ;  
c o n ta m in a t io n  o f  fo o d s  ( a f la t o x in s ) ;  n u tr it io n  
b a la n c e  (m in e r a ls ,  a m in o  a c id s ) ;  e v a lu a t io n  o f  
N R C  r e q u ir e m e n ts ;  u s e  o f  w ild  a n d  ta m e  h e r b i­
v o r e s  (n u tr i t io n  o f  th e s e  a n im a ls  a n d  p o s s ib le  
s o u r c e  o f  f o o d ) ;  a n d  n o v e l fo o d  so u r ce s  (m ic r o ­
b io lo g ic a l,  fe r m e n ta t io n  p r o d u c t s ) .

In  th e  U . S ., th e  U . S . N a t io n a l  C o m m itte e ,  
I U N S  w a s  a sk e d  to  ta k e  le a d e r s h ip  i n  th e  IB P . 
T h e  U . S . N a t io n a l  C o m m itte e  fo r  IB P  r e c o m ­
m e n d e d  to  th e  I n te r d e p a r tm e n ta l C o m m itte e  a n d  
to  th e  N a t io n a l  A c a d e m y  o f  S c ie n c e s  th a t  a ll  d e ­
p a r tm e n ts  o f  th e  g o v e r n m e n t  ( s u c h  a s  H E W ,  
U S D A , D e p a r tm e n t  o f  th e  I n te r io r )  in c lu d e  in  
th e ir  b u d g e ts  a l in e  i te m  (o r  id e n t i fy  f u n d s )  fo r  
th e  IB P . A c tio n  i s  in  p r o g ress .

T h e  N a t io n a l  S c ie n c e  F o u n d a t io n  h a s  in f o r ­
m a lly  id e n t if ie d  o n e  m il l io n  d o lla r s  fo r  th e  IB P . 
W e , as n u tr it io n is t s ,  m u s t  s u b m it  s p e c if ic a lly  
id e n t if ie d  n u tr it io n  p r o je c ts  to  a p p ly  fo r  s u c h  
fu n d s .

F. Report on the International Union of 
Nutritional Sciences: C. Glen King, Presi­
dent IUNS.

D r. K in g  r ep o rted  o n  th e  a c t io n s  ta k e n  d u r in g  
th e  H a m b u r g  m e e t in g  la s t  A u g u s t . T h e  I U N S  h a s  
m a d e  e x te n s iv e  r e v is io n s  in  th e ir  b y la w s . T h e  
r e v is io n s  p r o v id e  fo r  a r e o r g a n iz a t io n  o f  s tr u c tu r e  
to  p r o v id e  fo r  a  P r e s id e n t  a n d  tw o  V ic e -P r e s id e n ts  
w ith  a  c o u n c il- ty p e  m a n a g e m e n t  w ith  th e  o fficers  
a n d  s ix  c o u n c ilo r s  a c t in g  a s  th e  m a n a g in g  b o d y . 
P r o v is io n  h a s  b e e n  m a d e  fo r  r o ta t io n  o f  o fficers  
a n d  c o u n c ilo r s .  A  d e f in it io n  o f  m e m b e r s h ip  in  
th e  U n io n  h a s  b e e n  o u t lin e d ;  m e m b e r s h ip  m u s t
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b e  o n  a  N a t io n a l  b a s is .  O th er  la r g e  or v o lu n ta r y  
g r o u p s  a re  w e lc o m e  to  b e  r e p r e s e n te d  a t m e e t in g s  
fo r  in f o r m a t io n  o n ly  a n d  w i l l  h a v e  n o  v o t in g  
p o w e r s . T h e  n e w  b y la w s  p r o v id e  fo r  o n e , tw o , or 
th re e  v o t in g  d e le g a te s  fr o m  m e m b e r  s o c ie t ie s ;  
a n d  th e  c o r r e sp o n d in g  a n n u a l  p a y m e n ts  to  I U N S ,  
in i t ia l ly ,  w i l l  be 2 5 ,  75  or 2 5 0  p o u n d s  s te r lin g .  
V o tin g  p o w e r  i s  in c r e a s e d  p r im a r ily  b y  th e  s iz e  
o f  m e m b e r s h ip  r a th e r  th a n  f in a n c ia l  p o w e r s . D r. 
K in g  a d v is e d  th a t  th e  N a t io n a l  A c a d e m y  o f  
S c ie n c e s  w i l l  p a y  th e  A IN  m e m b e r s h ip  in  I U N S  
b e g in n in g  J a n u a r y  1 , 1 9 6 7  a n d  w i l l  f in a n c ia l ly  
a id  th e  w o r k in g  c o m m is s io n s  b u t c a n n o t  m e e t  
m o re  th a n  a  s m a ll  fr a c t io n  o f  th e  to ta l n e e d .

T h e  P r e s id e n t  w a s  a u th o r iz e d  to  a p p o in t ,  w ith  
C o u n c il a p p ro v a l, c o m m is s io n s  to  c o v e r  b ro a d  
a r ea s  a n d  w o r k in g  c o m m it te e s  to  m e e t  s p e c if ic  
n e e d s , a m o n g  w h ic h  are: C o m m is s io n  o n  n o m e n ­
c la tu r e , p r o c ed u r es  a n d  s ta n d a r d s  (A . F r a z e r ) ;  
C o m m iss io n  o n  o p e r a t io n a l p r o g r a m s , s u c h  a s  th e  
IB P ; C o m m is s io n  o n  h u m a n  d e v e lo p m e n t , w ith  
s p e c ia l  r e f e r e n c e  to  th e  p r e -sch o o l c h i ld  (P .  
G y d r g y );  C o m m is s io n  o n  g e n e t ic  p a t te r n s  o f  s p e ­
c ia l  n u tr it io n a l  im p o r ta n c e  ( d ia b e te s ,  m e ta b o lic  
d is e a s e s ,  d if fe r e n t ia t io n  o f  a n e m ia s ) ;  C o m m is ­
s io n  o n  n u tr it io n  e d u c a t io n  in  s c h o o ls  o f  m e d i­
c in e , p u b lic  h e a lth ,  d e n t is t r y , v e te r in a r y  m e d ic in e ,  
fo o d  s c ie n c e  a n d  t e c h n o lo g y , h o m e  e c o n o m ic s  a n d  
d ie te t ic s ,  a n d  a g r ic u ltu r e  (C . d e n  K a r to g ) ;  C o m ­
m it te e  o n  p u b lic a t io n s  (S .  K. K o n ) ,  in c lu d in g  
r e p r e s e n ta t io n  in  th e  m a n a g e m e n t  o f  a n  o ff ic ia l  
jo u r n a l o f  th e  I U N S  a n d  o th er  p u b lic a t io n s .  D r. 
K in g  a d v is e d  th a t  th e  I U N S  is  a c t iv e ly  e x p lo r in g  
a n  in t e r n a t io n a l  jo u r n a l a n d  D r. R . H . B a r n e s  is  
th e  A IN  r e p r e s e n ta t iv e  to  th e  la t t e r  c o m m it te e .

T h e  N a t io n a l  A c a d e m y  o f  S c ie n c e s  h a s  b e e n  r e ­
q u e s te d  to  a sk  N IH  fo r  a  c o n tr a c t  to  s u p p o r t th e  
e s t a b lis h m e n t  o f  a  p a r t- t im e  S e c re ta r y  fo r  th e  
U . S. N a t io n a l  C o m m itte e  o f  th e  I U N S . T h is  a c ­
t io n  i s  s c h e d u le d  fo r  th e  im m e d ia te  fu tu r e .

T h e  n e x t  I n te r n a t io n a l  C o n g r e ss  o f  N u tr it io n  
( 8 t h )  i s  s c h e d u le d  to  b e  h e ld  in  P r a g u e , C z ec h o ­
s lo v a k ia  d u r in g  th e  s u m m e r  o f  1 9 6 9  ( A u g u s t  2 8 -  
S e p tem b e r  5 ) .  P r o fe s s o r  J. M a se k  w i l l  b e  th e  
P r e s id e n t  o f  th e  C o n g r e ss  a n d  h is  a s s o c ia te  D r. 
Z d e n k a  S la b o c h o v a  w i l l  b e  G e n e r a l S ecre ta ry .

G. Report of the Public Information 
Committee ; M. S. Read, Chairman.

E a r ly  in  th e  c u r r e n t  y e a r  th e  C o m m itte e  e x ­
p lo r e d  a  n u m b e r  o f  a c t iv it ie s  w h ic h  m ig h t  b e  u n ­
d e r ta k e n  b y  it .  F o l lo w in g  th e  d is c u s s io n  o f  th e s e  
p r o p o se d  a c t iv it ie s  w ith  A IN  C o u n c il  la s t  O cto b er , 
th e  f o l lo w in g  w i l l  s er v e  to  s u m m a r iz e  th e  C o m ­
m it te e ’s a c c o m p lis h m e n ts .  ( 1 ) T h e  C o m m itte e  re ­
v ie w e d  a l l  a b s tr a c ts  o f  p a p e r s  to  b e  p r e s e n te d  o n  
th e  A IN  p r o g r a m  a t th e  a n n u a l  m e e t in g  in  A p ril. 
A p p r o x im a te ly  te n  p e r  c e n t  o f  th e s e  w e r e  r e c o m ­
m e n d e d  to  th e  F A S E B  P u b lic  I n fo r m a t io n  D ir e c ­
tor  fo r  n e w s w o r th in e s s .  S p ec if ic  s u g g e s t io n s  o n  
th e  s c ie n t if ic  in te r e s t  w e r e  m a d e . A  s im ila r  a c ­
t iv i ty  w i l l  b e  d e v e lo p e d  fo r  th e  A S C N  m e e t in g s  
in  M a y , w o r k in g  c lo s e ly  w ith  th e  A IN  E x e c u t iv e  
S ec re ta r y . ( 2 )  T h e  C o m m itte e  h a s  p r e p a r ed  r e ­
le a s e s  fo r  th e  s c ie n t if ic  a n d  la y  p r e ss  r e c o g n iz in g  
th e  1 9 6 7  A w a r d  w in n e r s  a n d  n e w  F e llo w s . T h e se  
w e r e  p r o c e s s e d  th r o u g h  th e  A IN  o ffice  w it h  th e  
a s s is ta n c e  o f  th e  F A S E B  P u b lic  I n fo r m a t io n  D i ­
rec to r . ( 3 )  T h e  r e v ie w  o f  m a n u s c r ip t s  a p p ea r in g

in  th e  A J C N  a n d  J N  fo r  th e ir  n e w s w o r th in e s s  
w a s  p o s tp o n e d  u n t i l  e a r ly  f a l l  a t th e  r e q u e s t  o f  
th e  ed ito r s  o f  th e  jo u r n a ls .  ( 4 )  C o m m itte e  m e m ­
b e r s  p r o v id e d  s u g g e s t io n s  fo r  n e w s  i t e m s  fo r  A IN  
N u tr it io n  N o te s .  T h is  p r o c ed u r e  n e e d s  to  b e  im ­
p r o v e d  fo r  fu tu r e  is s u e s .

H. Report of the AIN Committee on Ex­
perimental Animal Nutrition: G. F. Combs, 
Chairman.

P r o g r e ss  h a s  b e e n  m a d e  d u r in g  th e  y e a r  in  
a s s e m b lin g  s l id e s  d e p ic t in g  n u tr it io n a l  d e f ic ie n c y  
d is e a s e s  in  e x p e r im e n ta l  a n im a ls .  A p p r o x im a te ly  
8 0 0  s lid e s  h a v e  b e e n  a s se m b le d  to  d a te . T h e  C o m ­
m it te e ’s e ffo r ts  w i l l  n o w  tu rn  to  th e  p r o b le m  o f  
o b ta in in g  f u n d s  fo r  tr a v e l o f  C o m m itte e  m e m b e r s  
to  r e v ie w  th e s e  s l id e s  a n d  th e  s e le c t io n  o f  s u ita b le  
s e ts  o f  m a te r ia l .  F u n d s  w i l l  b e  r e q u ir e d  a ls o  fo r  
in i t ia l  d u p lic a t io n  o f  se ts . D e ta i ls  o f  th e s e  n e e d s  
w il l  b e  b r o u g h t to  th e  C o u n c il in  th e  fu tu r e .

T w o  C o n fe r e n c e s  w e r e  o r g a n iz e d  fo r  th e  a n n u a l  
m e e t in g  as fo llo w s :  ( 1 )  3 2 n d  A n n u a l  P o u ltr y
N u tr it io n  C o n fe r e n c e , c h a ir e d  b y  H a n s  F ish e r .  
T h is  C o n fe r e n c e  d e a lt  w ith  “N u tr ie n t  r e q u ir e ­
m e n t s  fo r  a v ia n  r e p r o d u c t io n ” a n d  c u r r e n t  r e ­
s e a r c h  o n  fa t -so lu b le  v ita m in s  a n d  u n id e n t if ie d  
g r o w th  fa c to r s  in  p o u ltr y  n u tr it io n . ( 2 )  8 th  A n ­
n u a l  R u m in a n t  N u tr it io n  C o n fe r e n c e , c h a ir e d  b y  
D . S. K r o n fe ld . T h e  to p ic  w a s  “ N u tr it io n a l  a n d  
e n d o c r in e  in f lu e n c e s  o n  c a lc iu m  m e ta b o lis m .”

I. International Nutrition Program
1. Report of the AIN Committee on 

International Nutrition: R. W. Engel,
Chairman.

W h e n  th e  A IN  S e c r e ta r ia t  w a s  e s t a b lis h e d  a t  
B e a u m o n t  H o u s e  in  J a n u a r y , 1 9 6 5 , o n e  o f  th e  
im p o r ta n t  f u n c t io n s  e n v is io n e d  w a s  th a t  o f  b e in g  
o f  s e r v ic e  i n  n u tr it io n  s c ie n c e  m a t te r s  to  g o v e r n ­
m e n t  a g e n c ie s .  T h is  C o m m itte e , d u r in g  th e  p a s t  
y e a r , b a s e d  o n  e a r l ie r  r e c o m m e n d a t io n s , d e v e l­
o p ed  a p r o p o se d  p r o je c t  to  s u p p o r t a n  O ffice  o f  
N u tr it io n  S c ie n c e  S e r v ic e s  in  A IN . A s a r e s u lt ,  a  
c o n tr a c t  h a s  b e e n  c o m p le te d  b e tw e e n  th e  A g e n c y  
fo r  I n te r n a t io n a l D e v e lo p m e n t  a n d  th e  F A S E B , 
th r o u g h  th e  N IH  O ffice o f  I n te r n a t io n a l  R e se a r c h ,  
N u tr it io n  S e c t io n . T h e  p r o je c t  w a s  a s s ig n e d  to 
A IN  fo r  im p le m e n ta t io n .

T h e  n e w  office  a t B e a u m o n t  H o u s e , a s  p a r t  o f  
th e  A IN  S e c re ta r ia t , w a s  o p e n e d  o n  N o v e m b e r  1, 
1 9 6 6 . W ith  a s s is ta n c e  o f  a n  A d v iso r y  C o m m itte e  
w h ic h  m e t  o n  J a n u a r y  3 , 1 9 6 7 , a p r o g r a m  o f  d e ­
v e lo p m e n t  w a s  o u t lin e d , c o n s is t e n t  w ith  te r m s  o f  
th e  c o n tr a c t . T h e  a g r e e m e n t  i s  to  o ffer  s e r v ic e s  
u s e f u l  in  in t e r n a t io n a l  n u tr it io n  p r o g r a m s , p a r ­
t ic u la r ly  fo r  A ID . C o m m itte e  d e c is io n s  w e r e  m a d e  
r e g a r d in g  th e  p ilo t  c o u n tr ie s  to  r e c e iv e  im m e d ia te  
a t te n t io n  u n d e r  th e  U S A ID  p r o g r a m  o f  “W a r  o n  
H u n g e r .”

D r. O. L. K lin e  i s  th e  D ir ec to r  o f  th e  O ffice o f  
N u tr it io n  S c ie n c e  S e r v ic e s  a n d  a c t iv it ie s  h a v e  
a lr e a d y  b e e n  in i t ia te d  w it h  r e s p e c t  to  th e  w o rk  
a rea s  ( s e e  r ep o rt b y  D r. K lin e , I te m  X II , D , o f  
th e s e  P r o c e e d in g s ) .

2 . T h e  A IN  C o u n c il th a n k e d  th e  C o m m itte e  o n  
I n te r n a t io n a l  N u tr it io n  fo r  a c c o m p lis h in g  i t s  ta s k  
w ith  e x c e l le n c e  a n d  th e  C o m m itte e  w a s  d is ­
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c h a r g e d . A n  A d v is o r y  C o m m itte e  to  th e  O ffice o f  
N u tr it io n  S c ie n c e  S e r v ic e s  h a s  b e e n  a p p o in te d .

J. Report of the Committee on Nomen­
clature: S. R. Ames, Chairman.

1. O r g a n iz a tio n a l. T h e  1 9 6 6 —1 9 6 7  C o m m itte e  
o n  N o m e n c la tu r e  w a s  a c t iv a te d  b y  P r e s id e n t  
S c h a e fe r  f o l lo w in g  th e  1 9 6 6  A IN  m e e t in g  in  A t­
la n t ic  C ity  w ith  D r s. P . L. H a r r is , H . H . W il l ia m s ,  
H . E . S a u b e r lic h  a n d  M . E . S h ils  a s m e m b e r s .  
T h e  I U N S  h a s  e s ta b lis h e d  a  C o m m is s io n  o n  N o ­
m e n c la tu r e .  P r o fe s s o r  H . D a m  ( D e n m a r k )  is  
C h a ir m a n  w ith  D r. C. G. K in g  a n d  D r. S . R . A m e s  
as r e p r e s e n ta t iv e s  fr o m  th e  U . S . T h e  N A S -N R C  
O ffice  o f  B io c h e m ic a l  N o m e n c la tu r e ,  D r. W a ld o  
C o h n , D ir ec to r , h a s  b e e n  m o s t  c o o p e r a t iv e  in  c o n ­
t in u in g  to  ser v e  a s  l ia is o n  b e tw e e n  IU P A C -IU B  
a n d  th is  C o m m itte e .

2 . V ita m in  N o m e n c la tu r e , a )  V ita m in  E . A  
s y s te m  o f  n o m e n c la tu r e  fo r  th e  s te r e o is o m e r s  o f  
to c o p h e r o ls  a n d  th e ir  e s te r s  w a s  p r o p o se d  la s t  
y e a r  b y  th is  C o m m itte e , a c c e p te d  b y  th e  A IN  
C o u n c il a n d  p u b lis h e d  i n  th e  P r o c e e d in g s  (J .  
N u tr .,  9 0 :  1 0 8 - 1 0 9 ,  1 9 6 6 ) .  T h is  n o m e n c la tu r e  
s y s te m  w a s  s u b m itte d  to  IU P A C -IU B  C o m m iss io n  
o n  B io c h e m ic a l  N o m e n c la tu r e  a n d  d e s ig n a te d  
C B N  1 9 6 5 -7 . C o n s id e r a t io n  o f  th is  s y s te m  w a s  re ­
fe r re d  to  a s u b -c o m m itte e  o f  C B N  o n  C a ro ten o id  
N o m e n c la tu r e  w h ic h  m e t  a t T r o n d h e im  in  J u n e ,  
1 9 6 6 . T h e re  h a s  b e e n  c o r r e sp o n d e n c e  o n  th is  s y s ­
te m  b u t t e n t a t iv e  r u le s  h a v e  n o t  y e t  a p p ea red . 
F u rth e r  a c t io n  b y  th is  C o m m itte e  w i l l  d e p e n d  o n  
th e  r e s p o n se  fr o m  th e  C B N  C o m m itte e , b )  V ita ­
m in s .  IU P A C -IU B -C B N  h a s  r e v ise d  th e  r u le s  o n  
v ita m in  n o m e n c la tu r e  a p p e a r in g  in  J. A m er . 
C h em . S o c ., 82 : 5 5 8 1 - 5 5 8 3 ,  1 9 6 0 , a n d  th e  f o l lo w ­
in g  r u le s  w e r e  p u b lis h e d  in  J. B io l. C h e m ., 3 4 1 :  
2 9 8 7 , 1 9 6 6 :  T r iv ia l N a m e s  o f  M is c e lla n e o u s  C o m ­
p o u n d s  o f  I m p o r ta n c e  in  B io c h e m is tr y ;  N o m e n ­
c la tu r e  o f  Q u in o n e s  w ith  I so p r e n o id  S id e  C h a in s;  
N o m e n c la tu r e  a n d  S y m b o ls  fo r  F o lic  A c id  a n d  
R e la te d  C o m p o u n d s;  a n d  R u le s  fo r  th e  N o m e n c la ­
tu re  o f  C o rrin o id s .

P r o fe s s o r  H . D a m  a n d  D r. T . M oore  a s r ep re ­
s e n ta t iv e s  o f  I U N S  to o k  e x c e p t io n  to  th e  a b o v e  
p u b lis h e d  r u le s  a n d  s u b m itte d  a d e ta ile d  rep ort  
o n  th e ir  v ie w s  a t  th e  I n te r n a t io n a l  C o n g r e ss  o f  
N u tr it io n  ( 7 t h )  a t H a m b u r g  o n  A u g u s t  1 0 , 1 9 6 6 . 
A  c a b le g r a m  w a s  d is p a tc h e d  to  D r. P . L. H a rr is  
o f  th is  C o m m itte e  f c r  p r e s e n ta t io n  to  th e  C o n ­
g r e s s  e n d o r s in g  th e ir  s u g g e s te d  p r o g r a m  o f  a c t io n  
a n d  r e q u e s t in g  r e p r e s e n ta t io n  fo r  A IN  o n  th e  p ro ­
p o s e d  I U N S  p e r m a n e n t  c o m m is s io n .

S u b se q u e n tly , th e  I U N S  C o u n c il  d e c id e d  to  
e s ta b lis h  a C o m m is s io n  o n  N o m e n c la tu r e  w ith in  
I U N S . P r o fe s so r  H . D a m  w a s  d e s ig n a te d  C h a ir ­
m a n  a n d  D r. D o r o th y  D u n c a n ,  S e c re ta r y . R ep re ­
s e n ta t iv e s  fr o m  th e  U . S . a re  D rs. S. R . A m e s  a n d  
C. G. K in g . T h is  C o m m is s io n  h a s  r e q u e s te d  c o m ­
m e n t s  a n d  c r i t ic is m s  o f  th e  D a m -M o o re  rep o rt as  
w e l l  a s  s u g g e s t io n s  o n  o th er  n o m e n c la t u r e  p ro b ­
le m s .  D e ta ile d  c o m m e n ts  o n  th e  D a m -M o o re  r e ­
p o r t w i l l  b e  s u b m itte d  f o l lo w in g  th e  m e e t in g  o f  
th is  C o m m itte e  in  C h ic a g o  i n  A p r il, 1 9 6 7 . In  th e  
m e a n t im e ,  th e  E d ito r s  o f  th e  B r it is h  J o u r n a l o f  
N u tr it io n  a n d  o f  th e  P r o c e e d in g s  o f  th e  N u tr it io n  
S o c ie ty  h a v e  a d o p te d  th e  e a r l ie r  IU P A C -IU B -C B N  
n o m e n c la t u r e  w it h  c e r ta in  e x c e p t io n s  (B r it .  J.

N u tr .,  2 0  (n o . 1 ):  ( v ) ,  1 9 6 6 , a n d  P r o c . N u tr . S o c .,  
2 5  (n o . 1 ):  ( v ) - ( v i ) ,  1 9 6 6 , D ir e c t io n s  to  C o n tr ib ­
u t o r s ) .  T h e y  r e t a in  th e  n a m e  “v i t a m in ” fo r  v i ta ­
m in s  A , D , E , K , B i,  B 6, B 12, a n d  C to  c o v e r  th e  
b io lo g ic a l  a c t iv ity  w h e n  m o r e  th a n  o n e  a c t iv e  su b ­
s ta n c e  i s  in v o lv e d . U n fo r tu n a te ly , th e ir  s u m m a r y  
a p p ea rs  to b e  b a s e d  o n  th e  e a r lie r  v e r s io n  o f  th e  
IU P A C -C B N  n o m e n c la tu r e  (J o u r n a l o f  th e  A m e r i­
c a n  C h e m is ts ’ S o c ie ty , I 9 6 0 ) ,  a n d  d o e s  n o t  in c lu d e  
th e  r u le s  p u b lis h e d  r e c e n t ly  (J o u r n a l o f  B io lo g ic a l  
C h e m is tr y , 1 9 6 6 ). I t  i s  r e c o m m e n d e d  th a t  n o  a c t io n  
s h o u ld  b e  ta k e n  b y  th is  C o m m itte e  or b y  A IN  
u n t i l  c o n s id e r a t io n  c a n  b e  g iv e n  to  th e  r e c o m m e n d a ­
tio n s  o f  th e  I U N S  C o m m iss io n  o n  N o m e n c la tu r e .

3 . O th er  A c t iv it ie s .  I n  a  le t te r  to  th e  F o o d  a n d  
N u tr it io n  B o a rd , th e  I n te r n a t io n a l O r g a n iz a t io n  
fo r  S ta n d a r d iz a t io n  a d v o c a te d  a d o p tio n  o f  e ith e r  
“jo u le ” or “k ilo w a t t  h o u r ” as a  u n it  o f  h e a t  
( e n e r g y )  in  p r e fe r e n c e  to  “c a lo r ie ” or “k ilo c a l­
o r ie .” A p p lic a t io n  o f  th is  p r o p o s a l to  th e  s c ie n c e  o f  
n u tr it io n  w o u ld  b e  v e ry  d ifficu lt . T h e  p r o b le m  is  
c u r r e n t ly  u n d e r  c o n s id e r a t io n  b y  th is  C o m m itte e .

4 . C h a ir m a n ’s C o m m e n ts  a n d  R e c o m m e n d a ­
t io n s . I n  c o n tr a s t  w ith  th e  p r e v io u s  la c k  o f  a c ­
t iv i ty  o n  n o m e n c la tu r e  p r o b le m s  i n  n u tr it io n a l  
s c ie n c e ,  th er e  h a s  b e e n  a n  e n c o u r a g in g  u p su r g e  
o f  in t e r e s t  a t th e  in t e r n a t io n a l  le v e l .  I t  i s  r e c o m ­
m e n d e d  th a t  th e  C o m m itte e  o n  N o m e n c la tu r e  be  
c o n t in u e d  fo r  1 9 6 7 - 1 9 6 8 ,  th a t  i t  c o n t in u e  to  c o ­
o p e ra te  c lo s e ly  w ith  a ll  in t e r n a t io n a l  g r o u p s , a n d  
th a t  a c t io n  o n  v i t a m in  n o m e n c la t u r e  b e  te m p o ­
r a r ily  p o s tp o n e d  p e n d in g  r e v ie w  b y  th e  I U N S  
C o m m is s io n  o n  N o m e n c la tu r e .

S u m m a r y . A  s y s te m  o f  n o m e n c la tu r e  fo r  th e  
s te r e o is o m e r s  o f  th e  to c o p h er o ls  w a s  a c c e p te d  b y  
th e  C o u n c il ,  p u b lis h e d  in  th e  J o u r n a l o f  N u tr it io n  
a n d  s u b m itte d  to  IU P A C -IU B -C B N  fo r  th e ir  c o n ­
s id e r a t io n .

C o n tin u e d  c lo s e  l ia is o n  w ith  I U N S  w a s  in s u r e d  
w ith  a p p o in tm e n t  o f  D rs. K in g  a n d  A m e s  to  th e  
n e w ly  fo r m e d  I U N S  C o m m iss io n  o n  N o m e n c la ­
tu re . A c t io n  o n  V ita m in  N o m e n c la tu r e  i s  te m p o ­
r a r i ly  p o s tp o n e d  p e n d in g  r e c o m m e n d a t io n s  o f  th e  
I U N S  C o m m iss io n .

K. Report of the AIN Representative to 
the AAAS: Ruth M. Leverton.

T h e  C o m m itte e  o n  C o u n c il  A ffa ir s  h a d  b e e n  r e ­
q u e s te d  to  c o n s id e r  m e a n s  b y  w h ic h  th e  A A A S  
C o u n c il c o u ld  a c h ie v e  a  m e m b e r s h ip  th a t  w o u ld  
b e  m o re  a c c u r a te ly  r e p r e s e n ta t iv e  o f  th e  d if fe r e n t  
f ie ld s  o f  s c ie n t if ic  in t e r e s t  th a n  is  n o w  f o u n d  in  
th e  C o u n c il. T h is  w i l l  b e  s tu d ie d  in  19 6 7 .

T h e  S tu d y  C o m m itte e  o n  C o o p e r a tio n  w it h  D e ­
v e lo p in g  C o u n tr ie s  r e c o m m e n d e d  th a t  a  fu l l - t im e  
O ffice o f  I n te r n a t io n a l S c ie n c e  b e  e s ta b lis h e d  
w it h in  th e  A s s o c ia t io n  a n d  s u g g e s te d  a n u m b e r  
o f  a c t iv it ie s  c o n s id e r e d  a p p ro p r ia te  fo r  th e  p ro ­
p o s e d  o ffice . B e c a u s e  a  n u m b e r  o f  q u e s t io n s  o f  
c o s t  a n d  p r o g r a m , a s w e l l  a s  d e s ir a b ility ,  a n d  r e ­
la t io n s  w it h  o th e r  b o d ie s  u n d e r ta k in g  s u c h  w o r k  
n e e d e d  to  b e  c o n s id e r e d , th e  C o m m itte e  o n  C o u n ­
c i l  A ffa ir s  r e c o m m e n d e d  th a t  a c t io n  o n  th e  r e c ­
o m m e n d a tio n  b e  d e fe r re d  fo r  a n o th e r  y e a r  to  g iv e  
th e  s ta f f  a n d  B o a rd  o f  D ir ec to r s  a n  o p p o r tu n ity  
to  s tu d y  th e  p r o p o sa l.

E x te n s iv e  d is c u s s io n  c e n te r e d  o n  a  p r o p o se d  
r e s o lu t io n  r e g a r d in g  th e  A A A S p o s it io n  o n  th e
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u s e s  o f  b io lo g ic a l  a n d  c h e m ic a l  a g e n ts  to  m o d ify  
th e  e n v ir o n m e n t . T h e  r e s o lu t io n  a s  i t  w a s  a d o p ted  
r ea d s  a s  fo llo w s :

WHEREAS m odern science and  technology 
now  give m an  unpreceden ted  pow er to a lter 
h is env ironm ent and  affect the  ecological ba l­
ance of th is p lanet; and
WHEREAS the  fu ll im pact of th e  uses of bio­
logical and chem ical agen ts to m odify the  
environm ent, w hether fo r peacefu l or m ili­
ta ry  purposes, is not fu lly  know n 
BE IT RESOLVED th a t th e  A m erican  Asso­
c iation  fo r the  A dvancem ent of Science: (1 )  
expresses its  concern  regard ing  the  long- 
ran g e  consequences of the  use of biological 
an d  chem ical agents w hich  m odify the  en ­
vironm ent; an d  (2 )  establishes a com m ittee 
to study such use, inc lu d in g  the  effects of 
chem ical and  biological w arfa re  agents, and 
periodically  to report its  findings th rough  ap ­
p ropria te  channels of the  Association; and 
(3 )  volunteers its  cooperation w ith  public 
agencies an d  offices of governm ent for the 
ta sk  of ascerta in ing  scientifically  and  objec­
tively the fu ll im plications of m ajo r pro­
gram s an d  activities w hich  m odify the  en­
vironm ent and  affect th e  ecological balance 
on a  large scale.

A p a n e l d is c u s s io n  fo l lo w e d  in c lu d in g  th e  s u b ­
je c t: “W h o  s h o u ld  b e  r e s p o n s ib le  fo r  p la n n in g  
s c ie n c e  p o licy :  P S A C , th e  N a t io n a l  S c ie n c e  B o a rd , 
o th e r s ? ” ; “D is tr ib u t io n  o f  r e s e a r c h  fu n d s  to  d if ­
fe r e n t  a r ea s  o f  s c ie n c e ” ; “N e w  so u r ce s  fo r  id e a s  
o n  s c ie n c e  p o l ic y ” ; a n d  “P o s s ib le  m o d e ls  fo r  f lo w  
p la n n in g  o f  s c ie n t if ic  m a n p o w e r  in  a n t ic ip a t io n  
o f  r e d u c t io n s  in  th e  ra te  o f  in c r e a s e  o f  f u n d s  fo r  
r e s e a r c h .”

XIII. Future Annual Meetings 
1 9 6 8 : A tla n t ic  C ity , N e w  J e rse y , A p r il 1 6 - 2 0 ,  

r e g is tr a t io n  o p e n s  A p r il 15  
1 989: A t la n t ic  C ity , N e w  J e rse y , A p r il 14—18 , 

r e g is tr a t io n  o p e n s  A p r il 13  
1 970: A tla n t ic  C ity , N e w  J e rse y , A p r il 13—17 , 

r e g is tr a t io n  o p e n s  A p r il 12  
197 1 : C h ic a g o , I l l in o is ,  A p r il 13—1 7 , r e g is tr a ­

t io n  o p e n s  A p r il 12

A N N U A L  D IN N E R  A N D  
P R E S E N T A T IO N  O F F E L L O W S A N D  

A W A R D S

The annual banquet was held on 
Wednesday, April 19, 1967 at the Shera- 
ton-Blackstone Hotel with 402 attending. 
Dr. Schaefer presided.

Dr. Sam Hansard introduced the newly 
appointed Fellows, whose citations follow:

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

Georgian Adams —  fo r  
a n  il lu s t r io u s  ca re e r  as  
l ia is o n  o fficer  in  th e  
fe d e r a l s e r v ic e  (U S D A );  
fo r  c o n tr ib u t io n s  to  
m e th o d o lo g y  a n d  to  b a ­
s ic  k n o w le d g e  o f  th e  
c o m p o s it io n  a n d  n u tr i­
t iv e  v a lu e  o f  fo o d s ;  fo r  
c r e a t iv e ly  fo s te r in g  re ­
s e a r c h  in  b ro a d  a rea s  
o f  h u m a n  n u tr it io n  a n d  
b io c h e m is tr y  a n d  th e  
p r o m o t io n  o f  s o u n d  r e ­
s e a r c h  p r o g r a m s  o f  lo ­
c a l ,  r e g io n a l,  n a t io n a l ,

a n d  in t e r n a t io n a l  s co p e ;  fo r  u n u s u a l  c o m p e te n c y  
in  a d m in is tr a t iv e  im p le m e n ta t io n  o f  c o o p e ra t iv e  
r e s e a r c h  p r o g r a m s . In  h e r  p r o fe s s io n a l  c a p a c ity  
s h e  h a s  in f lu e n c e d  th e  c a reer s  a n d  r e se a rc h  
a c c o m p lis h m e n ts  o f  m a n y  A IN  m e m b e r s . Dr. 
A d a m s ’ a c c o m p lis h m e n t s  h a v e  b e e n  r e c o g n iz e d  by  
th e  S u p erio r  S e r v ic e  A w a rd  o f  th e  U S D A  a n d  by  
a n  h o n o ra r y  D o c to r  o f  S c ie n c e  d e g r ee  fr o m  h er  
a lm a  m a ter , th e  U n iv e r s ity  o f  N e b r a sk a .

Earle W . Crampton 
—  fo r  a  d is t in g u is h e d  
c a re e r  o f  r e s e a r c h  in  
b oth  fu n d a m e n t a l  a n d  
a p p lie d  n u tr it io n , p a r ­
t ic u la r ly  in  th e  d e v e lo p ­
m e n t  o f  s w in e  fe e d in g  
p r o g r a m s , in  th e  n u ­
tr it io n a l e v a lu a t io n  o f  
fo r a g e s  a n d  o th er  fe e d s ,  
a n d  in  th e  a p p lic a t io n  
o f  a p p ro p r ia te  e x p e r i­
m e n t a l  d e s ig n s  a n d  s ta ­
t i s t ic a l  m e th o d s  to  a n i­
m a l  e x p e r im e n ts .  A s a 
te a c h e r , h e  h a s  in f lu ­
e n c e d  a  la r g e  n u m b e r  o f  u n d e r g r a d u a te s  to  e m ­
b ark  u p o n  g r a d u a te  s tu d ie s ;  a s  a g r a d u a te  r e ­
s e a r c h  d ir e c to r , h e  h a s  m o u ld e d  th e  c a re e r s  o f  
m a n y  n u tr it io n is t s  th r o u g h  h is  p e r s o n a l d ev o tio n  
to  w o rk , h is  a b il ity  to  p e r c e iv e , p u r s u e  a n d  c r it i­
c a l ly  e v a lu a te  n u tr it io n a l  p r o b le m s , a n d  h is  u n ­
r e le n t in g  in s is t e n c e  u p o n  e x c e l le n c e  o f  p e r fo r ­
m a n c e . A s a m e m b e r  o f  s c ie n t if ic  a n d  p r o fe s s io n a l  
s o c ie t ie s ,  a s  w e l l  a s  o f  n a t io n a l  c o m m it te e s  a n d  
c o u n c ils ,  h e  h a s  c o n tr ib u te d  to  th e  a d v a n c e m e n t  
o f  th e  p r o fe s s io n  o f  n u tr it io n  in  b o th  C a n a d a  a n d

L. Em m ett  H olt, Jr . 
—  fo r  a b r i l l ia n t  a n d  
h ig h ly  p r o d u c t iv e  c a ­
ree r  in  e x p e r im e n ta l  
n u tr it io n  a s  w e l l  as  
in  p r a c t ic a l  p e d ia tr ic s ;  
p a r t ic u la r ly  fo r  h is  c o n ­
tr ib u t io n s  to  th e  m e c h ­
a n is m  o f  c a lc if ic a t io n  
i n  a n im a l t is s u e s ;  th e  
c o m p a r a t iv e  v a lu e  o f  
d if fe r e n t  f a t s  in  in f a n t  
n u tr it io n ;  th e  r eq u ir e ­
m e n t s  fo r  B v ita m in s  
in  a d u lts  a n d  c h ild r e n ;  
a n d , a b o v e  a ll ,  fo r  th e  

th o r o u g h g o in g  s tu d y  o f  th e  a m in o  a c id  a n d  p ro ­
te in  r e q u ir e m e n ts  o f  in f a n t s  a n d  c h ild r e n . H is  
g ro u p  id e n t if ie d  th e  c h e m ic a l  b a s is  o f  a n  a n o m a ly  
o f  a m in o  a c id  m e ta b o lis m , m a p le  sy ru p  u r in e  d is ­
e a s e , a n d  d e m o n str a te d  i t s  c o n tr o l b y  d ie t. H e  
h a s  r e c e iv e d  m a n y  a w a r d s  r e c o g n iz in g  h is  a c c o m ­
p l i s h m e n ts  in c lu d in g  th e  1 9 6 4  A IN  O sb o rn e  a n d  
M en d e l A w ard .

L .  E M M E T T  H O L T ,  J R .

E A R L E  W .  C R A M P T O N
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A IN  M E A D  J O H N S O N  A W A R D  
F O R  R E S E A R C H  IN  N U T R IT IO N

T h e  1 9 6 7  M ea d  J o h n ­
s o n  a n d  C o m p a n y  
A w a rd  o f  $ 1 ,0 0 0  a n d  a  
s c r o ll w a s  a w a r d e d  to  
D r. W il l ia m  N . P e a r ­
s o n , A s s o c ia te  P r o fe sso r  
o f  B io c h e m is tr y , V a n ­
d e r b ilt  U n iv e r s ity .  It 
w a s  p r e se n te d  in  c o n ­
s id e r a t io n  o f  h is  f u n ­
d a m e n ta l  c o n tr ib u t io n s  
to  ou r  u n d e r s ta n d in g  o f  
th e  m e ta b o lis m  o f  th i­
a m in e ;  fo r  h is  b a s ic  
s tu d ie s  o n  ir o n  a n d  s e ­
le n iu m  m e ta b o lis m ; fo r  
h is  c o n tr ib u t io n s  to th e  f ie ld  o f  b io c h e m ic a l a p ­
p r a is a l o f  n u tr it io n a l  s ta tu s ;  a n d  fo r  h is  c o n t in u ­
in g  c o n tr ib u t io n s  a n d  a c t iv it ie s  in  th e  f ie ld  o f  
in t e r n a t io n a l  n u tr it io n .

B O R D E N  A W A R D  IN  N U T R IT IO N

T h e  A m e r ic a n  I n s t i­
tu te  o f  N u tr it io n ’s 1 9 6 7  
B o r d e n  A w a r d  o f  
$ 1 ,0 0 0  a n d  a g o ld  m e d ­
a l w a s  p r e s e n te d  to  
D r. R ic h a r d  H . B a rn es ,  
P r o fe s so r  o f  N u tr it io n  
a n d  D e a n  o f  th e  G rad­
u a te  S c h o o l o f  N u tr i­
t io n , C o r n e ll U n iv e r s ity ,  
I th a c a , N e w  Y ork. T h e  
a w a rd  w a s  g iv e n  fo r  
h is  r e s e a r c h  o n  p r o te in  
m a ln u tr it io n  in  e x p e r i­
m e n t a l  a n im a ls ,  in v o lv ­
in g  lo w -p ro te in  d ie ts  

s u c h  as c a u s e  k w a sh io r k o r  in  h u m a n s ,  s tu d ie s  on  
th e  v a lu e  o f  m ilk  a n d  o th er  d ie ta r y  p r o te in s  in  
c o u n te r a c t in g  p r o te in  m a ln u tr it io n ,  a n d  th e  e f fe c t  
o f  p r o te in  d e f ic ie n c y  o n  th e  m e n t a l  d e v e lo p m e n t  
o f  th e  y o u n g ;  fo r  r e s e a r c h  o n  th e  fa c to r s  in  r a w  
s o y b e a n s  th a t  im p a ir  th e  u t i l iz a t io n  o f  so y b e a n  
p r o te in s ;  a n d  th e  r o le  o f  co p r o p h a g y  in  th e  n u ­
tr it io n  o f  th e  ra t in  w h ic h  w a s  s h o w n  g r ea t i n ­
g e n u ity , p e r s is te n c e  a n d  e x p e r im e n ta l sk ill .

O S B O R N E  A N D  M E N D E L  A W A R D

T h e  1 9 6 7  O sb orn e  
a n d  M en d e l A w a rd  o f  
$ 1 ,0 0 0  a n d  a scr o ll w a s  
p r e s e n te d  to  D r. S a m ­
u e l  L ep k o v sk y , P r o fe s ­
sor  o f  P o u ltr y  H u s b a n d ­
ry , U n iv e r s ity  o f  C a li­
fo r n ia , B er k e le y . It w a s  
g iv e n  in  r e c o g n it io n  o f  
h is  o u t s ta n d in g  s tu d ie s  
o n  p h y s io lo g ic a l  m e c h ­
a n is m s  as th e y  r e la te  
to  fo o d  in ta k e  a n d  to  
s tr e ss . H is  w o rk  h a s  
o p e n e d  n e w  v is ta s  o n  s a m u e l  l e p k o v s k y

th e  e f fe c t  o f  th e  h y p o ­
th a la m u s  ( th r o u g h  th e  c e n tr a l n e r v o u s  s y s t e m )  
a n d  v a r io u s  e n d o c r in e  s y s te m s  o n  a p p e t ite , s a t ie ty  
a n d  n u tr it io n a l p r o c e s s e s .  U s in g  th e  c h ic k  a n d  
th e  r a t , h e  h a s  d e v e lo p e d  n e w  te c h n iq u e s  w h ic h  
are u s e f u l  in  u n d e r s ta n d in g  th e  b io lo g ic a l m e c h ­
a n is m s  d e a lin g  w ith  th e  a c c e p ta n c e  a n d  u t i l iz a ­
t io n  o f  n e w  fo o d  p r o d u c ts .

T H E  C O N R A D  A. E L V E H JE M  A W A R D  
F O R  P U B L IC  SE R V IC E  

IN  N U T R IT IO N

T h e  1 9 6 7  C o n ra d  A. 
E lv e h je m  A w a rd  o f  
$ 1 ,0 0 0  a n d  a s c r o ll w a s  
p r e s e n te d  to  D r. J o h n  
B . Y o u m a n s , V ic e -P r e s ­
id e n t  o f  th e  G ra y so n  
F o u n d a t io n  a n d  P r e s i­
d e n t  E m e r itu s  o f  th e  
U n ite d  H e a lth  F o u n d a ­
t io n s , In c . T h e  a w a rd  
w a s  m a d e  in  r e c o g n i­
t io n  o f  D r. Y o u m a n s ’ 
p io n e e r in g  e ffo r ts  in  
p u b lic  h e a lth  n u tr it io n  
d u r in g  a lo n g  a n d  d is ­
t in g u is h e d  c a re e r  as  

p h y s ic ia n ,  m e d ic a l  e d u c a to r , m il ita r y  s c ie n t is t ,  
a n d  p u b lic  se r v a n t;  a ls o  fo r  h is  c o n tr ib u t io n s  to  
n u tr it io n a l s c ie n c e ,  a n d  h is  v ig o r o u s  su p p o r t o f  
th e  im p o r ta n c e  o f  n u tr it io n  in  m e d ic a l  p r a c t ic e ,  
in  m il ita r y  p la n n in g ,  a n d  in  p u b lic  h e a lth  p ro ­
g r a m s  in  th e  U n ite d  S ta te s  a n d  in  o th e r  c o u n tr ie s .

W I L L I A M  N .  P E A R S O N

R I C H A R D  H .  B A R N E S

J O H N  B .  Y O U M A N S

A M E R IC A N  IN S T IT U T E  O F N U T R IT IO N

F o u n d e d  S e p te m b e r  2 7 , 1 9 2 8 ; I n c o r p o r a te d  N o v e m b e r  1 6 , 1 9 3 4 ; M e m b e r  o f  F e d e r a tio n  1 9 4 0

O F F IC E R S , 1 9 6 7 -1 9 6 8

P r e s id e n t :  G. M . B r ig g s , D e p a r tm e n t  o f  N u tr i­
t io n a l S c ie n c e s ,  U n iv e r s ity  o f  C a lifo r n ia ,  
B er k e le y , C a lifo r n ia  9 4 7 2 0 .

P r e s id e n t-E le c t:  R. H . B a r n e s , G ra d u a te  S c h o o l
o f  N u tr it io n , C o rn e ll U n iv e r s ity ,  I th a c a , N e w  
Y ork  1 4 8 5 0 .

P a s t  P r e s id e n t :  A . E . S c h a e fe r , N u tr it io n  S ec ­
t io n , O ffice o f  I n te r n a t io n a l R e se a r c h , N a ­
t io n a l I n s t itu te s  o f  H e a lth , B e th e sd a , M ary­
la n d  2 0 0 1 4 .

S e c r e ta r y :  W . N . P e a r so n , D e p a r tm e n t  o f  B io ­
c h e m is tr y , V a n d e r b ilt  U n iv e r s ity  S c h o o l o f  
M e d ic in e , N a s h v il le ,  T e n n e s s e e  3 7 2 0 3  (1 9 6 9 ) .

T r e a s u r e r :  W . A . K reh l, C lin ic a l R e se a r c h  C e n ­
ter , U n iv e r s ity  H o s p ita ls ,  I o w a  C ity , Io w a  
5 2 2 4 1  ( 1 9 6 8 ) .

C o u n c ilo r s :  E . L. R. S to k sta d  ( 1 9 6 8 ) ,  A . B.
E is e n s te in  ( 1 9 6 9 ) ,  A . E . H a rp er  ( 1 9 6 9 ) ,  
H . E. S ä u b e r lic h  ( 1 9 7 0 ) .

E x e c u t iv e  S e c r e ta r y :  J a m e s  W a d d e ll , 9 6 5 0  R o c k ­
v i l le  P ik e , B e th e sd a , M a ry la n d  2 0 0 1 4 .
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C O M M IT T E E S

N o m in a t in g  C o m m itte e :  J. K. L o o s li ,  c h a ir m a n ;
D o r is  H . C a llo w a y , P . L . H a r r is , F . A . K u m - 
m e r o w , C. W . W o o d ru ff.

M e m b e r sh ip  C o m m itte e :  K. W . K in g  ( 1 9 6 8 ) ,
c h a ir m a n ;  D e n a  C. C e d e rq u is t  ( 1 9 6 9 ) ,  G. V . 
M a n n  ( 1 9 7 0 ) ,  B . L . O’D e ll  ( 1 9 7 1 ) ,  C. H . H il l  
( 1 9 7 2 ) .

N o m in a t in g  C o m m itte e  fo r  M e a d  J o h n so n  A w a rd :  
A . R . K e m m e r e r  ( 1 9 6 8 ) ,  c h a ir m a n ;  L. M . 
H e n d e r s o n  ( 1 9 6 9 ) ,  H . E . S ä u b e r lic h  ( 1 9 7 0 ) .  

N o m in a t in g  C o m m itte e  fo r  B o rd e n  A w a rd :  P . H .
W e s w ig  ( 1 9 6 8 ) ,  c h a ir m a n ;  K. E . H a rsh -  
b a r g e r  ( 1 9 6 9 ) ,  R . T . H o lm a n  ( 1 9 7 0 ) .  

N o m in a t in g  C o m m itte e  fo r  O sborne  - M e n d e l  
A w a rd :  A le x  B la c k  ( 1 9 6 8 ) ,  c h a ir m a n ;  L. E .
H o lt , Jr. ( 1 9 6 9 ) ,  M . K. H o r w itt  ( 1 9 7 0 ) .  

N o m in a t in g  C o m m itte e  fo r  C o n ra d  A . E lv e h je m  
A w a rd :  F . W . Q u a c k e n b u s h  ( 1 9 6 8 ) ,  c h a ir ­
m a n ;  R . E . S h a n k  ( 1 9 6 9 ) ,  O la f  M ic k e lse n  
( 1 9 7 0 ) .

F ello w s C o m m itte e :  W . H . G riffith  ( 1 9 6 8 ) ,  c h a ir ­
m a n ;  A g n e s  F . M o rg a n  ( 1 9 6 9 ) ,  R . M . F o rb es
( 1 9 6 9 )  , T . H . J u k es  ( 1 9 7 0 ) ,  L . A . M a y n a r d
( 1 9 7 0 )  .

C o m m itte e  o n  H o n o ra ry  M e m b e rsh ip s :  G ra ce  A .
G o ld sm ith  ( 1 9 6 8 ) ,  c h a ir m a n ;  R . W . E n g e l  
( 1 9 6 9 ) ,  L . C. N o r r is  ( 1 9 7 0 ) .

A u d it in g  C o m m it te e : G. V . V a h o u n y , c h a ir m a n ;
A. E . L ig h t.

F in a n c e  C o m m itte e :  W . A . K reh l ( 1 9 6 8 ) ,  c h a ir ­
m a n ;  H . W . H o w a r d , D . V . F r o st, C. H . 
K rieg er , J a m e s  W a d d e ll  (e x -o f f ic io ) .  

C o m m itte e  o n  P u b lic a tio n s  M a n a g e m e n t:  W . J.
D a r b y  ( 1 9 6 8 ) ,  c h a ir m a n ;  R . W . E n g e l
( 1 9 6 8 )  , J. F . M u e lle r  ( 1 9 6 8 ) ,  F . L . Ib er
( 1 9 6 9 )  , J a m e s  W a d d e ll  ( c o n t in u in g ) .

C o m m itte e  o n  N o m e n c la tu r e : S . R . A m e s , c h a ir ­
m a n ;  P . L. H a r r is , E . W . C r a m p to n , H . E . 
S ä u b e r lic h , Q. R . R o g ers .

P u b lic  I n fo r m a t io n  C o m m itte e :  M . S. R ea d
( 1 9 6 8 )  , c h a ir m a n ;  P . L. W h ite  ( 1 9 6 8 ) ,  J. T .
S im e  ( 1 9 6 8 ) ,  R . S . G o o d h a rt ( 1 9 6 8 ) ,  C . J. 
A c k e r m a n  ( 1 9 6 9 ) ,  R u th  L . P ik e  ( 1 9 6 9 ) ,
R . B . B ra d fie ld  ( 1 9 6 9 ) ,  F . L. Ib er  ( 1 9 6 9 ) .  
S u b -c o m m itte e  o n  S c ie n c e  F a ir s :  C. W . C ar l­
s o n , H e le n  M . D y e r , E . L . W is m a n .

C o m m itte e  o n  E x p e r im e n ta l  A n im a l  N z itr itio n :  
G. F . C o m b s ( 1 9 6 9 ) ,  c h a ir m a n ;  E . W . C ram p - 
to n  ( 1 9 6 8 ) ,  F . W . H i l l  ( 1 9 6 8 ) ,  R. W . L u e ck e
( 1 9 6 9 )  , W . H . P fä n d e r  ( 1 9 7 0 ) ,  J. K. L o o s li
( 1 9 7 0 )  , R . J. Y o u n g  ( 1 9 6 8 )  e x -o ff ic io , R . E . 
B ro w n  ( 1 9 6 8 )  ex -o ff ic io , G. M . B r ig g s  ( 1 9 6 8 )  
ex -o ffic io .

C o m m itte e  o n  P u b lic  A ffa ir s :  O. L . K lin e  ( 1 9 7 0 ) ,
c h a ir m a n ;  H . A . S c h n e id e r  ( 1 9 6 8 ) ,  L . V o r is  
( 1 9 6 9 ) .

P ro g ra m  C o m m itte e :  W . N . P e a r so n  ( 1 9 6 9 ) ,
c h a ir m a n ;  J . G. B ie r i, S. A . M ille r , J a m e s  
W a d d e ll .

S y m p o s ia  C o m m itte e :  A . E . H a rp er , c h a ir m a n ;
J. M a y er , A . L. B la c k , V . N .  P a tw a r d h a n ,
C. A . N ic h o l .

A d v iso ry  C o m m itte e  to  A IN  O ffice o f  N u tr i t io n  
S c ie n c e  S e rv ic es :  R . W . E n g e l,  c h a ir m a n ;
G. F . C o m b s, A . L . F o r b e s , W . A . G ortn er ,
D . B . H a n d , W . N . P e a r so n , M . S. R e a d , M . L. 
S co tt , L . J. T ep ly .

A d  hoc C o m m itte e  o n  B io c h e m ic a l N u tr i t io n :
S. A. M ille r, c h a i r m a n ;  M. D. L a n e , R. L . 
L y m a n , O. N . M ille r, H . N . M u n ro , W . N . 
P e a r s o n  (ex -o ffic io ).

A d  h o c  C o m m itte e  o n  C areer B ro c h u re s:  P , L.
W h ite , c h a i rm a n ;  D o ris  H . C a llo w ay , C. J . 
A c k e rm a n , O la f  M ic k e lse n , A. F . F o rb es.

A d  hoc C o m m itte e  o n  C o n s ti tu t io n a l C h a n g es:  
J . C. F r i tz ,  c h a i rm a n ;  R. S. G o o d h a rt, W . H . 
G riffith , L. M. H e n d e rs o n , J . F . M u e lle r , I. C. 
P lo u g h .

A d  hoc C o m m itte e  o n  G ra d u a te  N u tr i t io n  T r a in ­
in g :  A . E . H a rp e r ,  c h a i r m a n ;  W . D. B ro w n ,
D e n a  C. C e d e rq u is t, H a n s  F ish e r ,  L. M. 
H e n d e rso n .

A d  hoc C o m m itte e  o n  U n d e rg ra d u a te  N u tr i t io n  
T r a in in g :  O la f  M ic k e lse n , c h a i r m a n ;  H e le n
A. H u n s c h e r ,  A. R . K e m m e re r , M e lv in  L ee , 
M a ry  A. W illia m s .

A d  hoc C o m m itte e  A IN  N o m in a t in g  C o m m itte e  
fo r  1968  H o b litze lle  A w a rd :  O. G. B e n tle y ,
c h a i rm a n ;  R . W . E n g e l, R. G. H a n s e n ,  H . 6 .  
K u n k e l.

A d  h o c  C o m m itte e  A IN  N a tio n a l  M e d a l o f  S c ie n c e  
C o m m itte e :  W . N . P e a r s o n ,  c h a i rm a n ;
R. W . E n g e l, R . E . S h a n k .

A d  h o c  P la n n in g  C o m m itte e  fo r  S e c o n d  W e s te r n  
H e m isp h e re  N u tr i t io n  C on g ress:  W . N .
P e a rso n , c h a i rm a n ;  C o n ra d o  A se n jo , J . E . 
D u tr a  de  O liv e ira , A. B. E is e n s te in ,  L . E . 
L loyd , P . L. W h ite .

U. S . N a t io n a l  C o m m itte e , I U N S : O. L . K lin e ,
c h a i r m a n  ( 1 9 6 9 ) ;  W . M. B eeso n  ( 1 9 6 8 ) ,  
A. L. F o rb e s  (1 9 6 8 ) ,  R. W . E n g e l ( 1 9 6 8 ) ,
G. F . C om bs ( 1 9 6 9 ) ,  C h a r lo tte  M. Y o u n g
( 1 9 6 9 )  , W . A. K re h l ( 1 9 7 0 ) ,  A. E . S c h a e fe r
( 1 9 7 0 )  , G. F . S te w a rt ( 1 9 7 0 ) .  Ex-officio
( v o t in g ) :  G. M. B rig g s , G race  A. G o ld sm ith . 
E x-officio  ( n o n -v o t in g ) :  C. G. K in g , A. G.
N o rm a n , R. K. C a n n a n ,  H . B ro w n , E . C. 
R o w a n .

E d ito r ia l B oard

T h e  J o u rn a l o f  N u tr i t io n

R. H . B a rn e s , E d ito r  ( 1 9 6 9 ) ;  H a ro ld  H . W ill ia m s , 
A sso c ia te  E d ito r ;  E . N e ig e  T o d h u n te r ,  B io­
g ra p h ic a l  E d ito r ;  R o sly n  B. A lfin -S la te r
( 1 9 7 0 )  , G. H . B e a to n  (1 9 7 0 ) ,  J . M . B ell
( 1 9 7 1 )  , D o ris  H o w es C a llo w a y  (1 9 7 2 ) ,  R. S. 
E m e ry  (1 9 7 1 ) ,  S a m u e l J . F o m o n  (1 9 6 9 ) ,
L. M. H e n d e rs o n  ( 1 9 6 8 ) ,  F . W . H il l  ( 1 9 6 8 ) ,
M. K. H o rw itt  ( 1 9 7 1 ) ,  B. C o n n o r  J o h n s o n  
(1 9 7 0 ) ,  K e n d a ll W . K in g  (1 9 7 1 ) ,  F . H . 
K ra tz e r  ( 1 9 7 0 ) ,  G e n n a rd  M a tro n e  (1 9 6 8 ) ,
H . N . M u n ro  (1 9 7 1 ) ,  P a u l  M. N e w b e rn e  
(1 9 6 9 ) ,  B oyd L. O’D ell ( 1 9 6 9 ) ,  W ill ia m  N . 
P e a r s o n  (1 9 7 0 ) ,  H e rb e r t  P . S a re tt  ( 1 9 7 2 ) ,  
H . E . S ä u b e r lic h  (1 9 6 9 ) ,  C la ra  A. S to rv ick  
( 1 9 6 8 ) .

R E P R E S E N T A T IV E S

N a tio n a l R e se a rc h  C o u n c il B oards a n d  D iv is io n s :  
G. F . C o m b s ( 1 9 6 8 ) .

A m e r ic a n  A sso c ia tio n  f o r  th e  A d v a n c e m e n t  o f  
S c ie n c e :  H . W . H o w a rd  (1 9 6 9 ) ,  H . C. T id ­
w e ll ( 1 9 6 9 ) .
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N a tio n a l S o c ie ty  fo r  M e d ic a l R e se a rc h :  P . H .
D erse .

F ood a n d  A g r ic u ltu re  O rg a n iza tio n :  H . E . S ä u b ­
e r lic h  ( 1 9 6 8 ) .

F ed e ra tio n  P u b lic  I n fo r m a tio n  C o m m itte e :  M . S.
R e a d  (1 9 6 8 ) .

F e d e ra tio n  P ro ceed in g s  E d ito r ia l B oard :  P . L.
H a r r is  ( 1 9 6 8 ) .

F ed e ra tio n  P u b lic  A ffa ir s  O ffice: O. L. K lin e
( 1 9 7 0 ) .

A M E R IC A N  SO C IETY  FO R  
C L IN IC A L  N U T R IT IO N

(A D ivision of the  A m erican In stitu te  of N u tritio n ) 
P re s id e n t,  R . E . S h a n k ;  P re s id e n t-E le c t,  J .  F . 

M u e lle r ;  P a s t  P re s id e n t,  R. E . H o d g e s ; Sec-

re ta ry -T re a s u re r ,  A. B. E is e n s te in ,  818  S o u th  
M e ram e c  A v e n u e , C lay to n , M isso u r i 6 3 1 0 5 ; 
C o u n c ilo rs  : W . S. H a r tro f t  ( 1 9 6 8 ) ,  J . J . W ill 
( 1 9 6 9 ) ,  O. N . M iU er (1 9 7 0 ) ,  M . E . R u b in i  
(ex -o ffic io ).

E d ito r ia l B oard

A m e r ic a n  J o u rn a l o f  C lin ic a l N u tr i t io n

M. E . R u b in i,  E d ito r- in -C h ie f; R. E . H o d g e s , A sso­
c ia te  E d ito r ;  M a rg a re t  J . A lb r in k , E rn e s t  
B e u tle r , G. J. G a b u z d a , F ra n c is c o  G ra n d e , 
S. A. H a sh im , V ic to r  H e rb e r t ,  R o b e rt J a c k so n , 
C. M. L eevy , M. E . S h ils , D . M. W a tk in ,  
G eorge  M. O w en , H. E . S ä u b e r lic h .



In v ita tio n  for N o m in a tio n s  for 1968
A m e r ic a n  In stitu te  o f N utrition  A w a rd s

Nominations are requested for the 1968 
annual awards administered by the Ameri­
can Institute of Nutrition to be presented 
at the next annual meeting. Nominations 
may be made by anyone, including mem­
bers of the Nominating Committees and 
non-members of the Institute.

The following information must be sub­
mitted: (1) Name of the award for which 
the candidate is proposed. (2) A brief con­
vincing statement setting forth the basis 
for the nomination and, where appropriate, 
a selected bibliography which supports the 
nomination. Seconding or supporting let­
ters are not to be submitted. (3) Five 
copies of the nominating letter must be 
sent to the chairman of the appropriate 
nominating committee before October 1, 
1967, to be considered for the 1968 awards.

General regulations for A.I.N. awards. 
Membership in the American Institute of 
Nutrition is not a requirement for eligibility 
for an award and there is no limitation as 
to age except as specified for the Mead 
Johnson Award. An individual who has 
received one Institute award is ineligible to 
receive another Institute award unless it is 
for outstanding research subsequent to or 
not covered by the first award. A Jury of 
Award composed of A.I.N. members, which 
makes final selection and remains anony­
mous, may recommend that an award be 
omitted in any given year if in its opinion 
the work of the candidates nominated does 
not warrant the award. An award is usu­
ally given to one person, but, if circum­
stances and justice so dictate, a Jury of 
Award may recommend that any particu­
lar award be divided between two or more 
collaborators in a given research.

Presentation of awards will be made 
during the banquet at the annual meeting.

1968 Borden Award in Nutrition
The Borden Award in Nutrition, con­

sisting of $1000 and a gold medal, is made 
available by the Borden Company Founda­
tion, Inc. The award is given in recogni­

tion of distinctive research by investigators 
in the United States and Canada which 
has emphasized the nutritive significance 
of milk or its components. The award will 
be made primarily for the publication of 
specific papers during the previous cal­
endar year, but the Jury of Award may 
recommend that it be given for important 
contributions made over a more extended 
period of time not necessarily including 
the previous calendar year. Employees of 
the Borden Company are not eligible for 
this award nor are individuals who have 
received a Borden Award from another 
administering association unless the new 
award be for outstanding research on a 
different subject or for specific accom­
plishment subsequent to the first award.

Former recipients of this award are:
1944 -  E. V. McCollum
1945 -  H. H. M itchell
1946 -  P. C. Jean s and

Genevieve S tearns
1947 -  L. A. M aynard
1948 -  C. A. Cary
1949 -  H. J. Deuel, Jr.
1950 -  H. C. Sherm an
1951 -  P. György
1952 -  M. Kleiber
1953 -  H. H. W illiam s
1954 -  A. F. M organ and

A. H. Sm ith

1955 -  A. G. Hogan
1956 -  F. M. Strong
1957 -  no aw ard
1958 -  L. D. W right
1959 -  H. Steenbock
1960 -  R. G. H ansen
1961 -  K. Schw arz
1962 - H .  A. B arker
1963 -  A rth u r L. Black 
1964- G .  K. Davis
1965 -  A. E. H arper
1966 — R. T. H olm an
1967 — R. H. B arnes

N om inating  Co m m ittee:
P. H. W esw ig , C h a irm a n  
K. E . H arshbarger 
R. T . H olman

Send nominations to:
D r . P. H . W eswig
D e p a r tm e n t  o f  A g r ic u ltu ra l  C h e m is try  
O regon  S ta te  U n iv e r s ity  
C o rva llis , O regon  97331

1968 Osborne and Mendel Award
The Osborne and Mendel Award of 

$1000 and an inscribed scroll has been 
established by the Nutrition Foundation, 
Inc., for the recognition of outstanding re­
cent basic research accomplishments in 
the general field of exploratory research 
in the science of nutrition. It shall be 
given to the investigator who, in the 
opinion of a Jury of Award, has made the

521
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most significant published contribution in 
approximately the calendar year preceding 
the annual meeting of the Institute, or 
who has published recently a series of 
papers of outstanding significance. Nor­
mally preference will be given to research 
workers in the United States and Canada, 
but investigators in other countries, espe­
cially those sojourning in the United States 
or Canada for a period of time, are not ex­
cluded from consideration.

Former recipients of this award are:
1949 -  W. C. Rose
1950 -  C. A. E lvehjem
1951 -  E. E. Snell
1952 — Icie Macy Hoobler
1953 — V. du V igneaud
1954 — L. A. M aynard  
1955- E .  V. McCollum 
1956 -  A. G. Hogan 
1957- G .  R. CowgiU 
1958 -  P. Gyorgy

1959 -  Grace A. Goldsm ith
1960 -  N. S. Scrim shaw
1961 -  M ax K. H orw itt
1962 — W illiam  J. Darby
1963 — Jam es B. Allison
1964 — L. E m m ett Holt, Jr.
1965 -  D. M. Hegsted
1966 -  H. H. M itchell
1967 -  Sam uel Lepkovsky

N ominating  Com m ittee:
Alex Black, C h a ir m a n
L. E. H olt, Jr .
M. K. H orwitt

Send nominations to:
Dr. Alex Black 
P e n n s y lv a n ia  S ta t e  U n iv e r s i ty  
A g r ic u l tu r a l  E x p e r im e n t  S ta t io n  
U n iv e r s i t y  P a r k ,  P e n n s y lv a n ia  1 6 8 0 2

1968 Mead Johnson Award for 
Research in Nutrition

The Mead Johnson Award of $1000 and 
an inscribed scroll is made available by 
Mead Johnson and Company to an investi­
gator who has not reached his 46th birth­
day during the calendar year in which the 
Award is given. Selection by the Jury of 
Award will be based primarily on a single 
outstanding piece of research in nutrition 
published in the year preceding the annual 
meeting or on a series of papers on the 
same subject published within not more 
than the three years preceding the annual 
meeting.

Former recipients
1939 -  C. A. E lvehjem
1940 -  W. H. Sebrell, Jr.

J. C. Keresztesy
J. R. Stevens 
S. A, H arris 
E. T. Stiller
K. Folkers

1941 -  R. J. W illiam s
1942 -  G. R. Cow gill
1943 -  V. du V igneaud
1944 -  A. G. Hogan
1945 -  D. W. Woolley
1946 -  E. E. Snell

of this award are:
1947 -  W. J. D arby

P. L. Day
E. L. R. S tokstad

1948 -  F. L ipm ann
1949 -  M ary S. Shorb

K. Folkers
1950 -  W. B. Castle
1951 -  no aw ard
1952 -  H. E. Sauberlich
1964 -  J. S. D inning
1965 -  J. G. Bieri
1966 -  M. D aniel L ane
1967 -  W. N. Pearson

N om inating  Co m m ittee:
A. R. Kem m erer , C h a ir m a n  
L. M. H enderson 
H. E. Säuberlich

Send nominations to:
D r . A. R. Kemmerer 
U n iv e r s i ty  o f  A r iz o n a  
A g r ic u l tu r a l  S c ie n c e s  B u ild in g  
T u c s o n ,  A r iz o n a  8 5 7 2 1

1968 Conrad A. Elvehjem Award for 
Public Service in Nutrition

The Conrad A. Elvehjem Award for 
Public Service in Nutrition, consisting of 
$1000 and an inscribed scroll, is made 
available by the Wisconsin Alumni Re­
search Foundation. The award is bestowed 
in recognition of distinguished service to 
the public through the science of nutrition. 
Such service, primarily, would be through 
distinctive activities in the public interest 
in governmental, industrial, private, or in­
ternational institutions but would not ex­
clude, necessarily, contributions of an in­
vestigative character.

Former recipients of this award are:
1966- C .  G len King
1967 — J. B. Y oum ans

N om inating  Co m m ittee:
F. W . Quackenbush , C h a ir m a n  
R . E . Shank 
Olaf Mickelsen

Send nominations to:
D r . Forrest W . Quackenbush  
D e p a r tm e n t  o f  B io c h e m is tr y  
P u r d u e  U n iv e r s i ty  
L a f a y e t te ,  I n d ia n a  4 7 9 0 7



In v ita tion  for N o m in a tio n s  for 1968
A m e r ic a n  Institu te  of N utrition  F e llo w s

The Fellows Committee of the American Institute of Nutrition in­
vites nominations for Fellows in the Society. Eligible candidates are 
active or retired members of the Society who have passed their sixty- 
fifth birthday (by the time of the annual meeting) and who have had 
distinguished careers ;n nutrition. Up to three Fellows may be chosen 
each year.

Nominations may be made to the Chairman of the Fellows Com­
mittee by any member of the Society, including members of the Com­
mittee.

Nominations (in 5 copies) are due by October 1. A supporting 
statement giving the reason for the nomination is desirable.

Final selection will be made by the Fellows Committee and a suit­
able citation will be presented at the Annual Dinner in April.

Fellows Committee:
V/. H. G r i f f i t h , Chairman 
A g n e s  F .  M o r g a n  

R i c h a r d  M .  F o r b e s  

T. H. J u k e s  

L. A . M a y n a r d

Send nominations to:
D r . W .  H .  G r i f f i t h  
Federation of American Societies for 

Experimental Biology 
9650 Rockville Pike 
Bethesda, Maryland 20014

The following persons have been elected previously as Fellows 
of the Society:

G e o r g ia n  A d a m s  ( 1 9 6 7 )
J. B. B ro w n  ( 1 9 6 4 )
T h o r n e  M . C a r p e n te r  ( 1 9 5 8 )  
G eo rg e  R . C o w g ill ( 1 9 5 8 )  
E a r le  W . C r a m p to n  ( 1 9 6 7 )  
H e n r ik  D a m  ( 1 9 6 4  )
E u g e n e  F . D u E o is  ( 1 9 5 8 )
R . A d a m s  D u tc h e r  ( 1 9 6 1 )  
E r n e s t  B . F o rb es  ( 1 9 5 8 )  
C a s im ir  F u n k  ( 1 9 5 8 )  
W e n d e ll  H . G riffith  ( 1 9 6 3 )  
P a u l G yorgy  ( 1 9 6 5 )
A lb ert G. H o g a n  ( 1 9 5 9 )
L. E m m e tt  H o lt , Jr. ( 1 9 6 7 )  
I c ie  M a cy  H o o o le r  ( 1 9 6 0 )  
P a u l E . H o w e  ( 1 9 6 0 )
J. S. H u g h e s  ( 1 9 6 2 )
C. G len  K in g  ( 1 9 6 3 )
M a x  K le ib er  ( 1 9 6 6 )

S a m u e l L e p k o v sk y  ( 1 9 6 6 )  
L eo n a rd  A . M a y n a rd  ( 1 9 6 0 )  
E lm e r  V . M cC o llu m  ( 1 9 5 8 )  
H a r o ld  H . M itc h e ll  ( 1 9 5 8 )  
A g n e s  F a y  M o rg a n  ( 1 9 5 9 )  
J o h n  R . M u r lin  ( 1 9 5 8 )
L eo  C. N o r r is  ( 1 9 6 3 )
H e le n  T . P a r s o n s  ( 1 9 6 1 )  
L y d ia  J. R o b er ts  ( 1 9 6 2 )  
W ill ia m  C. R o se  ( 1 9 5 9 )
W . D . S a lm o n  ( 1 9 6 2 )  
A rth u r  H . S m ith  ( 1 9 6 1 )  
G e n e v ie v e  S t e a m s  ( 1 9 6 5 )  
H a rry  S te e n b o c k  ( 1 9 5 8 )  
H a z e l K. S t ie b e l in g  ( 1 9 6 4 )  
R a y m o n d  W . S w if t  ( 1 9 6 5 )  
R o b ert R . W ill ia m s  ( 1 9 5 8 )  
J o h n  B . Y o u m a n s  ( 1 9 6 6 )



In v ita tio n  for
N o m in a tio n s  for H on orary  M em b ersh ip  in  th e

A m e r ica n  In stitu te  of N utrition

The Committee on Honorary Memberships of the American 
Institute of Nutrition invites nominations for Honorary Members.

Distinguished individuals of any country who are not members 
of the American Institute of Nutrition and who have contributed to 
the advance of the science of nutrition shall be eligible for proposal 
as Honorary Members of the Society.

Nominations may be made to the Chairman of the Committee on 
Honorary Memberships by two members of the Society.

Nominations (in three copies) are due by October 1. A supporting 
statement giving the reason for the nomination is desirable but not 
necessary.

Final selection of nominees will be made by the Council of the 
American Institute of Nutrition and such nominations submitted 
to the Society at the spring meeting. Election requires a two-thirds 
majority of the ballots cast.

Honorary members pay no membership fees but are eligible to 
subscribe to the official joumal(s) at member’s rates.

Committee on Honorary Memberships:
G r a c e  G o l d s m i t h , Chairman 
R .  W. E n g e l  

L. C. N o r r i s

Send nominations to:
D r . G r a c e  G o l d s m i t h

Tulane University School of Medicine
New Orleans, Louisiana 70112

The following persons have been elected previously as Honorary 
Members of the Society:

K u n ita ro  A rim o to  
W . R. A ykroyd  
F ra n k  B. B e rry  
E d w a rd  J e a n  B igw ood 
F ra n k  G. B o u d re a u  
R o b e rt C. B u rg e ss  
D a m e  H a r r ie t te  C h ick  
F . W . A. C le m e n ts  
S ir D a v id  P. C u th b e r tso n  
H e rb e r t  M. E v a n s  
Jo a c h im  K tih n a u  
Jo s e p h  M asek

T o sh io  O iso 
H . A. P . C. O om en  
L o rd  J o h n  B oyd O rr 
C o n ra d o  R . P a s c u a l  
V. N . P a tw a rd h a n  
S ir R u d o lp h  A. P e te rs  
B. S. P la t t  
E m ile  F . T e rro in e  
J e a n  T re m o lie re s  
E ric  J o h n  U n d e rw o o d  
A r t tu r i  I . V ir ta n e n



Invitation for Nominations for the 1968 
Hoblitzelle National Award in the 

A g r ic u l tu r a l  S c ie n c e s

The Hoblitzelle Award Committee of the 
American Institute of Nutrition invites 
nominations for the 1968 Hoblitzelle Na­
tional Award in the Agricultural Sciences.

The Hoblitzelle Award, consisting of 
$10,000, a gold medal and an attesting 
certificate, is presented in recognition of 
the outstanding contribution in the agri­
cultural sciences which has been published 
during the preceding four-year period. The 
donor of the Award is the Hoblitzelle Foun­
dation of Dallas, Texas. The Award is ad­
ministered by the Texas Research Founda­
tion, Renner, Texas.

All American scientists working in the 
United States and its territories, irrespec­
tive of creed, color, nationality, sex, age, 
branch of science, or affiliation with scien­
tific or scholastic organizations, are eligible. 
Either an individual or team of scientists 
may be nominated for the Award, but a 
team must include only those scientists 
who have contributed the basic ideas. 
Preferably no more than two scientists 
should be nominated as a team.

This Award covers research in agronomy, 
animal science, bacteriology, biochemistry, 
botany, entomology, genetics, horticulture, 
nutrition, soil science, veterinary science, 
zoology, and such other sciences as may be 
deemed to serve agriculture in their broad­
est aspects.

The various professional societies re­
lated to the agricultural sciences, the

Agricultural Research Service and the 
Agricultural Experiment Stations have 
been requested to receive and screen nom­
inations for the Award. Each may forward 
three nominations to the Texas Research 
Foundation from which the Final Awards 
Committee will select three candidates. 
The Hoblitzelle Foundation will select the 
recipient, or recipients, from these candi­
dates.

The nomination for the Award must be 
accompanied by a complete set of publica­
tions by the scientist covering his scientific 
accomplishment, and a comprehensive 
evaluation of the potential significance of 
the work. The dates of publications for 
the 1968 Award must fall within the period 
January 1, 1963 through December 31, 
1966. Final date for submission of nom­
inations is November 15, 1967.

AIN Hoblitzelle Award Committee:
Or v il l e  G. B e n t l e y , C hairm an  
R. W . E n g e l  
R. G. H a n s e n  
H . O. K u n k e l

Send nominations to:
D r . Or v il l e  G. B e n t l e y

D ean o f A gricu lture  
U niversity  o f Illinois  
Urbana, Illinois 61803
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A
A bsorption, p e rcu tan eo u s, of v ita m in  B 12 in  r a t  

an d  g u in ea  pig , 261.
A c k e r m a n , C. J. See R u ark , E dw in  W ., 165.
A couchi, b iosyn thesis o f ascorbic acid , 331.
A cyrthosiphon  pisurn  (H a r r is ) ,  pea  aph id , m in ­

e ra l n u tr it io n  of, 43.
Adipose tissue , o f fa s ted  an d  fed  m eal-ea ting  ra ts , 

lipogenesis con tro l, 460.
A drenalectom y, effect on  m eth io n in e  adenosyl- 

tran sfe ra se  levels in  r a t  liver, 274.
A drenals, w e ig h t of cockerels, in fluence  of v ita ­

m in  A deficiency, 384.
A dults, h u m a n , n itro g en o u s fac to rs  affecting ade­

quacy  of rice  to m ee t p ro te in  req u irem en ts , 
429.

Age, re la tio n sh ip  of calc iu m  a n d  p h o sphorus n u ­
tr itio n  d u rin g  a d u lt life  a n d  osteoporosis in  
aged m ice, 30.

Agouti, b iosynthesis o f ascorbic acid , 331.
Ah l u w a l ia , B., G. P in c u s  a n d  R. T. H o l m a n . 

E ssen tia l fa tty  acid  deficiency an d  its  effects 
upo n  reproductive  o rgans of m ale  rab b its , 205.

A lbum in  c o n ten t o f r a t  h ep atic  cells a t  d ifferen t 
levels of p ro te in  in tak e , 497.

Alcohol dehydrogenase  activ ity , q u a n tita tiv e  m eas­
u rem en t w ith in  liv e r lobule of ra ts  a f te r  p ro ­
longed e th an o l ingestion , 286.

A lgae p ro te in , su p p lem en tary  v a lu e  in  h u m an  
diets, 281.

Al i , R. See E v ans, J. L., 417.
A lkaline  p h o sp h a tase , p lasm a , activ ity , an d  d ie­

ta ry  pen toses, in  ch icks, 491.
Al l a w a y , W . H. See E hlig , C. F., 121.
A m erican  In s ti tu te  of N u tritio n , in v ita tio n  fo r 

n o m in a tio n s fo r 1968 aw ards, 143, 412, 521.
A m erican  In s ti tu te  o f N u tritio n , P roceedings of 

the  31st A n n u a l M eeting, 507.
Am ino a c id ( s ) ,  first-lim iting , and  m in im u m  corn 

p ro te in  req u irem en t fo r a d u lt m en , effect of 
nonspecific  n itro g en  su p p lem en ta tio n , 377.

------- im b a lan ce  an d  liver glycogen ch an g es in
ra ts  fed  glycine, 133.

------- , lim itin g , assim ila tio n  in to  p ro te in  fro m  im ­
ba lan ced  d ie ta ry  sources, 455.

------- su p p lem en ta tio n , effect on p lasm a  free  am i­
no acid  co n cen tra tio n s in  grow ing lam b s, 339.

A m s d e n , R. T. See Y acow itz, H ., 389.
A nalysis, th e rm a l n e u tro n , o f v a n ad iu m  in  fru its , 

vegetables, an im a l foods a n d  d rin k in g  w a ter 
from  various geographical a reas, 183.

A nem ia, hem oly tic , developm ent in  ra ts  fed  m e­
th io n in e , 104.

A ortic ex tensib ility , ch an g es in  su lfa te-deprived  
ra ts , 399.

A phids, pea, A cyrthosiphon  p isurn  (H a r r is ) ,  m in ­
e ra l n u tr itio n  of, 43.

Ap p l e d o r f , H o w a r d , a n d  St e v e n  R. T a n n e n - 
b a u m . Specific h u n g e r  fo r th iam in e  in  th e  ra t:  
selection  of low  co n cen tra tio n s of th ia m in e  in  
so lu tion , 267.

L -A rab inose  a n d  D-xylose m e ta b o lism  b y  c h ic k s , 
491.

A rg in ine  deficiency in  two s tra in s  of ch ickens 
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