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ABSTRACT  Liver cell nuclei were isolated from  3 groups of rats, 1 ) anim als that 
had been fed  a protein-free diet, 2 )  anim als in  the post-absorptive state after receiving  
a diet o f adequate protein content, and 3 )  anim als actively absorbing am ino acids 
from a recent m eal o f protein. The nuclei were fractionated by successive extraction  
w ith  a phosphate buffer and M NaCl, leaving a “nucleolar” residue. Determ inations 
of RNA in  w hole liver nuclei and their subfractions showed significant effects o f pro
tein intake. In the protein-depleted group, there w as a reduction in  the am ount of 
RNA extractable w ith phosphate buffer and w ith  M NaCl, and an increase in  the RNA 
content o f the nucleolar residue (group 1 vs. group 2 ) .  Two hours after feeding pro
tein to fasting rats (group 3 vs. group 2 ) ,  the total RNA content of the nucleus in 
creased significantly. This was associated w ith a large increm ent in  the am ount of 
RNA in  the nucleolar residue. However, the feed ing of protein reduced the relative  
uptake of adenine-C14 into nucleolar RNA, ind icating that the extra RNA in the 
nucleolar residue w as of low  m etabolic activity. Protein feeding also caused a 
marked increase in  adenine-C14 uptake by the RNA of the m  NaCl extract. Attempts 
to identify  dietary effects on the am ounts of different m olecular species o f nuclear 
RNA by sedim entation analysis led to equivocal results.

W hen ra ts are fed a protein-free diet, 
the am ount of RNA in the liver diminishes 
rapidly (1 , 2 ) . Munro and Clark (3 )  con
cluded that the RNA lost from  the liver as 
a result of protein deficiency comes 
m ainly from the endoplasmic reticulum  of 
the cell cytoplasm. There is, however, his
tological evidence that protein depletion 
also affects the nucleus of the liver cell, 
particularly the nucleolus. Early studies 
of nucleolar size in  liver cells produced 
conflicting evidence of the effects of pro
tein deficiency (4 , 5 ). However, Stenram  
has extensively re-investigated the effect 
of dietary protein intake on liver cell n u 
clei of ra ts (6 -8 )  and mice (9 )  and has 
dem onstrated considerable enlargem ent of 
the nucleolus after a protein-free diet has 
been fed for a few days. By m easuring the 
dry m atter of the nucleolus interferom etri- 
cally before and after ribonuclease treat
m ent, he was able to show tha t the total 
am ount of RNA in the nucleolus increases 
during protein depletion (10, 11). It thus 
appears th a t a short period of protein de
ficiency causes changes in  nucleolar RNA 
content that are opposite in  direction to 
the changes taking place in  the RNA con
tent of the cytoplasm. It seemed desirable 
to apply other techniques to confirm and

extend these histological findings on liver 
nuclei. We have accordingly isolated n u 
clei from the livers of ra ts receiving die
tary protein at different levels and have 
m easured the am ounts of RNA in the nu 
clei and their subfractions. In addition, 
anim als were injected with adenine-C14 
and the effect of diet on the metabolic ac
tivity of nuclear RNA was examined. 
These studies show tha t the protein con
tent of the diet affects the am ount and 
metabolic activity of RNA in the liver cell 
nucleus.

EXPERIMENTAL

Anim als and diets. Male albino ra ts of 
about 180 g were caged separately and fed 
isocaloric quantities of protein-free or pro
tein-containing diets described previously
(1 2 ). The total daily food intake per ra t 
provided 8 g carbohydrate and 0.5 g fa t 
for the protein-free diet and 5.6 g carbo
hydrate, 2.4 g protein (casein ) and 0.5 g 
fa t for the protein-containing diet. Both 
diets contained adequate quantities of 
vitam ins and m inerals. The diets were fed 
twice daily in  fixed amounts. The morn-
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ing m eal contained carbohydrate, fat, vita
mins and m inerals and the evening meal 
carbohydrate, fa t and all the protein of 
the diet; for anim als fed the protein-free 
regimen, carbohydrate was substituted iso- 
calorically for the protein of this meal. 
The rats soon learned to consume each 
m eal promptly and completely. After the 
anim als had been fed these diets for 5 
days, they were killed under ether anes
thesia in the m orning in  the fasting state, 
18 hours after consum ing the last m eal on 
the previous evening, except for some ani
m als that were given 2 g casein shortly be
fore death. In this way, 3 dietary groups 
were obtained : 1 ) rats in a depleted condi
tion as a result of eating a protein-free 
diet, 2 ) ra ts in the post-absorptive state 
after a diet of adequate protein content, 
and 3) rats actively absorbing amino acids 
after a recent m eal of protein. For dietary 
experiments not involving the use of radio
active isotopes, the rats in  this third cate
gory were killed 2 hours after receiving 
casein. For experiments in  which the 
effect of diet on the uptake of labeled pre
cursors by RNA was examined, adenine-8- 
C14 2 (5  u c /ra t)  was injected intraperiton- 
eally 1 hour after feeding casein and the 
rats were killed at various times thereafter. 
At all these time-intervals, the stomachs 
of the casein-fed anim als contained food, 
indicating tha t continuous absorption of 
amino acids was proceeding throughout 
the period of isotopic labeling of liver RNA.

Isolation of liver-cell nuclei. After ex
ploring a num ber of published methods 
for isolation of nuclei, a new procedure 
was devised. This was based on the prin
ciple used by Wilczok and Chorazy (13 ) 
of separating crude nuclei by centrifuga
tion in  a conventional homogenization 
medium  and then purifying them  by sedi
m entation through dense (2.2 m )  sucrose. 
We have found that their experim ental 
conditions gave a poor yield of liver n u 
clei, and the following modification was 
adopted. Rats were anesthetized with 
ether, their livers were perfused with a 
solution containing 0.25 m  sucrose, 0.002 M  
CaCT and 0.001 m  MgCL, and were then 
disintegrated in  a Potter-Elvehjem homog- 
enizer with 10 volumes of the solution 
used for perfusion. This homogenization 
m edium  is similar to that originally used

for isolation of nuclei by Allfrey et al. (14) 
with the addition of Mg++ to minimize 
clumping of nuclei (1 5 ). The homogenate 
was first spun at 100 X g for 5 m inutes to 
remove unbroken cells. The supernatant 
fraction was layered onto a solution con
taining 0.34 m  sucrose, 0.002 M  CaCl2 and 
0.001 m  MgCh, and then spun at 600 X g 
for 10 m inutes. The crude nuclear pellet 
obtained from  this spin was resuspended 
in a small volume of the 0.25 m  sucrose 
m edium  and 19 volumes of a solution con
taining 2.31 m  sucrose, 0.002 m  CaCl2 and 
0.001 m  MgCk were added to give a final 
sucrose concentration of 2.20 m  (density 
1.273). On centrifugation at 30,000 X g 
for 1 hour, a precipitate of pure nuclei was 
obtained in good yield. After rinsing gently 
with ice-cold water, the nuclei were re
suspended in  0.25 m  sucrose containing 
0.002 m  CaCh and 0.001 m  MgCk.

Fractionation of nuclei. The nuclei 
were fractionated according to the scheme 
used by Allfrey et al. (16 ) for calf thymus 
nuclei, in  which the nuclei are succes
sively treated with phosphate buffer and 
m  NaCl, leaving a nucleolar residue. Pur
ified nuclei, prepared as described above, 
were first sedimented from the suspension 
by spinning at 1000 X g for 10 m inutes. 
They were then extracted by stirring for 
5 m inutes with 1 m l ice-cold 0.1 m  phos
phate buffer (KH2P 0 4/K 2H P 04 at pH 7.1) 
and recovered as a pellet by spinning at 
1000 X g for 15 m inutes. The extraction 
procedure was repeated twice, using 1 ml 
and 0.5 ml phosphate buffer, respectively. 
The 3 supernatant fractions were com
bined to give the “phosphate extract.” The 
residue was then stirred for 10 m inutes 
with 1 m l ice-cold m  NaCl and spun at 
2000 X g for 20 m inutes. This extraction 
was repeated using 1 m l and 0.5 ml m  
NaCl, and the supernatant fractions were 
combined ( “sodium chloride ex tract”). 
The precipitate spun down from  the final 
NaCl extraction is the “nucleolar residue.”

Estimations on nuclei and subfractions. 
These were based on the techniques de
scribed by Fleck and M unro (1 7 ). The 
nucleic acids and protein in the prepara
tions of whole nuclei and their subfrac
tions were precipitated by addition of
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HCIO4 to give a final concentration of 0 .2  
n . In  the case of nuclear specimens con
taining adenine-C14, non-radioactive ade
nine (3 m g /m l) was added to the HCICh. 
The precipitate was then washed twice 
centrifugally with cold 0.2 N  HCICh w ith
out added non-radioactive adenine and 
finally digested at 37° for 1 hour with 2 
m l of 0.3 n  KOH to release all the RNA 
in acid-soluble form  (1 7 ). Thereafter pro
tein and DNA were precipitated by adding 
1 m l of 1.2 n  HCIO4. The precipitate was 
spun down and washed twice centrifugally 
with 0.5 ml of 0.2 N HCICh. The super
n a tan t fractions from  each treatm ent with 
HCIO4 were combined for m easurem ent of 
RNA content by ultraviolet absorption at 
260 mu (1 7 ); exam ination of the RNA 
fractions obtained from whole nuclei and 
from  each subfraction gave ultraviolet 
spectra typical of uncontam inated RNA. 
The precipitate containing DNA was taken 
up in 0.1 n  KOH and its deoxyribose con
tent was m easured by the Ceriotti proce
dure (1 8 ). A few estim ates of the phos
pholipid content of nuclei were also m ade; 
after precipitation of the nuclei with 0 .2  n  
IICIO4, the precipitate was extracted with 
a series of organic solvents (1 7 ) and the 
phosphorus content of the combined sol
vents was estim ated (1 9 ) . Phospholipid 
content was obtained by m ultiplying phos
phorus by 23 (2 0 ).

M easurement of adenine-Cu uptake by 
RNA. The RNA fraction obtained on 
acidification of the digest, as described 
above, was m ade alkaline with KOH and 
the KCIO4 precipitate was spun off. Sam
ples of the supernatant fluid were then 
plated onto m etal planchets, using lens 
paper to give uniform  self-absorption (21). 
After drying, the samples were counted to 
1000 counts in  a Nuclear Chicago gas- 
flow counter.

Sedim entation analysis of nuclei and 
whole liver RNA. Purified RNA was pre
pared by a modification of the phenol pro
cedure (2 2 ) from  isolated nuclei and 
from  whole liver samples. The nuclei 
were isolated from  livers homogenized in  
sucrose m edium  to which was added a 
small am ount of bentonite to inhibit ribo
nucléase (2 3 ). The final purified nuclear 
pellet was taken up in  acetate buffer con
taining 0.05 m  NaCl, 0.01 m  sodium ace

tate, 0.001 m  MgCl2 and 0.5% naph tha
lene-1 : 5-disulphonate, with a small am ount 
of bentonite added, and brought to pH 
5.25 with acetic acid. In experim ents with 
whole cell RNA, homogenization was per
formed directly in  this buffer. Sodium 
lauryl sulphate was added to both prep
arations to give a final concentration of 
1 % . After shaking, an  equal volume of 
90% phenol containing 0.1% 8-hydroxy- 
quinoline was added and the m ixture 
shaken for 1 hour at 0°. Following centri
fugation at 30,000 X g for 30 m inutes to 
separate the phases and remove DNA and 
glycogen, the aqueous layer was recovered 
and bentonite was added. The phenol 
layer was washed with the acetate buffer 
(w ithout naphthalene disulphonate) and 
the 2 aqueous supernatants were com
bined and extracted repeatedly with ether 
to remove traces of phenol. After precipi
tation of the RNA with ethanol, it was re
dissolved in  acetate buffer at pH 6.8 and 
incubated for 20 m inutes at 37° w ith 40 
ag /m l deoxyribonuclease (DNase I) . 
Chloroform was added to precipitate the 
DNase, the aqueous layer was separated 
and the RNA precipitated with ethanol. 
The RNA, suspended in  acetate buffer, 
was finally dialyzed overnight against ace
tate buffer at pH 5.25 to remove ethanol 
and products of DNA digestion. The final 
product contained only traces of protein 
and DNA. The RNA sample was analyzed 
for its spectrum  of molecular sizes in  a 
Spinco Model E analytical ultracentrifuge, 
using both the Schlieren and ultraviolet 
optical systems. Sedimentation coeffi
cients (S values) were com puted (2 4 ) for 
the different peaks present and approxi
m ate estim ates of the relative am ounts in  
each peak were obtained by m easuring the 
areas under them.

RESULTS

Properties of liver-cell nuclei isolated by 
our procedure. The method of nuclear 
isolation described above yielded about 
50% of the total population of nuclei in  
the liver, as judged by recovery of DNA 
from liver samples of known DNA con
tent. Exam ination by light microscopy and 
by electron microscopy showed no evidence 
of significant contam ination with whole 
cells or cytoplasmic components. Chem
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ical analysis for RNA and phospholipid 
content also suggested tha t the nuclei 
were free from contam inants. Whole ra t 
liver cells have an RNA-to-DNA ratio of
3.1 and a phospholipid-to-DNA ratio of 9.8 
( 25 ), whereas the best preparations of ra t 
liver nuclei recorded in  the literature have 
RNA-to-DNA ratios of 0.2 to 0.3 and phos
pholipid-to-DN A ratios of 0.1 to 0.3 (2 6 ). 
Consequently, m easurem ent of these ratios 
provides a sensitive m eans of detecting 
contam ination of nuclear preparations 
with cytoplasmic components and whole 
cells. Our nuclei had an  RNA-to-DNA ratio 
of 0.25 (m ean of 22 preparations); we al
so prepared ra t liver nuclei by several re
liable published procedures (13, 27, 28) 
and obtained RNA-to-DNA ratios around 
0.25. The phospholipid-to-DNA ratio of 
our nuclear preparations was 0.25. Gurr 
and co-workers (29 ) report a ratio of 0.33 
(ratio  of lipid phosphorus to DNA phos
phorus of 0.13) for liver nuclei with 
double m em branes and one-half this figure 
for nuclei that had lost their outer m em 
brane during preparation. The presence 
of double nuclear m em branes in  our prep
aration was confirmed by high resolution 
electron microscopy.3

Properties of nuclear subfractions. The 
nuclei were fractionated by the scheme 
devised by Allfrey et al. (1 6 ) for thymus 
nuclei. The first step in this procedure is 
extraction of the nuclei with phosphate 
buffer ( “phosphate extract”), followed by 
extraction with m  NaCl ( “sodium chloride 
extract”), leaving an unextracted fraction 
( “nucleolar residue”). Extraction with m  
NaCl removes the DNA from  thym us cell 
nuclei (16 ) but no DNA was extracted 
from our liver cell nuclei. This m ay be 
due to a tissue difference, to the method of 
nuclear preparation, or to the conditions 
of NaCl extraction.

About one-quarter of the total RNA of 
the nucleus was extracted by the phos
phate buffer and one-quarter by m  NaCl, 
leaving one-half of the original RNA in 
the nucleolar residue rem aining after ex
traction. Maggio and associates (3 0 ) con
sider tha t the m aterial extracted by the 
phosphate buffer represents cytoplasmic 
contam ination and have devised a method 
of isolating liver nuclei which reduces the 
am ount of RNA in the phosphate extract to

a negligible quantity. However, the RNA 
in the phosphate fraction prepared by us 
always showed a higher uptake of aden- 
ine-C14 than  did the RNA in the cytoplasm, 
suggesting that it is a separate species.

The nature of the nucleolar residue ob
tained by us was examined 4 using an  an ti
body present in  the sera of some patients 
with autoim m une diseases. This antibody 
reacts specifically with the nucleoli of 
m am m alian cells (3 1 ). Nucleoli to which 
this antibody becomes attached can be 
identified by using a fluorescein-tagged 
rabbit antibody which reacts with hum an 
antibodies in  general and thus w ith n u 
cleoli containing the hum an antibody (32). 
The nucleoli observed microscopically in 
our isolated nuclei gave a strong positive 
reaction to the anti-nucleolar antibody; on 
the other hand, the “nucleolar residue” 
left after extraction gave no reaction or 
only a weakly positive reaction. The re
actant was present in the m  NaCl extract. 
The distribution of nucleolar antibody re
actant among the nuclear subfractions 
was not influenced by diet.

Effect of protein intake on R N A  con
tent of liver nuclei. Table 1 shows the 
effect of diet on the am ount of RNA in 
whole nuclei and in  the nuclear subfrac
tions. Since diet has no significant effect 
on the DNA content of liver cell nuclei 
(3 3 ) , the results are expressed per 100 ug 
DNA in the whole nuclei. In testing the 
significance of differences between groups 
statistically, the phosphate and sodium 
chloride extracts have been combined, 
since the changes occurring in  these sub
fractions parallel one another but are not 
independently significant. In addition, the 
am ounts of RNA recovered in  the different 
subfractions have been compared w ith the 
RNA content of the whole nuclei and the 
influence of diet on RNA recovery has 
been examined.

Statistical evaluation of the data was 
m ade by analysis of variance, from  which 
fiducial intervals have been com puted in 
order to show m inim al significant differ
ences between pairs of observations (table 
1). This dem onstrates tha t anim als fast
ing overnight after receiving the protein-

3 W e a re  in d e b te d  to  D r. J . S w a n so n  B eck  fo r  e lec 
tro n  m icroscopy .

4 W e a re  in d e b te d  to D r. J . S w an so n  B eck  fo r  m a k 
in g  th e se  tests.
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TABLE 1
E f f e c t  o f  p r o te i n  i n ta k e o n  th e  a m o u n t  o f  R N A  i n  r a t l iv e r w h o le  n u c l e i a n d  n u c le a r s u b fr a c t io n s

D ie ta ry  
g ro u p  1

W hole
n u c le i

N u c le a r  su b fra c tio n s

P h o s p h a te
e x tra c t

N aC l
e x tra c t

C om bined
e x tra c ts

N u c leo la r
re s id u e

U n re 
covered

R N A

Protein-depleted 
(fastin g  18 hr) 25.4

f i g  R N A / 100 f i g  D N A  

5.2 5.3 10.5

ng R N A /1 0 0  /ig D N A  

13.2 1.7

Adequate protein 
(fastin g  18 hr) 25.8 6.6 6.7 13.3 11.0 1.5

Adequate protein 
(fed  protein 2 hr) 26.7 6 .9 6.6 13.5 12.8 0.3

Statistical analysis: 
Significance level (P ) <  5% — — <  0.1% <  0.1% <  0.1%

Standard deviation 2 ±  1.5 — — ±  2.0 ±  1.2 ±  0.7

M inim um  significant 
difference 2 0 .9 — — 1.2 0.7 0.4

1 T h e  re s u lts  a re  th e  m e a n  d a ta  o f 22  a n im a ls  in  e a c h  d ie ta ry  g roup .
2 C o m p u ted  f ro m  th e  re s id u a l  e r ro r  v a r ia n c e  o b ta in e d  o n  a n a ly s is  o f v a r ia n c e  o f th e  re su lts .

free diet (group 1) do not have signifi
cantly less RNA per liver nucleus than  
that in  the nuclei of ra ts fasting after a 
diet containing protein (group 2 ). How
ever, this obscures a redistribution of RNA 
between subfractions; there is less RNA in 
the 2 extracts, but more in  the nucleolar 
residue, thus confirming the histological 
observations of Stowell (5 )  and Stenram  
(6 -9 )  of nucleolar enlargem ent in  protein- 
depleted animals. The am ount of RNA 
unrecovered after fractionation was not 
affected by protein depletion.

W hen a m eal of protein is fed 2 hours 
before killing (group 3) there is a small 
but significant increase in  the am ount of 
RNA per nucleus above the level observed 
in  anim als that received a sim ilar diet but 
were kept fasting (group 2 ). This is due 
to a striking increase in  the am ount of 
RNA in the nucleolar residue in  the pro
tein-fed anim als w ithout any reduction in  
the RNA content of the phosphate and sal
ine extracts. There is, however, a very sig
nificant reduction in  the am ount of RNA 
unrecovered after fractionation. It is possi
ble tha t some ra ther labile nuclear RNA 
species m ay become stabilized to the ex
traction procedure when protein is fed; its 
inclusion in  the nucleolar residue could be 
partly responsible for the large increase 
(16%  ) occurring in  the RNA of this frac
tion 2 hours after the protein meal.

Effect  of  protein intake on adenine-C1'1 
uptake by nuclear RNA.  Uptake of ade
nine-C14 into the RNA of liver-cell cyto
plasm , nucleus and subnuclear fractions 
was investigated in  rats injected intraperi- 
toneally with the isotope and killed at in 
tervals from 15 m inutes to 180 m inutes 
thereafter (table 2 ). Throughout this 
period, the nuclear RNA was m uch more 
heavily labeled than  that of the cytoplasm, 
in  agreem ent with the observations of 
m any other workers. Among the nuclear 
subfractions, the RNA of the nucleolar 
residue had the highest general activity 
and the RNA of the phosphate extract had 
the lowest activity, although it was still 
higher than  that of cytoplasmic RNA. The 
sodium chloride extract showed an initial 
rapid uptake which fell quickly and was 
followed by a low level of incorporation 
sim ilar to that of the phosphate extract; 
this suggests tha t the sodium chloride ex
tract contains 2 species of RNA of quite 
different metabolic activities (see also 
fig. 1).

Metabolism of RNA in the different die
tary groups cannot be directly compared, 
since changes in precursor pool activities 
m ay be responsible for differences in  RNA 
labeling w ithout necessarily implying any 
alteration in  rate of RNA synthesis. How
ever, there was a constantly higher label
ing of RNA in all cell fractions obtained
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TA BLE 2
Effect of  dietary protein intake on uptake of adenine-C14 in  vivo by nuclear and cytoplasmic RNA

Dietary Cell fraction
Time after C14 injection

group 1 15 min 30 min 45 min 60 min 120 min 180 min
c o u n t / m i n / 100 fig R N A c o u n t / m i n / 100 fig R N A

Protein-depleted
(fasting  18 hr) W hole nuclei 201 425 523 608 725 801

Nucleolar residue 194 426 714 846 1109 1559
NaCl extract 87 294 472 112 132 111
Phosphate extract 28 85 73 191 287 352
Cytoplasm 16 29 61 78 109 205

Adequate protein
(fastin g  18 hr) W hole nuclei 111 174 201 262 303 393

Nucleolar residue 112 251 324 447 644 850
NaCl extract 83 170 244 47 32 40
Phosphate extract 21 20 37 54 69 154
Cytoplasm 14 13 23 48 65 99

Adequate protein
(fed  protein) W hole nuclei 112 130 180 227 408 456

Nucleolar residue 81 105 176 297 600 759
NaCl extract 206 239 242 51 75 34
Phosphate extract 18 27 39 52 102 192
Cytoplasm 5 13 31 46 86 119

1 T h e  re s u lts  a re  th e  m e a n  d a ta  fro m  2, 2, 2, 8, 4 a n d  4 a n im a ls ,  re sp ec tiv e ly , p e r  g roup  a t  th e  d if fe re n t t im e  
in te rv a ls .

2 0

1-0

O'O

Phosphate Extract Sodium Chloride 
Extract

Nucleolar
Residue

Fig. 1 The effect o f diet on adenine-C14 incorporation by RNA in  nuclear subfractions at 
different tim es after C14 injection. The relative specific activity o f the RNA in  each nuclear  
subfraction w as calculated from  the data given in  table 2 by relating the activity o f the RNA 
in  the fraction to the activity o f w hole nuclear RNA.

from  anim als fed the protein-free diet; this 
agrees with other observations m ade by 
biochemical m eans (3) and by autoradiog
raphy (3 4 ) showing that precursors are 
incorporated more rapidly into the liver 
RNA of protein-depleted animals.

It is, nevertheless, possible to evaluate 
the action of diet on the RNA of different

nuclear fractions by com paring their ac
tivities with tha t of whole nuclear RNA. 
In this way, relative changes in  ra te of 
synthesis of the RNA in different nuclear 
fractions can be detected (fig. 1 ). Ex
pressed in  this way, adenine-C14 uptake of 
the RNA of the phosphate fraction re
m ained low throughout the labeling period
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and was not affected in a consistent way 
by diet. There were, however, quite defi
nite changes in  relative C14 uptake into the 
RNA of the other 2 nuclear subfractions 
when the intake of protein was altered 
(fig. 1). The relative uptake into the 
rapidly tu rning over RNA of the sodium 
chloride extract was greatly enhanced in 
the group of ra ts fed casein before killing. 
On the other hand, the relative uptake of 
C14 into the RNA of the nucleolar residue 
was highest in  anim als fasting after hav
ing received an adequate protein intake 
(fig. 1). This group had the lowest 
am ount of RNA in the nucleolar residue 
(table 1), which implies that the addi
tional RNA observed in the nucleolar resi
dues of the other 2 dietary groups m ust be 
of a low metabolic activity.

Sedim entation patterns of RNA ex
tracted from  liver nuclei of rats fed differ
ent diets. The Schlieren optical system of 
the Spinco analytical ultracentrifuge was 
used to determ ine the num ber of compo
nents and approxim ate sedim entation co
efficients of RNA samples extracted from 
whole liver cells and cell nuclei after feed
ing the different diets. At the concentra
tions of RNA used (about 15 m g /m l), the 
rates of sedim entation are retarded and 
consequently the sedim entation coeffi
cients obtained are too low. These were 
assigned a more accurate coefficient by 
checking the com ponents with ultraviolet 
optics at a lower concentration of RNA. 
The am ount of each com ponent observed 
represents the area of each peak as noted 
oy the Schlieren system; these are expressed 
in table 3 as percentages of the total RNA

present in  the sample (the sum of all the 
peaks).

Table 3 shows that one-half of the RNA 
from our nuclear preparations is of low 
molecular weight (4-7S). Sporn and Ding- 
m an (3 5 ) also observed this m aterial in 
liver nuclei, but in  their samples it 
am ounted to only 31% of the total nuclear 
RNA. They reported an  18-20S compo
nent in  nuclear RNA from ra t liver (35) 
which corresponds to the 18S peak in  our 
samples. The component sedim enting at 
approximately 28S in our samples is prob
ably sim ilar to their 33S peak. There did 
not appear to be any real difference due to 
diet in the proportions of RNA sedim ent
ing at 4, 18 and 28S (table 3).

In addition to these m ajor components, 
there was a small am ount of RNA sedi
m enting at 35S or more; this has been 
reported previously in  ra t liver nuclei by 
Sporn and Dingman (3 5 ) who noted 19% 
of the nuclear RNA to be of this type. In 
our studies, the am ount of this m aterial 
was least abundant in  ra ts receiving pro
tein in the diet, but was somewhat higher 
(3%  ) for ra ts fed the protein-free diet 
(table 3 ).

The whole cell RNA showed 4 peaks 
with sedim entation values sim ilar to those 
obtained with nuclear RNA. The am ount 
of RNA heavier than  35S was again great
est in  the group given the protein-free diet, 
the increase being more m arked than  that 
observed with nuclear RNA (table 3 ). 
This action of diet was confirmed by su
crose density gradient analysis (no t re
ported here). Since the contribution of 
nuclear RNA to whole cell RNA is small, 
the increase in  the am ount of this very

TA BLE 3
Effect of dietary protein intake on the relative amounts of nuclear and whole liver cell 

RNA of different sedimentation classes

D ie ta ry N u c le a r  RN A W hole  ce ll RN A
g ro u p  1 4 -8  S 18S 28S 3 5 + S 4 -8  S 18S 28S 3 5 + S

P r o te i n  d e p le te d
% % % % % % % %

( f a s t i n g  18 h r )  

A d e q u a te  p r o t e in

58 10 2 9 3 2 5 14 54 6

( f a s t i n g  18  h r )  

A d e q u a te  p r o t e in

4 9 21 3 0 1 3 9 15 4 7 0

( f e d  p r o t e in  2  h r ) 5 6 21 3 0 1 53 10 41 1

1 T h e  RN A  e x a m in e d cam e  fro m th e  liv e rs o f 4 r a t s  in  e a c h d ie ta ry  group .
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heavy RNA m ust have been located prin
cipally in  the cytoplasm.

DISCUSSION

Both published histological studies and 
the present investigations show that the 
nucleus of the liver cell is sensitive to the 
am ount of protein in the diet. Using his
tological and electron microscopic tech
niques, 4 groups of authors have identified 
changes in  nucleolar size arising from vari
ations in protein intake, although only one 
of the authors, Stenram , established that 
the RNA content of the nucleoli changed 
in  parallel with size. Stowell (5 ) , Stenram  
(6 -9 )  and Svoboda and Higginson (36 ) 
observed larger nucleoli in  the livers of 
anim als fed protein-deficient diets than  in 
anim als fed diets containing adequate 
am ounts of protein. Lagerstedt (4 )  per
formed 2 series of studies which add some 
detail to the picture. In  the first series, he 
observed a sharp reduction in  nucleolar 
size in ra ts fasted for 24 hours, and a 
slower shrinking of nucleoli in  the liver 
cells of a small num ber of anim als fed a 
low protein diet for 18 days. In  the sec
ond series of experiments, ra ts were fasted 
for 5 days and then given either a protein- 
rich diet or a protein-deficient diet. W ithin 
3 hours of giving the protein-rich diet, the 
nucleolar m ass was twice tha t of the fast
ing animals. After feeding the low pro
tein diet, no change occurred in  nucleolar 
size until some 36 hours had elapsed, when 
the nucleolar m ass was observed to be 
50% above that of the starving animals. 
Stenram  (7 )  has confirmed this differ
ence in  the response of liver nucleoli of 
fasting anim als a few hours after feeding 
a protein-rich or a protein-free diet. How
ever, continued adm inistration of the pro
tein-free diet resulted in  nucleoli that 
eventually became m uch larger than  those 
of rats fed protein.

It thus appears established that enlarge
m ent of liver nucleoli can be observed 
when anim als fed a protein-free diet for a 
sufficiently long period are compared with 
fasting anim als or with those fed a diet 
adequate in  protein content. Our own 
studies confirm the observations of Lager
stedt and Stenram  insofar as they show 
an increase in the RNA content of the 
nucleolar residue in  rats fed a protein-free

diet for 5 days, as compared with rats 
fasted overnight after having received an 
adequate protein intake (table 1). The 
changes in  nucleolar RNA content are not 
as striking as those observed histologically 
in  nucleolar m ass by Lagerstedt and by 
Stenram. This m ay be because our “n u 
cleolar residue” probably contains RNA 
from other nuclear structures, such as n u 
clear m em brane and chromosomes, as well 
as from the nucleoli proper, and these 
other sources of RNA m ay not be affected 
by diet although contributing to the total 
RNA content of the fraction. No useful 
com m ent can be made as to why the n u 
cleoli enlarge when a protein-free diet is 
fed. Some years ago we established (2 )  
that rate of RNA synthesis in  the liver is 
determ ined by energy intake and is not af
fected by removal of protein from the diet. 
Thus in  starving anim als fed the protein- 
free diet the rate of RNA synthesis would 
be expected to increase and this m ight 
well lead to its slow accum ulation in the 
nucleus.

The m arked and rapid increase in  n u 
cleolar m ass observed by Lagerstedt ( 4 ) 3  
hours after feeding a protein-rich diet to 
fasting ra ts is also confirmed by our stud
ies of RNA in the “nucleolar residue” 
( table 1). This is not due to deposition of 
metabolically highly active RNA, since the 
specific activity of nucleolar RNA relative 
to that of whole nuclear RNA was reduced 
in  the group fed protein (fig. 1). It is 
therefore of interest that there is a signi
ficant im provem ent in  RNA recovery dur
ing fractionation of the nuclei of protein- 
fed anim als (table 1). This suggests that 
some ra ther labile form of nucleolar RNA 
m ay become stabilized during absorption 
of amino acids after a m eal of protein. 
This thesis would be compatible with our 
observation of more RNA in the nucleolar 
residue without an increase in  adenine-C" 
uptake.

The effect of a protein m eal on adenine- 
C14 uptake by RNA extractable into m  NaCl 
was the opposite of that observed with the 
RNA of the nucleolar residue. Instead of 
a reduction in  C14 uptake, the RNA of the 
m  NaCl extract showed a m uch increased 
incorporation (fig. 1). The in tranuclear 
origin of this RNA is obscure. We have 
noted that an antibody which is specific
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for nucleoli in  in tact nuclei no longer re
acts with the nucleolar residue, the re
actant being extracted into m  NaCl. Al
though this nucleolar antigen is not RNA
(3 1 ), its presence in  the m  NaCl extract 
dem onstrates that this treatm ent can re
move components of liver cell nucleoli. 
The RNA in the m  NaCl extract that shows 
metabolic stim ulation after a protein m eal 
m ay thus originate from  the nucleoli.

There is now a considerable body of evi
dence to show that RNA m etabolism in 
the liver undergoes extensive changes 
w ithin 2 to 3 hours after feeding protein 
to fasting anim als. There is an immediate 
and m arked increase in  the uptake of pre
cursors into whole cell RNA, the propor
tion of glycine-C14 taken up by adenine and 
guanine alters, allantoin form ation di
minishes (3 7 ) and the RNA content of 
the post-microsomal fraction of liver 
(breakdown fragm ents from ribosom es?) 
diminishes (38). These changes have been 
interpreted as representing increased sta
bility in  ribosomal RNA associated with 
the influx of amino acids from the protein 
m eal (3 ) . The present study shows that 
equally rapid changes take place in  the 
metabolism of RNA in liver nuclei after a 
m eal of protein. These nuclear and cyto
plasmic events undoubtedly form part of 
an  integrated m echanism  by which the 
liver cell rapidly changes its protein con
tent in  response to variations in the quan
tity and quality of protein in  the diet.
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Effect of Simple and Complex Carbohydrates upon 
Total Lipids, Nonphospholipids, and Different 
Fractions of Phospholipids of Serum in 
Young Men and Women * 1 2

MOHAMED A. ANTAR 2 a n d  MARGARET A. OHLSON 3
Departm ent of Internal Medicine, State University of Iowa, Iowa City, Iowa

ABSTRACT  E ight young, healthy persons, 4 m en and 4 wom en, were fed  experi
m ental diets for 4 dietary periods of 4 weeks each. Except for the type of carbohy
drate and total protein in  the second period, diets were constant in  com position. Total 
fats, proteins, and carbohydrates constituted 40, 16 and 44% of total calories o f the 
basic diet, respectively. The ratio of com plex to sim ple carbohydrates w as 1:4 in  
periods 1 and 3 and this was reversed in  periods 2 and 4. Serum total lip ids, non
phospholipids, and the different fractions of phospholipids (ethanolam ine phospha- 
tides, inositides, lecith ins, lysolecithins, and sphingom yelins) were determ ined using  
silicic  acid colum n chromatography. Serum total lipids, phospholipids, and nonphos
pholipids were found to be significantly reduced w ith the high cereal diet and in 
creased w ith the high sugar diet w hen the total calories and fats were held constant 
for both m en and wom en. The percentage of the ethanolam ine fraction to the total 
phospholipids increased w ith the h igh sugar diet and decreased w ith the high cereal 
diet. The proportion of lecith ins to total phospholipids showed the opposite trend. The 
other phospholipids showed m inim al changes w ith  dietary change. The possible im 
portance of the changes in  the phosphatides in  relation to the coagulation of the blood 
was pointed out. An hypothesis was suggested for the m echanism  for the lipid-lower
ing effect of com plex carbohydrates in  contrast w ith the lipem ic effect of high sucrose 
diet.

During the past half century, most of 
the dietary studies concerning atherosclero
sis have emphasized the role of fats in  the 
diet. Unfortunately little work has been 
carried out with dietary carbohydrates, 
ignoring the fact that they are readily con
verted into fats in  the body and m ay con
tribute to serum  lipids.

In a previous report (1 ) , it was pointed 
out that the increase in  the incidence of 
coronary heart disease over the last 60 
years in  the United States cannot be a ttri
buted to a relative deficiency of the poly
unsaturated  fatty  acids in  the diet since 
the polyunsaturated-to-saturated fatty acid 
ratio of the food supply in  1961 has in 
creased about 30% over the value in 1909. 
The ratio of complex to simple carbohy
drates, on the other hand, had decreased 
in 1961 to about 70% of the value in 
1889. A possible role of lower m olecular 
weight dietary carbohydrates (sucrose), in  
the development of coronary heart disease 
has been suggested (1 -3 ) .

Experim ental work in  anim als has shown 
that starch is associated with lower serum

cholesterol than  is sucrose (4, 5 ). In rab
bits the am ount of lipid in the liver is 
greater when sucrose is given than  when 
starch is fed, with glucose occupying an 
interm ediate place (6 ) .

Few studies of the influence of dietary 
carbohydrate upon serum lipids in  m an 
have been reported. Keys et al. (7 )  ob
served that diets containing sucrose and 
m ilk carbohydrate to provide 17% of the 
calories, produced higher serum  choles
terol levels in their schizophrenic subjects 
than  did diets in  which an equivalent 
am ount of carbohydrate was provided by 
a m ixture of fruit, vegetables, and leg
umes, Quite recently, M acdonald and 
Braithwaite (8 ) have shown tha t sucrose 
resulted in  an increase in  serum  lipids in

R ece iv ed  fo r  p u b lic a tio n  N o v e m b er 9, 1964.
1 W o rk  su p p o rte d  in  p a r t  by  g ra n ts  f ro m  th e  Col

lege  o f M ed ic in e  T r u s t  F u n d .
2 R ese a rch  A sso c ia te , N u tr i t io n  D iv is io n  o f th e  D e

p a r tm e n t  o f M ed ic in e  a n d  B io ch em is try , V a n d e rb il t  
U n iv e rs ity , S chool o f M ed ic in e , N a sh v ille , T en n essee . 
T h is  p a p e r  is  a  p a r t  o f a  th e s is  p re s e n te d  in  p a r t ia l  
fu lf i l lm e n t o f  th e  re q u ire m e n ts  fo r  th e  P h .D . deg ree, 
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m an, m ainly in  the glyceride fraction, 
whereas the starch diet produced a de
crease in  serum  lipids, m ainly evident in 
the sterol ester and the phospholipids. 
Irwin et al. (9 ) , however, observed that 
there was no significant difference in  se
rum  cholesterol and phospholipids in  m an 
when they changed only 40% of dietary 
carbohydrate from  rice to sucrose.

There is now m uch evidence that 
changes in  coagulability of the blood may 
play a m ajor role in  development of coron
ary heart disease (10, 11) and that one or 
more phosphatides play an essential role 
in  the coagulation process (1 2 ). The n a
ture of the phosphatide, however, is still 
a controversial m atter.

This study was a part of a larger pro
ject 4 designed to test the effect of dietary 
regimens providing carbohydrates prim a
rily as starches or simple sugars. Since 
pre-menopausal women are relatively free 
from coronary heart disease in  contrast 
with m en of the same age group, it seemed 
pertinent to study the total serum  lipids, 
nonphospholipids, and the different frac
tions of phospholipids of the blood of both 
young m en and women.

MATERIALS AND METHODS

Eight healthy persons, 4 m en and 4 
women whose ages ranged from 20 to 25 
years, participated in  the study as outpati
ents. Three spaced meals were eaten daily

in the metabolic ward under the supervi
sion of a dietitian. The dietitian provided 
a bedtime snack which the subject ate dur
ing the evening. Each subject was given a 
complete physical exam ination after a 
careful m edical history was taken. After 
the subjects had been adjusted to an ordin
ary American diet for a few days, they 
were given a weighed diet divided into 4 
dietary periods, each of which was 4 
weeks. Table 1 gives the basic dietary plan 
for 2500 kcal/day. The diet was adjusted 
for each person by a percentage increase 
or decrease of all nutrients to m aintain  
constant weight throughout the study. By 
this procedure the relation of nu triten ts in 
gested was the same for all subjects al
though absolute intakes differed.

Periods 1 and 3 were alike in  every re 
spect, and total carbohydrates were held 
constant throughout the 4 periods. The 
m ain variable was the source of carbohy
drates. The intake of simple sugars (table
1) in  periods 1 and 3 was 80% . In periods 
2 and 4, 80% of carbohydrate was in 
gested as starch. The intake of total pro
tein was the same except in  period 2 when 
it was increased by 20 g /day  by the protein 
content of the vegetable and cereal foods 
which replaced sugar. Dietary fa t was the 
same in  all periods and fats used were

4 H odges, R . E ., a n d  M. A. O h lso n  1963 T o ta l 
s e ru m  lip id s , c h o le s te ro l a n d  tr ig ly ce rid e s  fo llo w in g  
in g e s tio n  o f d ie ts  w ith  2 so u rces  o f c a rb o h y d ra te s . 
F e d e ra tio n  P roc., 22  ( 2 ) :  209 ( a b s t r a c t ) .

TA B LE 1

Dietary -plan for 2500 kcal

P e rio d  1 P e rio d  2 P e rio d  3 P e rio d  4

H ig h H ig h H ig h H ig h
sim p le  1 com plex sim p le com p lex

CHO cHo CHO CHO 2

Total CHO, g 272 273 272 273
Simple CHO, g 220 56 220 56
Complex CHO, g 52 217 52 217

Total proteins, g 100 120 100 100
Anim al proteins, g 92 90 92 70
Vegetable proteins, g 8 30 8 30

Total fat, g 111 111 111 111
Saturated fatty acids, g 54.9 55.2 54.9 54.8
Polyunsaturated fatty acids,3 g 7.7 7.7 7.7 7.4
Cholesterol, m g 829 834 829 779

1 In  th is  re p o r t  “ s im p le  c a rb o h y d ra te s ”  c o n s is te d  m a in ly  o f th e  m ono- a n d  th e  d is a c c h a r id e s ,  a n d  
in c lu d e d  th e  c a rb o h y d ra te s  o f th e  re fin ed  s u g a rs , s iru p s , m ilk , a n d  th o se  o f f r u its .  T h e  “co m p lex  
c a rb o h y d ra te s ”  in c lu d e d  th o se  o f  c e rea l p ro d u c ts , p o ta to e s, leg u m es  a n d  v egetab les .

2 P ro te in  w as  eq u a liz e d  (se e  te x t) .
3 As lin o le ic  acid .
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those characteristic of the diet of this area. 
The ratio of polyunsaturated to saturated 
fatty acids was calculated to be 0.25.

Blood samples were obtained under 
basal conditions from an antecubital vein 
with a siliconized needle and syringe be
fore the study and at the end of each die
tary period.

Serum total lipids were extracted by a 
chloroform-methanol m ixture (2 :1 , v /v )  
using 19 parts solvent and 1 part serum, 
purified by washing with 0.2 volume saline 
3 times according to Folch et al. (1 3 ) , and 
finally dried under vacuum  to a constant 
weight. Phospholipid and nonphospho
lipid 5 portions were separated by silicic 
acid column chrom atography by the 
method of Borgstrom (1 4 ). They were 
fu rther fractionated by chromatography 
using activated silicic acid columns ac
cording to the m ethod of H anahan et al. 
(1 5 ). The eluting m ixtures of chloroform- 
m ethanol were 4 :1 , 3 :2 , and 1 :4  (v /v ) .  
Separation of the fractions was made by 
phosphorus determ ination according to 
Bartlett (1 6 ). Each sample was evapo
rated under vacuum, diluted to volume, 
and phosphorus determ ination was made 
for an aliquot. The m ean recovery of phos
phorus in  the different fractions of phos
pholipids was 91.5 ±  1.7 56% as compared

with the phosphorus observed in the total 
phospholipids. These results compare with 
the recoveries reported by H anahan et al. 
(1 5 ) which were 88 to 95% .

Two of the four women investigated be
came pregnant during the third dietary 
period and their data are reported sepa
rately.

Analysis of variance, according to 
Snedecor (1 7 ), was applied to test signifi
cance of differences. The results were con
sidered significantly different at P <  0.01).

RESULTS

Total serum lipids, nonphospholipids 
and phospholipids are reported in  table
2. The same data are expressed as 
percentage change in  total serum lipids, 
phospholipids, and neutral lipids dur
ing different dietary periods considering 
the values at the end of the first high 
sugar period as 100 (table 3). All of these 
components of serum  showed the same 
trend; namely, an increase after the feed
ing of high sugar diets and a decrease with 
the complex carbohydrate diets. The 
changes occurred in  m en and women but 
were of lesser degree in  the women. The

3 In c lu d e s  to ta l  ch o le s te ro l, g ly ce rid es, a n d  non- 
e s te r i tied  f a t ty  acids.

6 SD.

TA BLE 2

Serum lipids w i th  substitution of starch for sugar in a controlled diet

S u b jec ts P re -ex p e rim en ta l
p e rio d

P e rio d  1 

S im ple  CHO

P e rio d  2 P e rio d  3 P e rio d  4 1

C om plex  CHO S im ple  CHO C om plex  CHO

Men ( 4 ) 2 
W om en (2 )  
W om en ( 2 )  4

Men (4 )  
W om en (2 )  
W om en ( 2 )  4

Men ( 4 ) 2 
W om en (2 )  
W om en (2 )  4

Men (4 )  
W omen (2 )  
W omen (2 )

Total lipids, m g /1 0 0  m l
563( 504-644  ) 3 616( 542-672  ) 545( 450-704  ) 691( 558-866  )
467( 424 -5 1 0  ) 545( 492-598  ) 478( 4 1 4 -5 4 2  ) 589( 512-666  )
563( 425-701  ) 532( 526-537  ) 450( 444 -4 5 6  ) 512( 4 5 8 -5 6 6  )

Nonphospholipids (n eu tra l), m g /1 0 0  m l 
364 ( 291—450 ) 393 ( 329-398  ) 350 ( 2 6 3 ^ 6 4  ) 454( 386-587  )
336( 263-408  ) 345( 320 -3 7 0  ) 301( 245-357  ) 364( 3 2 4 ^ 0 5 )
347 ( 246-448  ) 346 ( 341-351  ) 275 ( 273 -2 7 7  ) 319 ( 273-365  )

Phospholipids, m g /1 0 0  m l
196( 1 8 1 -2 1 7 ) 3 212( 188-238 ) 192( 171-237  ) 226( 162-273 )
156(one ca se ) 189( 163-215 ) 174( 160-189 ) 209( 173-245 )
200( 166-234  ) 179( 175-183 ) 171( 163-179 ) 185( 183-187 )

Phospholipids, % of total lipids
3 5 .4 (2 9 .0 -4 1 .2 ) 3 5 .1 (3 3 .5 -3 6 .4 ) 3 5 .7 (3 3 .8 -3 9 .4 ) 3 3 .2 (2 9 .6 -3 6 .0 )
37.1 (one ca se ) 3 5 .3 (3 3 .8 -3 6 .8 ) 3 7 .4 (3 4 .6 -1 0 .3 ) 3 6 .3 (3 4 .8 -3 7 .8 )  
3 7 .3 (3 4 .3 -4 0 .3 ) 3 4 .0 (3 3 .8 -3 4 .3 ) 3 8 .4 (3 7 .4 -3 9 .3 ) 3 7 .0 (3 4 .0 -4 0 .1 )

470( 423 -5 1 3  ) 
446( 407 -4 8 4  ) 
4 3 1( 362 -5 0 0  )

292( 238-344  ) 
266( 233-299  ) 
260( 216 -3 0 4  )

173( 151-210 ) 
170( 164-176 ) 
174( 148-199  )

37 .4 (30 .4—12.2)
3 9 .2 (3 7 .0 -4 1 .3 )
4 0 .1 (3 9 .5 -4 0 .7 )

1 P ro te in  in ta k e  w as  e q u a liz e d  (s e e  te x t ) .
- N u m b e r  o f  su b jec ts .

3 R an g e  o f v a lu e s .
4 P re g n a n c y  o c cu rre d  d u r in g  p e rio d  3.
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TA BLE 3

Percentage change in total lipids,  nonphospholipids and  phospholipids during dietary  
periods 2, 3, 4 (expressed as % of values observed in dietary period 1)

P re -e x p e rim e n ta l p „ r1nr! -, p e r io d  f e r io a  l P e rio d  2 P e rio d  3 P e rio d  4

Men 91.4
Total lipids 

100.0 88.5 112.2 76.3
W omen 85.7 100.0 87.7 108.1 81.8
Pregnant wom en 1 105.8 100.0 84.6 96.2 81.0

Men
Nonphospholipids 

92.6 100.0 89.1 115.5 74.3
W om en 97.4 100.0 87.2 105.5 77.1
Pregnant wom en 1 100.3 100.0 77.2 92.2 75.1

Men 92.5
Phospholipids

100.0 90.6 106.6 81.6
W om en — 100.0 92.1 110.6 89.9
Pregnant wom en 1 111.7 100.0 95.5 103.4 97.2

1 P re g n a n c y  o ccu rre d  a t  th e  m id p o in t o f p e rio d  3.

rate of increase after sugar feeding was 
greater in  the nonphospholipid fraction 
th an  in  the phospholipids and the change 
in  total lipids was interm ediate between 
these 2 fractions. It also was noted that 
the decrease in  serum lipid concentrations 
in  pregnant women fed the complex car
bohydrate diet was less pronounced than 
in the case of 2 women in  the nonpreg
nan t state.

Tables 4 and 5 show the m ean and 
range of cephalitis, (phosphatidyl ethanol- 
am ines) lecithins, inositides, lysolecthins,

and sphingomylins, as percentages of total 
serum  phospholipids.

The cephalin fraction showed a charac
teristic trend, namely, an increase when 
the subjects were fed a high sugar diet 
(periods 1 and 3) and a decrease in  the 
case of the diet rich in  complex carbohy
drates (periods 2 and 4 ). This trend oc
curred in  both the m en and women except 
when pregnancy occurred, at which point 
the cephalin fraction increased.

The lecithins have shown essentially the 
opposite trend to that of the cephalins in

TA B LE 4

Mean concentration of the phosphatidyl  e thanolamines and lecithins ( % o f  total serum phospholipids)

Subjects Pre-experimental
period Period 1 Period 2 Period 3 Period 4

Phosphatidyl ethanolam ines
Men ( 4 ) 1 6.3 7.3 6.3 7.3 5.8

(5 .6—6 .7 ) 2 (6 .8 —7.9) (6 .0—6.9) (6 .8—7.7) (5 .3 -6 .6 )
W om en (2 ) 5.8 6.2 5.2 6.2 4.8

(5 .6 -6 .0 ) (6 .1 -6 .2 ) (5 .2—5.3) (5 .9—6.4) (4 .7--Î .8 )
W om en (2 )  3 5.8 6.5 5.4 6.2 7.0

( 5.6—6.0) (6 .4—6.6) (5 .4 -5 .5 ) ( 5.9—6.4) (6 .9 -7 .1  )

Lecithins
Men (4 )  1 69.0 67.4 71.3 68.9 72.4

(6 8 .3 -6 9 .9 ) 2 (6 6 .4 -6 8 .5 ) (7 0 .0 -7 3 .2 ) (6 8 .1 -7 0 .7 ) (7 0 .6 -7 5 .2 )
W omen (2 ) 72.0 70.6 73.1 70.4 73.6

(7 1 .4 -7 2 .5 ) (7 0 .2 -7 0 .9 ) (7 2 .8 -7 3 .4 ) (7 0 .2 -7 0 .5 ) (7 3 .2 -7 4 .1 )
W om en (2 )  3 73.4 71.0 73.6 70.9 70.1

(7 3 .1 -7 3 .8 ) (7 0 .8 -7 1 .3 ) (7 3 .1 -7 4 .1 ) (7 0 .2 -7 0 .6 ) (6 9 .5 -7 0 .7 )
1 F ig u re s  in  p a re n th e se s  in d ic a te  th e  n u m b e r  o f su b jec ts .
2 R ange .
3 P re g n a n c y  o c cu rre d  in  th e  th i r d  p eriod .
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TABLE 5

Mean concentration of inositides,  lysolecithins, and sphingomyelins (% of total phospholipids)

Subjects Pre-experimental
period Period 1 Period 2 Period 3 Period 4

Inositides
Men (4 )  1 0.4 0.8 0.8 0.7 0.7

(0 -0 .8 )  2 (0 .4 —1.0) (0 .5 -1 .1 ) (0 .5 -0 .9 ) (0 .6 -0 .8 )
W omen (2 ) 0.4 0.4 0.6 0.8 0.8

(0 .2 -0 .5 ) (0 .4 -0 .5 ) (0 .4—0.7) (0 .5 -1 .1 ) (0 .6 —1.0)
W om en (2 )  3 0.6 0.6 0.8 1.0 0.8

(0 .4 -0 .7 ) (0 .6 -0 .7 ) (0 .7 -0 .8 ) (0 .9—1.0) (0 .8—0.9)

Lysolecithins
Men (4 )  1 4.7 5.8 4.8 5.3 4.7

(4 .1 -5 .7 )  2 (4 .1 -7 .8 ) (3 .8 —5.3) (4 .7 -6 .5 ) (4 .2 -5 .1 )
W omen (2 ) 5.6 5.2 5.2 5.2 4.4

(5 .2 —5.9) (4 .8 -5 .7 ) (4 .9—5.6) (4 .5 —6.2) (4 .2 —4.5)
W omen (2 )  3 4.2 5.0 4.4 4.2 5.0

(4 .2 -4 .3 ) (5 .2 -5 .9 ) (4 .2—4 .7 ) (4 .2—4.3) ( 5.0—5.1 )

Sphingom yelins
Men (4 )  1 19.6 18.7 16.8 17.7 16.4

(1 8 .9 -2 0 .5 ) 2 (1 6 .2 -2 0 .4 ) (1 6 .4 -1 7 .4 ) (1 6 .7 -1 8 .5 ) (1 4 .2 -1 8 .0 )
W omen (2 ) 16.4 17.6 15.8 17.4 16.3

(1 5 .4 -1 7 .4 ) (1 7 .4 -1 7 .8 ) (1 5 .7 -1 6 .0 ) (1 6 .4 -1 8 .3 ) (1 6 .0 -1 6 .6 )
W omen (2 )  3 16.0 16.8 15.8 17.8 17.0

(1 5 .7 -1 6 .2 ) (1 6 .3 -1 7 .2 ) (1 5 .4 -1 6 .1 ) (1 6 .8 -1 8 .7 ) (1 6 .3 -1 7 .7 )
1 Figures after men or women indicate the number of subjects.
2 Range.
3 Pregnancy occurred in the third period.

TABLE 6
Sum m ary  of analysis of variance for the indicated variables for the 4 dietary periods 1

Between Between Between
subjects sexes diets

Degrees o f freedom 5 i i
Required F value 2 4.56 8.68 8.68

Observed F value
Total lipids 10.09 9.30 42.28
Nonphospholipids 11.32 11.93 40.51
Phospholipids 4.97 2.48 13.82
Phospholipids, % of total lipids 2.01 1.94 4.35
E thanolam ine phosphatides 12.58 55.58 71.0
Lecithins 13.00 32.52 118.50
Inositides 0.16 0.01 0
Lysolecithins 0.68 0.08 4.24
Sphingom yelins 5.15 3.42 22.50

1 Based on 24 observations.
2 Probability, 0.01.

all subjects. The change in  inositides was 
small and inconsistent. The changes in 
the concentration of lysolecithins also were 
inconsistent. The sphingomyelin fraction 
was higher in  periods 1 and 3 in  com pari
son w ith periods 2 and 4. This trend was 
sim ilar to tha t of the cephalin fraction

except that when pregnancy occurred the 
percentage of the sphingomyelins did not 
increase as did that of the ethanolam ine 
fractions.

Table 6 presents the analysis of variance 
for the different param eters measured. 
The effect of the 2 different diets upon the
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total lipids, phospholipids, and nonphos
pholipids of the serum in  m illigrams per 
100 ml was highly significant. The differ
ences in  concentrations of cephalins, leci
thins and sphingomyelins in  percentage of 
total serum phospholipids were also signi
ficant. On the other hand  those of ino- 
sitides and lysolecithins were not signifi
cant.

DISCUSSION

The effect of the 2 diets upon the total 
lipids, phospholipids, and the nonphos- 
pholipids of the serum was highly signifi
cant (table 6 ). There was a greater re
duction in serum lipids when the total pro
tein was held constant in  period 4 than  
in the case of period 2. The differences 
between periods 2 and 4, however, were 
not significant.

The lipid-lowering effect of complex car
bohydrates in  the diet and the lipemie ef
fect of the simple sugars reported in this 
study are in  agreem ent with the data of 
Keys et al. (7 )  which has been confirmed 
recently by Macdonald and Braithwaite 
(8 )  in 7 male subjects. Irw in et al. (9 ) , 
however, did not find any significant dif
ference in  serum cholesterol and phos
pholipids when only 40% of the dietary 
carbohydrate was given as rice ra ther than 
sucrose. About 42% of the carbohydrate 
in  their diets was derived from wheat, oats, 
potatoes, beans, and celery and 18% from 
fruits and other vegetables. Both the total 
am ount of carbohydrate and the percent
age of complex-to-simple carbohydrates 
m ay be critical to dem onstrate a change in  
metabolic pathways.

The values reported here for the individ
ual phosphatides agree with those pub
lished by Gjone et al. (1 8 ) , Phillips (1 9 ) , 
M arinetti et al. (2 0 ) , and Nye et al. (21 ). 
Many workers (20, 21) have failed to iso
late phosphatidyl serine from  hum an 
plasm a although other investigators (18 ) 
have reported traces of this constituent. 
Therefore, it can be assum ed that the 
cephalin fraction reported here is essen
tially ethanolam ine phosphatides. The per
centage of phosphatidyl ethanolam ines in 
creased after m aintaining the subjects with 
a high sugar diet and decreased after a 
high cereal diet. This trend occurred in 
both m en and women except when preg

nancy occurred. On the other hand, leci
thins have shown the opposite trend. In 
another s tu d y 7 evidence has been pre
sented th a t the concentrations of both 
ethanolam ine phosphatides and lecthins 
may be im portant factors in  the coagula
tion process. The form er is thought to 
stim ulate coagulation and the latter to in 
hibit or possibly have a neutral effect 
( 1 2 ) . 8

It is recognized that complex carbohy
drates were given as food ra ther than  as 
pure starch in  this experim ent, thus in 
creasing somewhat the intake of fiber and 
sitosterol, both of which could influence 
the serum  cholesterol (22—24). The 
am ounts added could not have been large, 
as white bread, white rice, m acaroni, 
spaghetti, refined breakfast cereals and 
potatoes were substituted for the sugars of 
candies, syrups and jellies. The am ount of 
fruit, vegetables and milk used was kept 
constant throuhgout the experim ent by the 
use of a 7-day m enu plan, this portion of 
which was replicated during the entire 4 
m onths of study.

TABLE 7
Mean fecal nitrogen and fa t  during diets varied  

in  carbohydrate source

Diet no.
1 2 3 4

9 / day 9/day g/day g/day
Nitrogen 1.29 1.41 1.26 1.18
Fat 0.81 0.80 0.95 0.70

Changes in  intestinal flora which would 
affect the serum  lipids could have oc
curred (4 ) . These m ust have been m ini
m al as there was no change in  the char
acter or frequency of stools. Mean values 
for fecal fat and fecal nitrogen are shown 
in  table 7 and are w ithin the ranges ex
pected for healthy young adults; no differ
ences were observed that could be related 
to diet.

An im portant fact is that the lipids of 
the blood reflect not only dietary fats, but 
also the carbohydrates and proteins in 
gested in excess of immediate tissue needs.

7 A n ta r ,  M. A., M. A. O h lson  a n d  R. E . H odges 1964 
T h e  effec ts  o f s im p le  a n d  co m p lex  c a rb o h y d ra te s  in  
th e  d ie ts  u p o n  s e ru m  p h o sp h o lip id s  a n d  th e  r e la tio n  
to  in  v itro  th ro m b u s  fo rm a tio n . F e d e ra tio n  P roc., 
23  C l) :  300 ( a b s t r a c t ) .

8 See fo o tn o te  7.
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A diet of concentrated sugars has been 
shown to result in  rapid lipogenesis and 
in storage of hard  fats in the body com
posed largely of palm itic, stearic, palmito- 
leic and oleic acids (2 5 ). These fats are 
released as needed for energy purposes. 
Thus feeding large am ounts of sugars at 
spaced intervals m ay result in the same 
serum lipid values as those after feeding 
highly saturated dietary fats. For example, 
Anderson et al. (2 6 ) observed that isocal
oric substitution of sucrose for corn oil in 
the diet resulted in an increase of serum 
cholesterol, phospholipids, and triglycer
ides in m an.

Differences in rate of absorption of the 
different kinds of carbohydrates could lead 
to change in  certain metabolic pathways. 
Hill et al. (2 7 ) have shown that substitu
tion of a diet containing 60% of glucose 
for a stock diet containing no free hexoses 
resulted in an eight- to tenfold increase in 
the capacity of ra t liver to convert glucose 
carbon to fatty  acids and in  a twofold in 
crease in  its capacity to incorporate ace
tate carbon into fatty acids. Fitch et al.
(2 8 ) reported that the activities of both 
6-phosphate dehydrogenase and 6-phos- 
phogluconate dehydrogenase (2  enzymes 
of the hexosemonophosphate shun t) are 
greatly increased by glucose or fructose 
feeding instead of ground whole wheat. It 
also has been shown (2 8 ) that a-glycero- 
phosphate dehydrogenase, which is respon
sible for the glycerol moiety of neutral 
fats, was elevated by the feedings of the 
hexose containing diets. The hexose m ono
phosphate pathway generates TPNH, con
sidered necessary for lipogenesis and cho- 
lesterologenesis (29). Furtherm ore, the rate 
of cholesterol synthesis in  ra ts has been 
shown to increase with a high sucrose diet 
in  contrast with the norm al chow diet
(3 0 ).

The experim ents of Cohn and his as
sociates (3 1 ) and Hashim  et al. (3 2 ) in 
dicate that increased lipogenesis and 
higher concentrations of serum  lipids ac
company the meal-eating habit, as com
pared with the nibbling habit.

Unpublished data from this laboratory 
indicate that ingestion of simple sugar 
leads to a more rapid and higher glycemia 
than  the ingestion of bread providing the 
same am ount of total carbohydrate.3 Simi

lar data have been reported by Orent-Keiles 
(3 3 ). Thus, feeding with starches may 
sim ulate the effect of nibbling and the ac
tive body in  caloric equilibrium may m eta
bolize the absorbed glucose from starch 
without resort to the same degree of lipo
genesis and storage as required following 
large doses of sucrose.

Another factor which m ay account, at 
least in part, for such a lipemic effect of 
high sugar diets is that starch is hydrol
yzed in the intestine into gluose only 
whereas sucrose hydrolyzes into glucose 
and fructose. Hill et al. (27, 34, 35) re
ported that norm al rats and dogs fed a 
diet containing 58% fructose as the sole 
source of carbohydrate developed an im 
paired capacity for utilizing glucose by the 
liver. Im paired glucose utilization has also 
been observed in  the livers of hum an sub
jects fed fructose (3 6 ). Kritchevsky et al.
(5 )  reported that the serum cholesterol in 
chickens fed high sucrose diets was con
siderably higher than in  chickens fed high 
glucose diets.

Fitch and Chaikoff (26, 28, 29) have 
shown that substitution of fructose for 
glucose in the diet resulted in  a significant 
increase of the activity of the hexose m on
ophosphate shunt. There was also an in 
crease in  the activity of «-glycerophos
phate dehydrogenase. These changes, as 
pointed out, will increase the rate of lipo
genesis.

It seems probable that the m arked 
changes observed during high sugar in 
take could be explained on the basis of in 
creased lipogenesis due to difference in 
absorption rate, the presence of fructose in 
sucrose, or both. If this explanation proves 
to be correct, there is no conflict between 
these observations and those reported after 
ingestion of large am ounts of saturated 
fatty  acids (3 7 ) or after nibbling (3 1 ).
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Influence of Caloric Restriction and of Reduced 
Feeding Time on Experimental Dental 
Caries in the R at1,2

JAMES H. SHAW
Harvard School of Dental Medicine, Boston, Massachusetts

ABSTRACT A  series of experim ents w as conducted on caries-susceptible rats to 
determ ine the influence of feeding habits on the occurrence of dental caries and to 
study further the reason for the effectiveness o f caloric restriction on reduced incidence  
o f caries. In these studies, caloric restriction caused major reductions in  the occur
rence of experim ental dental caries. W hen the sam e caries-producing diet w as fed  for 
lim ited periods, comparable reductions in  dental caries were observed. Length of food  
availability per day was more closely related to occurrence of dental caries than gain in  
body weight. The data are strongly suggestive that caloric restriction operated through 
the shorter period that food w as available and thereby the shorter oral exposure than  
through caloric insufficiency per se.

Caloric restriction in  cotton ra ts and in 
white rats has been shown to cause highly 
significant decreases in  the incidence of 
experim ental dental caries (1-3). The re
duction m ay not be attributable entirely to 
starvation per se, but m ay be due at least 
in  part to food consum ption by the re
stricted subjects in  a short interval with a 
resu ltan t brief exposure of the oral cavity 
to the dietary components. The present 
series of experim ents was conducted to at
tem pt to define in  greater detail why ca
loric restriction was effective and also to 
determine the influence of the feeding 
habits of caries-susceptible rats upon the 
occurrence of dental caries.

EXPERIMENTAL

Three experim ents were conducted with 
the Harvard caries-susceptible strain  of 
the common laboratory rat. Each experi
m ent began when the ra ts were weaned at 
21 days of age and was continued for 60 
days. The rats were weighed weekly 
throughout. At the end of this period the 
ra ts were killed under excessive ether an 
esthesia and the heads preserved in  95% 
alcohol in  preparation for skinning and 
scoring by the process of Shaw et al. (4 ) . 
W ater was provided ad libitum  from an 
autom atic watering fount in  each wire- 
bottom cage. Diet was provided in  the in 
dividual control and experim ental groups 
as noted in  tables 1, 2 and 3.

The first experim ent consisted of 5 
groups as described in  the second colum n 
of table 1. The rats in the first group 
served as controls and were provided diet 
2700 (5 )  ad libitum  throughout the 24 
hours of each day. Food consum ption was 
determ ined each m orning and used as the 
basis for calculation of the weights of food 
to be provided to litterm ates of the same 
sex in  groups 2, 3 and 4. The individual 
rats in  these 3 groups received 80, 65 and 
50% , respectively, of the calories con
sumed by its m ate in  group 1. These 4 
groups were comparable to those in  previ
ous experim ents (2, 3) but the experi
m ents were repeated to provide inform a
tion on our more clearly defined strain of 
caries-susceptible rats.

The ra ts in  group 5 were provided with 
an unlim ited am ount of diet for 2 hours 
each m orning but were not allowed access 
to food for the rem aining 22 hours. This 
period was arbitrarily selected on the 
basis that ra ts in groups 3 and 4 had 
routinely consumed their food allowances 
in  less than  this am ount of time. Our de
sire was for the ra ts  in  group 5 to train  * 1

R ece ived  fo r  p u b lic a tio n  N o v em b er 6, 1964.
1 T h is  in v e s t ig a tio n  w as  su p p o rte d  in  p a r t  by  P u b lic  

H e a lth  S erv ice  R ese a rch  G ra n t no . D E -00204 a n d  
C a ree r  A w ard , 1-K6-DE-22,634-01 f ro m  th e  N a tio n a l  
In s t i tu te  o f D e n ta l  R ese a rch , N a t io n a l  I n s t i tu e s  o f 
H e a lth .

2 W e a re  in d e b te d  to  D r. L y o n  P. S tre a n  o f  M erck , 
S h a rp  a n d  D ohm e R e s e a rc h  L a b o ra to r ie s , W es t P o in t, 
P e n n s y lv a n ia ,  fo r  th e  g en ero u s  su p p lie s  o f  B -com plex  
v ita m in s  u s e d  in  th e  d ie ts  in  th e se  s tu d ie s .

3 3 8 J .  N u t r it io n , 8 5 : ’6 5
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TA BLE 3
A v e r a g e  d a y  a n d  n i g h t  fo o d  c o n s u m p t i o n  d u r in g  f i f t h  e x p e r im e n t a l  w e e k  o f  r a ts  i n  e x p e r i m e n t  3

G roup D ie t D ay N ig h t T o ta l
no. D ay N ig h t M ales F e m a le s M ales F em a le s M ales F e m a le s

i N o . 2 7 0 0 n o . 2 7 0 0
9

2 .2
9

1.8
9

1 2 .2
9

9 .5
9

1 4 .4
9

11 .3

2 N o . 2 7 0 0  +
2 %  N a H 2P 0 4

n o . 2 7 0 0  +
2 %  N a H , P 0 4 2 .8 2 .2 12 .3 1 0 .9 15.1 13.1

3 L a b o r a to r y  m e a l l a b o r a to r y  m e a l 2 .9 1 .8 1 4 .2 1 1 .5 17.1 1 3 .3

4 L a b o r a to r y  m e a l s u c r o s e 6 .2 4 .5 6 .5 7 .2 1 2 .7 1 1 .7

5 L a b o r a to r y  m e a l s u c r o s e +
3 %  N a H 2P 0 4 6 .6 5 .0 7 .5 6 .7 14.1 1 1 .7

6 S u c ro s e l a b o r a to r y  m e a l 3 .6 3 .5 1 3 .0 9 .5 1 6 .6 1 3 .0

7 S u c ro s e  +
3 %  N a H jP O i la b o r a to r y  m e a l 3 .4 2 .3 13 .0 9 .5 16 .4 1 1 .8

themselves to eat a norm al am ount of 
food for a day in  2 hours. No records were 
kept of their food consumption.

The second experim ent was composed 
of 6 groups of rats. The first group 
served as controls and received diet 2700 
throughout the entire 60-day period. From 
9:00 a m  to 5 :00  p m  on Monday through 
Friday and from 9:00  a m  to 12:00 noon 
on Saturday (our norm al working hours) 
the litterm ates in  group 2 were provided 
with filled ration cups containing diet 
2700. No diet was provided from late 
afternoon until early m orning on weekdays 
nor from noon Saturday to Monday m orn
ing. Thus diet 2700 was provided ad 
libitum  for 43 hours per week but was 
not available for the rem aining 125 hours. 
The rats in the third group were fed on 
the reverse pattern , with starvation dur
ing the working days and ad libitum  feed
ing of diet 2700 at n ight and on Sunday. 
The rats in  group 4 were provided unlim 
ited am ounts of diet 2700 for 4 consecu
tive 24-hour periods followed by 24 hours 
of starvation. Comparably, the rats in 
groups 5 and 6 were fed for either 3 or 2 
consecutive 24-hour periods followed in 
each case by a 24-hour starvation period. 
The im portance of weighing food con
sumption in this type of experim ent did 
not become fully apparent until after its 
term ination and appraisal.

The third experim ent provided the op
portunity to evaluate the day-night alter
nating feeding of diets of varying caries-

producing properties. The design is shown 
in table 3. Control group 1 received diet 
2700 continuously throughout the 60-day 
experim ental period. The rats in  group 2 
received the same diet supplem ented with 
2% monosodium orthophosphate contin
uously. The rats in  group 3 received lab
oratory m e a l3 continuously. The rats in 
groups 4 and 5 received laboratory m eal 
during the same weekday working hours 
as in  group 2 of experim ent 2. At night 
the rats in  group 4 were given access to 
unlim ited am ounts of sucrose, whereas 
the rats in  group 5 were provided ad libi
tum  with sucrose th a t had been supple
m ented with 3% monosodium orthophos
phate. The rats in  groups 6 and 7 received 
the reverse alternation of diets to those 
in groups 4 and 5: laboratory m eal at 
night, with sucrose or sucrose plus 3% 
monosodium orthophosphate during the 
daytime to groups 6 and 7, respectively. 
In this experim ent, intake of all diets dur
ing the day and night feeding periods was 
determined.

R E S U L T S

The results of experim ent 1 are pre
sented in  table 1. The ra ts in control 
group 1 grew norm ally and were m ain
tained in  good health  by the ad libitum 
feeding of diet 2700. Progressively higher 
caloric restriction in  groups 2, 3 and 4 
resulted in  very closely parallel reductions

3 P u r in a  L a b o ra to ry  M eal, R a ls to n  P u r in a  C om pany , 
St. L ou is.



342 JA M E S  H . SH A W

in weight gain. For example, male rats 
in  group 3, which received only 65% of 
the calories consumed by the control 
group, grew at 61.5% the rate for control 
males, whereas females in  group 3 grew 
65.0% as rapidly as control females. The 
rats in  group 5 that were perm itted to eat 
ad libitum  for 2 hours per day grew ap
proximately as well as the rats provided 
with the 65% allocation of calories in 
group 3.

The occurrence of tooth decay in  the 
control group was typical for representa
tives of the Harvard caries-susceptible 
strain m aintained under these experim en
tal circum stances. In group 2, reduction 
to 80% of the calories consumed by their 
control litterm ates of the same sex re
sulted in  a highly significant reduction in  
tooth decay. Further caloric restriction to 
levels of 65 or 50% in groups 3 and 4 
resulted in  still greater reductions. The 
90% reduction in extent of carious lesions 
observed in  group 4 was m arkedly greater 
than  either their 50% caloric restriction 
or their 43.7% decrease in  growth. The 
dental caries incidence in  group 5 pro
vided with food ad libitum  for 2 hours 
per day was closely sim ilar to the inci
dence of caries for the rats provided with 
65% of the norm al caloric consumption. 
No food consum ption records were kept 
for the anim als in  group 5. However, 
since the weight gains in  groups 3 and 
5 were very similar, presumably food con
sum ption in the 2 groups was similar. The 
84.0% reduction in  extent of caries for 
group 5 appears more likely to be related 
to the absence of food for 91.6% of the 
day than  to a 35% reduction in  calorie 
consumption.

The results of experim ent 2 are pre
sented in table 2. The weight gains for 
the control males and the females were 
normal. W hen the diet was provided only 
during the 43 daytime working hours, a 
highly significant reduction in  weight gain 
was observed among the males; among 
the females a reduction of lower statistical 
significance was observed. W hen diet 
2700 was fed for the 125 hours outside 
of norm al working hours (n ights and 
week ends) no significant penalty was 
imposed upon the weight gain in  either 
m ale or female. In groups 4, 5 and 6

where the diets were fed for four, three or 
two 24-hour days, respectively, followed 
by a single day of starvation, the weight 
gains of the males were progressively de
creased. Among the females in  these 3 
groups, no adverse influence upon weight 
gain was observed in  groups 4 and 5, but 
in group 6 a significant reduction in 
weight gain was observed. Since the food 
intake was not recorded in this experi
m ent, no values are available to indicate 
the relative am ounts of food consumed.

The occurrence of dental caries among 
the controls was typical of this strain . In 
group 2 where diet 2700 was provided 
only during our working hours, a highly 
significant reduction in dental caries oc
curred. This level of reduction was very 
comparable to that observed in the pre
vious experim ent in  groups 3 and 5: on 
the one hand where only 65% of the nor
m al calories was fed and on the other 
where the food was allowed only 2 hours 
per day. In group 3 where the diet was 
available outside of our working hours, 
the incidence of dental caries was slightly 
reduced. Only the reduction in the aver
age extent of carious lesions was statisti
cally significant (5%  level). W hen the 
rats in  groups 4 and 5 were fed diet 
2700 for 4 consecutive 24-hour days and 
starved on the fifth, no significant reduc
tions in  dental caries were observed, al
though slight trends in  this direction were 
noted. In group 6 where the ra ts were 
starved one day in  three, a statistically 
significant reduction was observed. This 
la tter result deserves special com m ent: 
the penalty with respect to weight gain 
was slightly greater for m ales in  group 6 
than  in  group 2 of this experim ent and 
for both m ales and females in  groups 3 
and 5 of experim ent 1. Yet the reduction 
in  dental caries for both males and fe
m ales in  group 6 was small compared 
with that in  these other groups. Thus the 
reduction in  dental caries incidence in 
group 6 appears to be clearly proportional 
to the longer hours that food was avail
able ra ther than  to the gain in  body 
weight, which was presumably propor
tional to the food consumed.

The relation of duration of food avail
ability to extent of carious lesions is 
shown in figure 1. This straight-line rela-
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s t a n d a r d  e r r o r s  o f  e a c h  m e a n .  T h e  n u m b e r  b e s id e  o r  a b o v e  e a c h  d a t u m  is  t h e  g r o u p  d e s ig 
n a t i o n  w i t h i n  e a c h  e x p e r im e n t .

tionship can be more clearly seen from 
graphic presentation of the results than  
from the absolute values in table 2. No 
comparable relationship was seen to exist 
between extent of carious lesions and gain 
in body weight, which is presumably 
closely indicative of caloric intake. These 
data strongly suggest that the length of 
time that food was available for the ra t 
to consume was more im portant than  
caloric insufficiency with respect to the 
occurrence of dental caries.

The results on food consum ption for 
experim ent 3 are presented (table 3) for 
the fifth experim ental week, which was 
typical of the entire experiment. In groups 
1, 2 and 3 where diets 2700, 2700 plus 
2% monosodium orthophosphate, or lab
oratory meal, respectively, were fed con
tinuously throughout the experim ent, food 
consum ption for m ales and females dur
ing the 16 night hours was 5 to 6 times 
as great as food consum ption during the 
8 daytime working hours. The relatively 
comparable total consum ption of the 3 
diets was consistent with their comparably 
high nutritional values and the relatively 
comparable caloric value per gram  of diet. 
In groups 4 and 5 where laboratory meal

was fed during the day, food consum ption 
more than  doubled for males and females, 
whereas the weight of sucrose or of su
crose plus 3% monosodium orthophos
phate eaten during the night hours was 
approximately one-half to two-thirds the 
weights of the 3 previous diets consumed 
at night by the rats in  groups 1, 2 and 3. 
Total food consumption by the ra ts in 
groups 4 and 5 was appreciably less than 
the total food consum ption in  groups 1, 2 
and 3. Increased consum ption of labora
tory m eal during the days was insufficient 
to compensate for decreased night con
sumption. In groups 6 and 7, the intake 
of sucrose or of sucrose plus 3% mono
sodium orthophosphate during the days 
was higher in  3 or 4 comparisons than 
with the 3 diets consumed by groups 1, 2 
and 3 during the daytime hours. Food 
consum ption of laboratory m eal at night 
in  groups 6 and 7 was approximately as 
high as night consum ption in  groups 1, 
2 and 3.

The influences of the experim ental pro
cedures in  experim ent 3 on gain in  body 
weight and dental caries are shown in 
table 4. The dietary modifications in 
groups 4 and 5 caused the only highly
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significant reductions in  weight gain. In 
group 7 where sucrose plus 3% mono- 
sodium orthophosphate was fed during 
the day and laboratory m eal at night, a 
lower weight gain for females was ob
served th a t was significant at the 2% 
level.

The occurrence of dental caries in  the 
control group of this experim ent was 
somewhat lower than  for experim ents 1 
and 2. In  group 2 where diet 2700 was 
supplemented with 2% monosodium or
thophosphate, a highly significant reduc
tion in  experim ental dental caries was 
observed. This influence was typical of 
m any experim ents where phosphate sup
plem entation of caries-producing diets had 
been evaluated previously (6 ) . W hen lab
oratory m eal was fed throughout the en
tire experim ent, a greater reduction in 
experim ental dental caries was observed. 
The low caries-producing ability of labora
tory m eal when fed as the only diet has 
also been reported (7 ) . In group 4 where 
laboratory m eal was fed during the work
ing hours and sucrose at night, a striking 
increase in  dental caries was observed 
over the control group. In group 5 where 
the sucrose was supplem ented with 3% 
monosodium orthophosphate, the dental 
caries rate was the same as in the control 
group, but was appreciably lower than  
was observed in  group 4 where the su
crose was not supplemented. In group 6 
where sucrose was fed during the working 
hours and laboratory m eal at night, the 
incidence of experim ental dental caries 
was significantly less than for the control 
group, but was more than  double the level 
for group 3. Evidently this brief exposure 
to sucrose during our working hours was 
adequate to adversely affect the caries 
process. W hen the sucrose in  group 7 
was supplem ented with monosodium or
thophosphate, again a reduction in experi
m ental dental caries was observed from 
that noted in otherwise comparable ani
mals in group 6. Thus in both groups 5 
and 7 monosodium orthophosphate acted 
as an  effective anti-caries agent when fed 
with sucrose only for a part of the day.

A comparison m ay serve to highlight 
the relationship between am ount of cario- 
genic agent consum ed and the length of 
time that the agent was available. In

group 6 the 8-hour consum ption of 3.6 g 
of sucrose by m ale rats or 3.5 g by female 
ra ts during the day caused an increase 
in extent of caries from the average score4 
of 4.4 +  in  group 3 to an average of
13.9 + . In contrast, in  group 4 the 16- 
hour consum ption of roughly twice as 
m uch sucrose, 6.5 g for m ales and 7.2 g 
for females, caused an increase in  caries 
score from  4.4 +  to 42.3 + . A sim ilar 
comparison may be m ade for groups 5 
and 7 where the sucrose was supple
m ented with 3% N aH2PCh.

D IS C U S S IO N

The striking influence of caloric restric
tion on the occurrence of dental caries 
has raised questions of interpretation in 
m any experim ents where reductions in 
dental caries incidence were accompanied 
by decreased rates of growth and altered 
levels of food consumption. If the reduc
tions in  growth rate in  an experim ental 
population could be traced to decreased 
food consum ption ra ther than  inefficient 
food utilization, was the reduction in  den
tal caries attributable to the reduced cal
oric intake ra ther than  to the experim en
tal variable? Larson and associates (8 )  
were concerned about this difficulty in 
interpretation of their studies on the in 
fluence of ethylenediam inetetraacetic acid 
injections on dental caries incidence. 
From their series of experim ents in  which 
3 caries-producing diets were fed ad libi
tum  for 8, 16 or 24 hours per day, they 
concluded that caries activity was directly 
related to the length of time food was 
available and not to the am ount of food 
consumed.

In the current experim ents conducted 
under quite different, more varied and 
possibly more rigorous feeding circum 
stances than  those of Larson et al., the 
direct relationship between caries activity 
and the length of time th a t food was 
available was re-affirmed. In experiments 
1 and 2, the relationship observed was less 
between caries activity and am ount of 
food consumed than  between caries activ
ity and length of time food was available. 
Probably additional support for the latter 
relationship could have been obtained if

4 A cco rd in g  to th e  “p lu s  sco r in g ”  m e th o d  o f S haw  
e t al. ( 4 ) .
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we had had the foresight to weigh food 
consum ption in  group 5 of experim ent 1 
and for all groups in  experim ent 2.

In our experim ent 3, which was an 
attem pt to determ ine the relative im pact 
of feeding diets of varying caries-produc
ing properties alternating day and night, 
the length of time that the cariogenic 
agent was available was again demon
strated to be a more im portant factor in 
the causation of dental caries than  the 
am ount consumed. W hen a caries-inhibit
ing agent was tested under these circum 
stances, its usefulness was observable 
when fed only with the cariogenic sub
stance ra ther than  throughout the entire 
24 hours.

For an  adequate interpretation of the 
relationship to dental caries of an experi
m ental variable that caused both a caries 
reduction and a reduced gain in  weight, 
an understanding of the influence upon 
food habits such as frequency of eating 
would probably be more im portant than  
a knowledge of the actual weight of food 
consumed. This evaluation would require 
a knowledge not only of how frequently 
eating had occurred but also how m uch 
had been consumed at each meal. Ac
tually, neither the experim ents of Larson 
et al. nor our experim ents 1 and 2 have 
explored the frequency of eating in  term s 
of the actual eating pattern  of the ra t with 
its frequent nibbling, especially during the 
night hours. More im portant than  the 
provision of food for 6 or 8 consecutive 
hours per day followed by prolonged star
vation in contrast with 16 or 24 hours 
per day would be the provision of food 15 
or 20 m inutes per hour throughout the 
day and night or for these brief periods 
for 4 hours followed by 2 hours of starva
tion. Such experim ents would be difficult 
or unreasonable without some adequate 
form of m echanization to replace techni
cal personnel.

On the surface, dilution of a cariogenic 
diet with a nutritionally inert substance 
such as cellulose 5 m ight be suggested as 
a procedure to require ra ts to consume 
more diet and possibly to eat more fre
quently in  order to obtain adequate cal
ories. Conclusions from an earlier study 
are relevant here (9 ) :  . . incorporation
if varying am ounts of cellu flour from 10

to 50% into the caries-producing diet did 
not cause any significant change in  the 
incidence of dental caries in  the white rat. 
The average rates of growth and average 
increases in  weight for the several groups 
were practically identical. Again the quan
tities of ration consumed increased in  pro
portion to the am ount of cellu flour.” 
Another experim ent in  the same study 
was conducted with cotton rats where the 
cariogenic diet had been diluted with as 
m uch as an equal weight of the cellulose 
without influencing the caries incidence. 
The answer to the question posed in  this 
present study is not obtained from  the 
above results. W hereas the feeding time 
and frequency probably increased appre
ciably with the increased food required, 
the cariogenicity of the diet would be ex
pected to decrease as a result of the 25 or 
50% decrease in  absolute concentration 
of sucrose in  the diets with high am ounts 
of cellulose.
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Comparisons of Casein and Soy Proteins upon Mineral 
Balance and Vitamin D2 Requirement of the Baby Pig * 1

E . R . M IL L E R , D . E .  U L L R E Y , C . L . Z U T A U T , J . A . H O E F E R  
a n d  R . L . L U E C K E
D e p a r tm e n t s  o f  A n i m a l  H u s b a n d r y  a n d  B i o c h e m is t r y ,  M ic h ig a n  S ta te  
U n iv e r s i t y ,  E a s t  L a n s in g ,  M ic h ig a n

A B S T R A C T  C o m p a r i s o n s  w e r e  m a d e  o f  t h e  e f f e c ts  o f  d i e t a r y  p r o t e in  s o u rc e  ( c a 
s e in  v e r s u s  i s o la te d  s o y  p r o t e i n )  u p o n  g r o w th ,  s e r u m  m i n e r a l  le v e l ,  s k e le ta l  d e v e lo p 
m e n t ,  m i n e r a l  b a l a n c e  a n d  v i t a m i n  D 2 r e q u i r e m e n t  o f  t h e  b a b y  p ig .  P u r i f i e d  c a s e in  
d ie ts  c o n t a i n i n g  z e r o ,  5 0  o r  1 0 0  IU  o f  v i t a m i n  D 2/ k g  o r  s o y  p r o t e in  d ie t s  c o n t a i n i n g  
5 0 , 1 0 0 , 2 5 0  o r  5 0 0  IU  o f  v i t a m i n  D 2/ k g  w e re  u t i l i z e d .  T h e  c a s e in  d ie t  c o n ta in in g  
1 0 0  IU  o f  v i t a m i n  D 2/ k g  g a v e  o p t im a l  v a lu e s  f o r  a l l  c r i t e r i a .  U s in g  th e s e  v a lu e s  a s  
s t a n d a r d s ,  5 0  IU  o f  v i t a m i n  D -/ 'k g  i n  a  c a s e in  d ie t  r e s u l t e d  o n ly  i n  s u b s t a n d a r d  s e r u m  
a n d  b o n e  M g  c o n c e n t r a t i o n .  L e v e ls  o f  v i t a m i n  D 2 o f  5 0  o r  1 0 0  I U / k g  i n  s o y  p r o t e in  
d ie ts  g a v e  s u b o p t im a l  v a lu e s  f o r  m a n y  o f  t h e  c r i t e r i a .  O n ly  s o y  p r o t e in  d ie t s  c o n t a i n 
in g  5 0 0  IU  o f  v i t a m i n  D 2/ k g  p r o d u c e d  o p t im a l  g r o w th  r a t e .  S oy  p r o t e i n  d ie t s  c o n t a i n 
in g  2 5 0  o r  5 0 0  IU  o f  v i t a m i n  D 2/ k g  g a v e  o p t im a l  c o n c e n t r a t i o n s  o f  s e r u m  C a , P ,  M g  
a n d  a lk a l in e  p h o s p h a t a s e  a c t iv i ty  a n d  b o n e  a s h .  P ig s  r e c e iv in g  so y  p r o t e in  d ie t s  e x 
c r e t e d  e x c e s s iv e  a m o u n t s  o f  f e c a l  C a ,  P  a n d  M g  r e s u l t i n g  i n  d e c r e a s e d  m i n e r a l  
r e t e n t i o n  a n d  t h i s  d e c r e a s e  w a s  n o t  o v e rc o m e  b y  i n c r e a s i n g  d ie ta r y  v i t a m i n  D 2 le v e ls  
i n  t h i s  s tu d y .  T h e  d a t a  i n d i c a t e  t h a t  t h e  v i t a m i n  D 2 r e q u i r e m e n t  o f  t h e  b a b y  p ig  
r e c e iv in g  p u r i f i e d  d ie ts  c o n t a i n i n g  i s o la te d  s o y b e a n  p r o t e i n  i s  g r e a t e r  t h a n  th e  10 0  
I U / k g  r e q u i r e m e n t  le v e l  o f  c a s e in  d ie ts  a n d  m a y  b e  s e v e r a l  t im e s  t h i s  le v e l  d e p e n d i n g  
u p o n  t h e  c r i t e r i a  s e le c te d ,  t h e  le v e l  o f  i s o la te d  s o y b e a n  p r o t e in  i n  t h e  d ie t  a n d  th e  
m e th o d  o f  i s o l a t i o n  o f  t h e  s o y b e a n  p r o t e in .

Comparisons of the proteins of milk and 
soybeans as sources of dietary protein for 
baby pigs have generally shown lower rates 
of bodyweight gain and reduced digestibil
ities of protein and total dry m atter in the 
diet by those anim als receiving soybean 
protein (1 -9 ) .  Digestibility of protein and 
energy of diets containing soybean protein 
improves in  pigs as their age increases 
from birth to 5 to 7 weeks of age (3, 5, 7,
9 -1 1 ). Soybean m eal (solvent 44 or 50% 
crude protein) has produced better growth 
rate in  young pigs than  isolated soybean 
protein in  semi-purified diets (5 ) . Supple
m entation of either soybean m eal or iso
lated soybean protein in  semi-purified diets 
with DL-methionine has improved growth 
rate in  young pigs (2, 4 ). Isolated soybean 
protein has rachitogenic activity for the 
chick (12, 13) which m ay be overcome by 
other fractions of soybean m eal or by in 
creased dietary vitam in D.

The present study was undertaken to 
compare the effect of purified casein and 
isolated soybean protein in  the diets of 
baby pigs upon calcium, phosphorus and 
m agnesium  balance and upon the dietary

vitam in D2 requirem ent of the baby pig. 
The criteria used were sim ilar to those of 
earlier studies (14, 15) which indicated 
that the dietary vitam in D2 requirem ent of 
baby pigs receiving casein diets is not 
greater than  100 IU/kg.

M A T E R IA L S  A N D  M E T H O D S

Two trials were conducted using 44 
Yorkshire-Hampshire crossbred pigs of 
either sex. Pigs were taken from their dam 
at one to three days of age and reared in 
m etal cages with wire m esh bottoms. 
Room tem perature was m aintained at 20° 
and infrared heat lam ps were utilized to 
m aintain  a cage tem perature of 30° dur
ing the first two or three weeks of either 
trial. All windows in  the room were 
covered with heavy opaque paper to elimi
nate the entrance of sunlight and there 
was no measurable intensity of ultraviolet 
energy at any point in the room as deter
m ined by a thermopile with a microvolt-

R ece ived  fo r  p u b lic a tio n  N o v em b er 13, 1964.
1 P u b lish e d  w ith  th e  a p p ro v a l o f th e  D ire c to r o f th e  

M ic h ig a n  A g ric u ltu ra l  E x p e r im e n t S ta tio n  as jo u rn a l 
a r tic le  no . 3505.

J. N u t r it io n , 8 5 : ’65 3 4 7
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TABLE 1

Composition of purified diets

C ase in  1 Soy 2

% %
P u r i f i e d  p r o t e in 3 0 ( 2 0 ) 3 2 9 .7 ( 1 9 .7 )  3
D L -M e th io n in e — 0 .3
L a r d 5 5
a -C e l lu lo s e  4 5 5
G lu c o s e  5 5 3 ( 6 3 ) 3 5 3  ( 6 3 ) 3
M in e r a l  m ix tu r e 6 6
C o rn  o i l 6 1 1
V i ta m in  m ix tu r e  7 + +

M in e r a l  m ix tu r e

%
KC1 1 0 .0
K I 0 .0 0 2
F e S 0 4-2 H 20 0 .7
C u S 0 4 0.1
C 0 C O 3 0.1
M n S C V H o O 0.1
Z n S O i-L L O 0 .4
M g C 0 3 2 5 .0
C a H P 0 4-2 H 20 3 6 .0 ( 4 2 .4 )  3
C a C 0 3 1 2 .5 ( 8 .8 )  3
G lu c o s e  5 1 3 .1 ( 1 0 .4 )  3

1 V itam in -F ree  C ase in , N u tr i t io n a l  B io eh em ica ls  
C o rp o ra tio n , C leveland .

2 ADM  C -l A ssay  p ro te in , A rch e r-D an ie ls-M id lan d  
C o m p an y , M in n eap o lis .

3 C h an g e d  to th is  v a lu e  d u r in g  f in a l  2 w eek s  o f 
e i th e r  tr ia l .

4 S o lka  F loe , B ro w n  C o m p an y , C hicago .
5 C erelose , C o m  P ro d u c ts  C o m p an y , A rgo, I llin o is .
6 M azo la , C o m  P ro d u c ts  C o m p an y , A rgo, I ll in o is .
7 See M ille r  e t  a l. (1 4 ) .

indicating amplifier.2 The purified diet 
and the methods of adjustm ent to the diet 
were sim ilar to those described in an ear
lier study (1 4 ). By one week of age the 
anim als had become well adjusted to both 
the diet and the environm ent and were as
signed to experim ental diets on the basis 
of size, sex and litter. The experim ental 
diets (table 1) contained either purified 
casein 3 or isolated soy 4 proteins. Soy pro
tein diets were complemented by the in 
clusion of 0.3% DL-methionine. Irradi
ated ergosterol5 was diluted in  the corn oil 
and supplied vitam in D2 levels of 50 or 100 
IU /kg  to casein and soy protein diets in 
the first trial and levels of 100, 250 or 500 
IU /kg of soy protein diets in the second 
trial. In addition, casein diets not supple
m ented with vitam in D were utilized in 
either trial to serve as negative control 
diets and a casein diet supplem ented with 
100 IU of vitam in D2/k g  was used again 
in  the second trial to serve as a positive

control since this diet had been proven to 
support optimal growth, skeletal develop
m ent and m ineral balance in the baby pig 
(14, 15). Constant dietary levels of cal
cium  (0.8%  ) and phosphorus (0.6%  ) 
were m aintained throughout the 5-week ex
perim ental period by alteration of the m in
eral m ixture when protein level was 
changed. W ith the exception of the time 
during which m ineral balance studies were 
conducted food and tap water were made 
available for individual ad libitum  con
sumption.

Blood was w ithdraw n on 3 occasions 
(initial, 3 weeks and final) during either 
trial from the anterior vena cava for the 
determ ination of levels of serum  calcium, 
inorganic phosphorus, m agnesium  and 
alkaline phosphatase activity by methods 
previously described (14, 16 -18). Deter
m inations of bone composition and 
strength were also by methods indicated 
in  these studies.

M ineral balance studies were conducted 
during the final 2 weeks of the second 
trial by methods described in  recent re 
ports (15, 19, 20). Two 3-day adjustm ent 
periods followed by separate collections of 
urine and feces were carried out for each 
pig with constant daily food intake. Food, 
feces and urine were analyzed for Ca, P 
and Mg concentration (15, 20). W ater 
intake was controlled during the balance 
studies am ounting to twice the weight of 
food intake. The drinking w ater analyzed 
25 ppm  of m agnesium  and this was taken 
into account in  the m agnesium  balance. 
The m ean values from the m agnesium  
analyses of casein and soy protein diets 
were 320 and 340 ppm, respectively.

Growth, serum and bone data  from the 
2 trials were combined and statistical 
analyses were carried out with application 
of D uncan’s (2 1 ) multiple range test to 
compare treatm ent means.

2 E p p ley  T h e rm o p ile  no . 5232, E p p ley  L a b o ra to r ie s , 
In c ., N ew p o rt, R . I., w ith  M icro v o lt In d ic a t in g  A m p li
fie r no. 9835-A, L eeds  a n d  N o r th ru p  C o m p an y , P h i la 
d e lp h ia .

3 V itam in -F ree  C ase in , N u tr i t io n a l  B io ch em ica ls  
C o rp o ra tio n , C lev e lan d .

4 ADM  C -l A ssay  P ro te in , A rch e r-D an ie ls-M id lan d  
C o m p an y , M in n eap o lis .

5 V iostero l, N u tr i t io n a l  B io ch em ica ls  C o rp o ra tio n . 
V ita m in  D 2 in  c o rn  oil, 400,000 U SP  u n i ts  v ita m in
D /g . P o ten cy  w a s  v e rified  in  o u r  la b o ra to ry  by  r a t  
lin e - te s t c o m p a ris o n  w ith  U SP v i ta m in  D 3 re fe re n c e
s ta n d a rd .  U SP R efe ren c e  S ta n d a rd s ,  N ew  Y ork.
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R E S U L T S  A N D  D IS C U S S IO N

The growth, serum and bone data from 
the 2 trials were combined and treatm ent 
m eans are presented in  table 2. Overt 
symptoms of rickets were evident in all of 
the pigs receiving no dietary vitam in D2 
by the end of either trial, but the severity 
did not appear as great as in  form er stud
ies (1 4 ) and only one of the pigs from 
the first trial died. Growth ra te was de
pressed in the vitam in D2-deficient ani- 
mals. Pigs receiving soy protein diets 
containing 50, 100 or 250 IU /kg  of dietary g  
vitam in D2 grew at a slightly suboptimal ®  
rate, whereas pigs receiving the soy pro
tein diet containing 500 IU /kg  or casein 
diets containing 50 or 100 IU /kg  of vita
m in D2 grew at an  optimal rate. Efficiency 
of food utilization was greatest in  those 
pigs which grew at an  optimal rate with 
a correlation coefficient of 0.82 (P <  0.01) 
between daily gain and gain-to-food par
ameters (table 2 ) of pigs in  this study.

Serum calcium concentration was de
pressed at the end of the trial in  pigs 
receiving the casern diet with no vitam in 
D2 and soy protein diets with 50 or 100 
IU /kg  of vitam in D2. Pigs receiving ca
sein diets containing 50 or 100 IU /kg  or 
soy protein diets containing 250 or 500 
IU /kg of vitam in D2 had norm al levels of 
serum  calcium concentration throughout 
the study. Serum inorganic phosphorus 
data are not presented because values of 
serum P concentration were depressed in 
only those pigs receiving no dietary vita
m in D2. Serum m agnesium  concentration 
became rapidly depressed in pigs receiving 
no vitam in D2 and less extensively de
pressed after 3 weeks of the trial in pigs 
receiving the casein diet containing 50 IU 
of vitam in D2/k g  and soy protein diets 
containing 50 or 100 IU of vitam in D2/kg.
Pigs receiving the other diets had nor
m al serum m agnesium  concentrations 
throughout the study. Serum alkaline 
phosphatase activity was significantly ele
vated only in  pigs receiving no dietary 
vitam in D2; however, there was a tend
ency toward elevated activity also in  the 
pigs receiving soy protein diets containing 
50 or 100 IU /kg  of vitam in D2.

Hum eral ash data indicate the depres
sion in  bone m ineralization which occurs 
when vitam in D is lim iting in  the diet.

D EVIATION, c m

F ig . 1 L o a d - d e v ia t io n  c u r v e s  o f  b a b y  p ig s  
r e c e i v in g  c a s e in  ( c )  o r  i s o la te d  s o y  p r o t e in  ( s )  
d ie ts  c o n t a i n i n g  v a r io u s  le v e ls  o f  v i t a m i n  D 2 
( I U / k g ) .

This is apparent from the values of h u 
m eral ash, calcium, phosphorus and m ag
nesium  of pigs receiving no dietary vita
m in D2 or pigs receiving the soy protein 
diet supplem ented with 50 IU of vitam in 
D2/kg. There is also a significantly re
duced m agnesium  level in hum eri of pigs 
receiving the casein diet supplem ented 
with 50 IU of vitam in D2/kg. Fem ur load- 
deviation curves obtained from breaking- 
strength studies are presented in figure 1. 
The degree of influence which dietary 
vitam in D2 level in casein diets has upon 
these characteristic curves is pronounced. 
Much less pronounced is the influence of 
vitam in D2 level in  soy protein diets in 
differentiating the characteristic load-devi
ation curves. The strength of the fem ur 
is due largely to the diam eter of the shaft 
and the thickness of the compact layer of 
bone beneath the periosteum. The pic
tures of cross-sections of the fem urs of 
pigs in  this study (fig. 2) reveal the tend
ency toward a greater degree of form ation
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F ig . 2  T h e  u p p e r  p i c tu r e s  ( 1 - 3 )  a r e  p h o to g r a p h s  ( 2  X ) o f  c ro s s - s e c t io n s  o f  t h e  f e m u r s  f r o m  
p ig s  r e c e iv in g  1 )  c a s e in  d ie t  w i th  n o  d i e t a r y  v i t a m i n  Do, 2 )  s o y  p r o te in  d ie ts  w i th  10 0  IU  o f  v i t a 
m in  D o /k g  a n d  3 )  c a s e in  d i e t  w i th  10 0  IU  o f  v i t a m i n  D 2/k g .  T h e  lo w e r  p i c tu r e s  ( l a - 3 a )  a r e  
p h o to m ic r o g r a p h s  ( 2 0  x ) o f  s e g m e n ts  o f  t h e s e  s e c t io n s .  N o te  th e  e s s e n t i a l  a b s e n c e  o f  c o m p a c t  
b o n e  in  1 a n d  l a  a n d  th e  s p o n g y  a p p e a r a n c e  o f  b o th  t h e  c o m p a c t  a n d  c a n c e l lo u s  a r e a s .  S im i la r  
s p o n g y  a r e a s ,  a l t h o u g h  le s s  e x te n s iv e ,  m a y  b e  o b s e r v e d  in  2  a n d  2 a . T h e  b o n e  i n  3 a n d  3 a  h a s  
a  d e n s e ,  n e a r ly  a m o r p h o u s ,  a p p e a r a n c e .

of compact bone by pigs receiving a casein 
diet containing 100 IU of vitamin D2/kg  
than  by pigs receiving a soy protein diet 
with an identical dietary vitam in D2 level.

Results of the m ineral balance studies 
are presented in table 3. Food intake and 
consequent m ineral intake was less for 
pigs receiving no dietary vitam in D2. Pigs 
consuming the casein diet containing 100 
IU of vitam in D2/k g  exhibited Ca, P and 
Mg balance patterns similar to those of 
anim als receiving adequate diets in pre
vious studies (15, 20). Pigs receiving the 
soy protein diets excreted greater am ounts 
of fecal Ca, P and Mg. Increasing the 
concentration of dietary vitam in D2 was 
not effective in  overcoming the excessive 
fecal m ineral excretion. The cause of de
creased apparent m acrom ineral absorp
tion from soy protein diets compared with 
casein diets containing adequate vitamin

D as determined by other criteria m ust of 
necessity be ascribed to the nature of the 
protein. Isolated soy protein diets have 
been shown to be less permissive of ap
parent trace m ineral absorption than  sim
ilar diets in  which casein is the principal 
protein source (6, 22, 23). The poorly 
utilized phytate of soy protein also effec
tively binds the macro cations, that is, Ca 
and Mg (2 4 ). The relative unavailability 
of the P of phytate compared with the 
availability of P from several inorganic 
sources has been dem onstrated (2 5 ). On 
the other hand, the P of casein is fully as 
available as P from inorganic phosphate 
sources (2 6 ). In the present study the 
portion of dietary P supplied by either 
casein or soy protein am ounted to about 
23% since both the casein and soy pro
teins analyzed approximately 0.7% of P. 
Spitzer and Phillips (27 ) have shown that
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TA BLE 3
D a ily  c a lc iu m ,  p h o s p h o r u s  a n d  m a g n e s i u m  e x c r e t io n  a n d  r e t e n t io n  a s  a f f e c t e d  b y  ty p e  o f  p r o te in

a n d  le v e l  o f  v i t a m i n  D 2

T ype o f p ro te in C ase in C ase in Soy Soy Soy

D ie ta ry  leve l of 
v ita m in  D 2 , IU /k g 0 100 100 250 500

No. o f co lle c tio n s 8 8 8 8 8

D a i ly  fo o d  i n t a k e ,  g 2 8 8  ± 1 3  1 3 9 2  ±  3 0 aa 4 0 3  ±  2 4 aa 3 8 4  ±  2 6 an 4 1 2 ± 2 0 aa

C a  b a la n c e ,d a i ly
C a  i n t a k e ,  g 2 .3 0  ±  0 .1 0 3 .1 3  ±  0 .2 4 “ 3 .2 2  ±  0 .1 9 aa 3 .0 8  ±  0 .2 1 aa 3 .3 0  ± 0 . 1 6 aa
F e c a l  C a , g 0 .6 5  ± 0 . 0 8 0 .4 0  ± 0 . 0 7 0 .8 3  ±  0 .1 5 a 0 .7 3  ±  0 .1 1 a 0 .9 7  ±  0 .1 3 aa
U r in a r y  C a , m g 3 ±  0 1 8 ± 6 a 10  ±  2 23  ±  7a 19 ±  5 a
C a  r e t e n t io n ,  g 1 .6 5  ±  0 .0 9 2 .7 1  ±  0 .1 9 aa 2 . 3 4 ± 0 . 1 7 “a 2 . 3 2 ±  0 .2 0 aa 2 .3 1  ± 0 . 0 9 “
C a  r e t e n t io n ,  % 7 2  ± 3 8 7  ± 1 “ 7 4 ± 4 7 5 ± 3 71  ±  3

P  b a la n c e ,  d a i ly
P  i n t a k e , g 1 .7 2  ±  0 .0 8 2 .3 5  ±  0 .1 8 aa 2 .4 1  ±  0 .1 4 aa 2 .3 0  ±  0 .1 6 aa 2 .4 7  ±  0 .1 2 “
F e c a l P ,  g 0 .3 0  ±  0 .0 2 0 .2 5  ± 0 . 0 3 0 .6 2  ±  0 .1 0 1’1’ 0 .5 5  ±  0 .0 8 aa"b 0 .7 4  ±  0 .0 9 bb
U r in a r y  P ,  g 0 .2 1  ± 0 . 0 3 0 .3 4  ±  0 .0 5 bb-c 0 . 1 0 ±  0 .0 4 0 . 1 1  ±  0 . 0 3 0 .3 1  ±  0 .0 4 bb
P  r e t e n t i o n ,  g 1 .21  ± 0 . 0 6 1 . 7 6 ± 0 .1 3 aa 1 . 6 9 ± 0 .1 1 aa 1 .6 4  ±  0 .1 2 “a 1 . 6 2 ±  0 .0 7 “
P  r e t e n t i o n ,  % 70  ± 4 77  ± 2 70  ± 4 7 2  ± 3 6 7  ± 3

M g  b a l a n c e ,  d a i ly
M g  i n t a k e ,  m g 1 0 6  ±  5 1 4 5 ±  l l aa 1 58  ±  1 0 aa 15 0  ±  1 0 aa 161  ±  9 aa
F e c a l  M g , m g 4 8  ± 4 6 3  ± 1 0 1 0 6  ±  1 6 aa' b 8 3  ±  1 6 a 93  ±  1 0 “
U r in a r y  M g , m g 1 ±  0 4  ±  1“ 2  ±  1 5 ±  2 a 5 ±  2 a
M g  r e t e n t i o n ,  m g 5 7 ±  4 7 8  ± 5 » 5 0  ±  11 6 2  ± 1 2 6 3  ± 4
M g  r e t e n t i o n ,  % 53  ±  3 a 5 6  ±  4 “ .» 3 3  ± 7 41  ±  6 4 0  ± 2

1 M ean  ±  s e .
a S ig n ific an tly  g re a te r  th a n  le a s t  v a lu e  (P  <  0 .0 5 ); aa P  <  0.01. 
b S ig n ific an tly  g re a te r  th a n  le a s t  tw o  v a lu e s  (P  <  0 .0 5 ) ; bb P  <  0.01. 
c S ig n ific an tly  g re a te r  th a n  le a s t  th re e  v a lu e s  (P  <  0 .05 ). 
d S ig n ific an tly  g re a te r  th a n  a ll o th e r  v a lu e s  (P  <  0 .01 ).

58% of the P in soybean m eal is in the 
form of phytin or phytate which was read
ily available to the ra t due to the activity 
of intestinal phytase (2 8 ). Singsen and 
Mitchell (29 ) observed that soybean meal 
rations for chicks need no supplem ental 
inorganic P when phytase from field-cured 
leaf m eal and vitam in D are provided. 
On the other hand McGinnis et al. (30) 
observed poor utilization of phytin P by 
chicks even when adequate phytase was 
available. Dietary vitam in D has been 
shown to be particularly essential in  the 
utilization of phytate P (3 1 ). Intestinal 
phytase activity in the very young pig has 
not been measured. Data in the present 
study suggest that perhaps the intestinal 
phytase activity of baby pigs reared with 
purified diets is inadequate to digest the 
phytate present in soy protein, thus failing 
to make available for absorption the P of 
phytate as well as the cations which it 
effectively binds. Dietary vitam in D. does 
not appear to be effective in the absorp

tion of Ca, P and Mg which are incor
porated in or combined with phytate.

From the standpoint of obtaining opti
mal utilization of the Ca, P and Mg which 
are absorbed for optimal growth, serum 
and bone m ineral levels and skeletal de
velopment, it m ust be concluded that the 
dietary vitamin D2 requirem ent for baby 
pigs reared with purified diets containing 
casein as the protein source is confirmed 
to be 100 IU /kg  (1 4 ) and that the m ini
mal vitam in D. requirem ent is increased 
when isolated soybean protein replaces 
casein in the diet. The extent of this re 
quirem ent increase appears to depend 
greatly upon the criteria of adequacy se
lected. The studies of Carlson and co
workers (12, 13) with poults also indicate 
that the dietary vitam in D requirem ent is 
dependent upon the dietary level of iso
lated soybean protein. Recent work 6 indi
cated that this is also true with the baby 
pig and that the method used in  isolating

6 U n p u b lish ed  d a ta .
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the soybean protein m ay also be a factor 
in the vitam in D2 requirem ent level of 
prepared diets. This work is presently 
receiving fu rther study.
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Influence of Varying Levels of Dietary Minerals on the 
Development of Urolithiasis, Hair Growth, 
and Weight Gains in Rats

J .  D . R O B B IN S ,* 1 R . R . O L T J E N , C . A. C A B E L L  a n d  E . H . D O L N IC K
U n i te d  S ta te s  D e p a r tm e n t  o f  A g r ic u l tu r e ,  A n i m a l  H u s b a n d r y  R e s e a r c h  
D iv is io n ,  A R S ,  B e l t s v i l l e , M a r y la n d

A B S T R A C T  C a l c iu m  a t  v a r y in g  le v e ls  ( 0 .3  a n d  1 .2 %  ) ,  p h o s p h o r u s  ( 0 .3  a n d  1 .2 %  ) ,  
p o t a s s iu m  ( 0 .1 ,  0 .2 , a n d  0 .9 %  ) ,  m a g n e s iu m  ( 0 .0 5 ,  0 .2 ,  a n d  0 .5 %  ) ,  a n d  s o d iu m  ( 0 .0 5  
a n d  0 .8 1 %  ) w e re  f e d  to  r a t s  i n  o r d e r  to  p r o d u c e  a  m a g n e s iu m - p h o s p h a te  ty p e  o f  u r i 
n a r y  c a l c u l i .  A  d ie t  c o n ta in in g  0 .3 %  c a l c iu m ,  1 .2 0 %  p h o s p h o r u s ,  0 .1 %  p o ta s s iu m ,  
0 .5 %  m a g n e s iu m ,  a n d  0 .8 1 %  s o d iu m  p r o d u c e d  a  h ig h  in c id e n c e  o f  u r o l i t h i a s i s  w i t h i n  
a  7 0 -d a y  p e r io d .  U r o l i t h ia s i s  d id  n o t  o c c u r  w h e n  th e  le v e l  o f  a n y  o f  th e  i n d iv id u a l  
m in e r a l s  w a s  v a r i e d  f r o m  th e  le v e ls  i n  th e  c a l c u lo g e n ic  d ie t .  P h o s p h a te  d a m a g e  to  th e  
k id n e y s  o c c u r r e d  w i th  th e  lo w  c a l c iu m ,  h ig h  p h o s p h o r u s  d ie ts .  S p e c if ic  p a t t e r n s  o f 
h a i r  g r o w th  w e r e  p r e s e n t  o n  r a t s  r e c e iv in g  th e  lo w  p o ta s s iu m  d ie ts .  W e ig h t  g a in s  w e re  
s ig n i f i c a n t ly  a f f e c te d  b y  c a l c iu m ,  p h o s p h o r u s ,  a n d  p o ta s s iu m  le v e ls .  S ig n i f i c a n t  i n t e r 
a c t io n s  ( P  <  0 .0 1 )  o c c u r r e d  b e tw e e n  le v e ls  o f  c a l c iu m  a n d  p h o s p h o r u s ,  c a l c iu m  a n d  
p o ta s s iu m ,  p h o s p h o r u s  a n d  p o ta s s iu m ,  a n d  p h o s p h o r u s  a n d  m a g n e s iu m  i n  t h e i r  e f fe c t  
o n  g ro w th .

The role of dietary constituents in  the 
development of urolithiasis in  anim als is 
complicated in that the disease varies with 
the absolute am ounts of these nutrients in 
the diet and may be related to interrela
tionships among the various nutrients. 
Also, dietary factors influence the composi
tion of the uroliths in ra ts to the extent 
that calcium citrate calculi are produced 
by feeding diets low in phosphorus (1 -3 ) . 
Calcium oxalate calculi have been reported 
to occur in rats fed low phosphorus diets
(4 )  or in ra ts fed vitam in B6-deficient diets 
containing varying levels of phosphorus 
and m agnesium  (5 ) . Dietary protein of 
poor quality has been implicated in the 
etiology of calcium stones (6 ) . Rats fed 
diets high in phosphorus and m agnesium  
have been prone to develop calculi of the 
m agnesium -phosphate type (7, 8 ). More
over, tissue calcification has occurred in 
rats and other anim als under a variety of 
dietary conditions (9 ).

The purpose of the studies reported here
in was to determ ine the effects of wide cal- 
cium-to-phosphorus ratios in  the presence 
of high and low dietary intakes of m ag
nesium  and potassium  on the development 
of urolithiasis in rats. Interactions among 
the levels of the dietary m inerals on hair

growth, kidney abnormalities, and weight 
gains are also discussed.

M E T H O D S

Three trials were conducted with 226 
male ra ts averaging 45 g initial body 
weight. The anim als were assigned at 
random  to treatm ents, with a m axim al 
variation of 4 g allowed for any individual 
anim al and a m axim al age difference of 
3 days. The rats were housed in individual 
cages in  an air conditioned room m ain
tained at 26°. Feed and tap water were 
provided ad libitum, and weekly weight 
and feed consumption records were m ain
tained on each rat. The length of the ex
perim ental periods was 98, 70, and 84 
days for trials 1, 2, and 3, respectively. At 
the end of each trial, the rats were killed 
and the kidneys and urinary tracts ex
amined with a dissecting microscope for 
the presence of urinary calculi. Rats show
ing signs of urolithiasis were killed during 
the experim ental periods. Isolated calculi 
from individual rats were air - dried, 
weighed, and combined into a composite

R eceived  fo r  p u b lic a tio n  D ecem b er 7, 1964.
1 P re s e n t a d d re ss : M etab o lism  a n d  R a d ia tio n  R e

s e a rc h  L ab o ra to ry , A g r ic u ltu ra l  R esea rch  Serv ice , U.S. 
D e p a r tm e n t o f A g ric u ltu re , S ta te  U n iv e rs ity  S ta tio n , 
F a rg o , N o rth  D ak o ta  58103.
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TA BLE 1

C o m p o s i t i o n  o f  d ie ts  f e d  to  r a ts  i n  tr ia ls  1 , 2  a n d  3

%
P r o te i n  1 2 3 .0
S o y b e a n  o il 5 .0
V i ta m in  m ix  2 2 .2
D L -M e th io n in e 0 .3
C e l lu lo s e  3 2 .0
B a s a l  m in e r a l  m ix  4 0 .0 1 2
B u ty la te d  h y d r o x y to lu e n e 0 .0 2 5
A d d i t io n a l  m in e r a l s  5 —
C o r n s t a r c h  6 —

1 ADM  C -l A ssay  P ro te in , A rch er-D an ie ls-M id lan d  
C o m p an y , M in n eap o lis .

2 W h en  in c lu d e d  in  th e  d ie t a t a  leve l o f 2 .2 % , th e  
v ita m in  m ix  s u p p lie d  th e  fo llo w in g  v ita m in s  in  m g /k g  
o f d ie t: r ib o f la v in , 22; p y rid o x in e -H C l, 22; th ia m in e -  
HC1, 22; C a p a n to th e n a te ,  66 ; n ia c in , 99; ¡p-amino- 
ben zo ic  a c id , 110; a -tocophero l, 110; a sco rb ic  ac id , 
900 ; in o s ito l, 110; c h o lin e  c h lo rid e , 1600; m e n a d io n e , 
50; b io tin , 0 .4; fo lic  a c id , 1.9; a n d  v ita m in  B 12, 0.03. 
A lso v ita m in  A, 20 ,000 U SP u n i ts  a n d  v i ta m in  D, 
2200 U SP u n i t s /k g  o f d ie t.

3 Solka-F loc (B W -4 0 ), B ro w n  C o m p an y , B er lin , N ew  
H a m p sh ire .

4 W h en  in c lu d e d  in  th e  d ie t a t  0 .0 1 2 % , th e  m in e ra l  
m ix tu re  c o n tr ib u te d  th e  fo llo w in g  m in e ra ls  in  g /k g  o f 
d ie t: F e S 0 4-7H 20 ,  1.005; KI, 0 .03; M n S 0 4-7H 20 ,  0.15; 
Z nO , 0 .0060; C u S 0 4-5H 20 ,  0 .018; a n d  CoCl2-6H 20 ,  
0.0007.

5 A d d itio n a l m in e ra ls  w ere  su p p lie d  to  o b ta in  th e
d e s ired  m in e ra l  lev e ls  in  th e  d ie ts  by  u s in g  a  se lec ted  
co m b in a tio n  fro m  th e  fo llo w in g  re a g e n t g ra d e  c h em 
ic a ls : C a3 (P 0 4) 2, KsP 0 4, N a H 2P 0 4, CaCOs, KC1,
N a H 2P 0 4-H 20 ,  K H 2P 0 4, K2H P 0 4, M g C 0 3, M gC l2, H 3P 0 4, 
a n d  N aC l.

6 T h e  p e rc e n ta g e  o f  c o rn s ta rc h  v a rie d  acc o rd in g  to 
th e  a d d it io n a l m in e ra ls  added .

sample w ithin a single treatm ent. The 
uroliths were ashed and chemical deter
m inations were made for calcium (1 1 ), 
phosphorus (1 2 ), and m agnesium  (13).

The ingredients used in the experim en
tal diets are shown in table 1. Chemical 
analyses (14 ) were made on the diets in 
trial 1 (table 2 ), and the m ineral levels in 
trials 2 and 3 were calculated since the 
same sources of ingredients were used for 
all trials.

The factors tested in  trial 1 (treatm ents 
1—8, table 2) were calcium (0.30 and 
1.20% ) phosphorus (0.30 and 1.20% ) 
and potassium  (0.10 and 0.90% ) in  a 23 
factorial arrangem ent of treatm ents. Two 
additional treatm ents were added to this 
trial. Treatm ents 9 and 10 were replica
tions of treatm ents 2 and 7 except that the 
potassium  level was raised to 0.20% . The 
data from these treatm ents (9 and 10) 
were not included in the statistical anal
ysis. Trial 2 contained the same factors as 
trial 1 at their respective levels with m ag
nesium  added as another factor at levels 
of 0.05 and 0.50% and was designed as 
a 24 factorial arrangem ent of treatm ents.

Trial 3 was designed as a 22 factorial 
arrangem ent of treatm ents to test the 
effect of sodium and chlorine variation on 
urolithiasis development. Treatm ent 21, 
which contained 0.81% sodium and 
0.30% chlorine, was repeated in trea t
m ent 27. Sodium (0.05% ) and chlorine 
(0.004%  calculated) were tested in  ap
propriate combinations in  the rem aining
3 diets of trial 3. The salt m ixtures were 
added at the expense of cornstarch in 
these trials. The num ber of rats used per 
treatm ent was 9, 6, and 10 for trial 1, 2, 
and 3, respectively.

Analysis of variance was used for statis
tical evaluation of the data.

R E S U L T S  A N D  D IS C U S S IO N

Incidence and composition of calculi. 
Urolithiasis occurred in the rats in only
4 of the 30 treatm ents (table 2 ). Diets 
which were calculogenic contained the 
low levels of calcium and potassium  and 
the high levels of phosphorus and m ag
nesium. Twenty-three of the 26 rats fed 
the low calcium, low potassium, high phos
phorus, high magnesium , and high sodium 
diets developed calculi, whereas only 1 of 
20 rats had urolithiasis when the sodium 
content was reduced to 0.05% .

The calculi observed either in  the kid
neys or bladder had similar physical char
acteristics and appeared white and chalky 
after air-drying. A total calculi weight of 
49 mg, 189 mg, and 408 mg was collected 
from rats receiving diets 21, 27, and 29, 
respectively. A small calculus in an ani
mal fed diet 28 was not large enough to 
permit chemical analysis. The calculi were 
of similar chemical composition (table 3) 
and contained approximately 1.5% cal
cium, 15.9% phosphorus, and 10.5% m ag
nesium. They were comparable in chem i
cal composition to those which have been 
produced experimentally in sheep by the 
use of diets high in phosphorus and potas
sium (10). Vermeulen et al. (8 )  produced 
calculus form ation of the magnesium- 
phosphate type in  rats by im planting for
eign bodies in the urinary bladder.

In the present studies, the development 
of calculi was dependent on a ra ther spe
cific set of dietary m ineral levels (Ca, 
0.30% ; P, 1.20% ; Mg, 0.50% ; K, 0.10% ; 
and Na, 0 .81% ). These diets contained
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TA BLE 2

M in e r a l  c o m p o s i t i o n  o f  d ie ts ,  g r o ss  k i d n e y  o b s e r v a t io n s  a n d  7 0 -d a y  w e i g h t  g a in s  o f
r a ts  i n  t r ia ls  1 , 2  a n d  3

Trf.atrr.pm t N o - o i  D ie ta ry  m in e ra l  co m p o sitio n  G ross k id n e y  o b se rv a tio n sT r ia l  t r e a tm e n t  r a t s / ------- „-----------------------; r.-~ - 7 * ^ - 4 ____ m  ------------------------------------------------------ Avg w t
g ro u p  tre a tm e n t  C a P  M g K N a  Cl N o rm  : C -  B ;l P  4 E 5 CB° f  g a m

% % % % % % 9
1 9 1 .20 1 .20 0 .2 0 0 .9 0 0 .3 3 0 .3 0 7 0 0 0 2 0 2 8 3
2 9 1 .2 0 1 .2 0 0 .2 0 0 .1 0 0 .4 6 0 .3 0 7 0 0 0 2 0 2 0 0
3 9 1 .2 0 0 .3 0 0 .2 0 0 .9 0 0 .2 0 0 .5 0 9 0 0 0 0 0 2 7 7
4 9 1 .20 0 .3 0 0 .2 0 0 .1 0 0 .2 9 0 .3 0 9 0 0 0 0 0 2 0 7
5 9 0 .3 0 1 .2 0 0 .2 0 0 .9 0 0 .4 5 0 .3 0 3 0 0 6 0 0 2 5 1
6 9 0 .3 0 0 .3 0 0 .2 0 0 .9 0 0 .2 0 0 .5 0 9 0 0 0 0 0 2 8 7
7 9 0 .3 0 1 .2 0 0 .2 0 0 .1 0 0 .8 1 0 .3 0 1 0 0 8 0 0 12 6
8 9 0 .3 0 0 .3 0 0 .2 0 0 .1 0 0 .2 0 0 .3 0 9 0 0 0 0 0 2 3 1
9 9 1 .2 0 1 .2 0 0 .2 0 0 .2 0 0 .2 6 0 .3 9 3 0 0 0 6 0 2 7 3

10 9 0 .3 0 1 .2 0 0 .2 0 0 .2 0 0 .61 0 .3 9 0 0 0 9 0 0 2 1 3

11 6 1 .20 1 .20 0 .5 0 0 .9 0 0 .3 3 0 .3 0 6 0 0 0 0 0 2 7 6
12 6 1 .2 0 1 .20 0 .0 5 0 .9 0 0 .3 3 0 .3 0 5 0 0 0 1 0 2 5 8
13 6 1 .2 0 1 .2 0 0 .5 0 0 .1 0 0 .4 6 0 .3 0 6 0 0 0 0 0 2 1 9
14 6 1 .20 1 .20 0 .0 5 0 .1 0 0 .4 6 0 .3 0 3 0 0 0 3 0 185
15 6 1 .20 0 .3 0 0 .5 0 0 .9 0 0 .4 0 0 .5 0 6 0 0 0 0 0 2 11
16 6 1 .20 0 .3 0 0 .0 5 0 .9 0 0 .4 0 0 .5 0 6 0 0 0 0 0 2 4 4
17 6 1 .20 0 .3 0 0 .5 0 0 .1 0 0 .2 9 0 .3 0 6 0 0 0 0 0 2 2 6
18 6 1 .2 0 0 .3 0 0 .0 5 0 .1 0 0 .2 9 0 .3 0 6 0 0 0 0 0 2 3 9
19 6 0 .3 0 1 .2 0 0 .5 0 0 .9 0 0 .4 5 0 .3 0 6 0 0 0 0 0 2 5 8
2 0 6 0 .3 0 1 .2 0 0 .0 5 0 .9 0 0 .4 5 0 .3 0 5 0 0 0 1 0 2 4 0
21 6 0 .3 0 1 .2 0 0 .5 0 0 .1 0 0 .8 1 0 .3 0 0 2 2 4 1 4 162
2 2 6 0 .3 0 1 .20 0 .0 5 0 .1 0 0 .8 1 0 .3 0 4 0 0 0 2 0 137
2 3 6 0 .3 0 0 .3 0 0 .5 0 0 .9 0 0 .2 0 0 .5 0 6 0 0 0 0 0 2 6 0
2 4 6 0 .3 0 0 .3 0 0 .0 5 0 .9 0 0 .2 0 0 .5 0 6 0 0 0 0 0 2 6 6
2 5 6 0 .3 0 0 .3 0 0 .5 0 0 .1 0 0 .2 0 0 .3 0 6 1 0 0 0 1 2 2 3
2 6 6 0 .3 0 0 .3 0 0 .0 5 0 .1 0 0 .2 0 0 .3 0 6 0 0 0 0 0 2 1 9

2 7 10 0 .3 0 1 .2 0 0 .5 0 0 .1 0 0 .8 1 0 .3 0 5 3 9 1 4 9 17 7
2 8 10 0 .3 0 1 .20 0 .5 0 0 .1 0 0 .0 5 0 .3 0 10 0 1 0 0 1 2 0 8
2 9 10 0 .3 0 1 .2 0 0 .5 0 0 .1 0 0 .8 1 0 .0 0 0 4 8 2 0 10 7 150
3 0 10 0 .3 0 1 .20 0 .5 0 0 .1 0 0 .0 5 0 .0 0 10 0 0 0 0 0 188

1 N o rm  in d ic a te s  a  n o rm a l g ross a p p e a ra n c e  o f k id n ey s.
2 C in d ic a te s  c a lc u li  ob serv ed  g rossly  in  k id n ey .
3 B in d ic a te s  c a lc u li  o b serv ed  in  th e  u r in a ry  b la d d e r .
4 P  in d ic a te s  th a t  k id n e y s  sh o w ed  th e  g ross a p p e a ra n c e  o f p h o s p h a te  d am ag e .
5 E  in d ic a te s  e n la rg e m e n t o f k id n e y s  w ith o u t o th e r  s igns  o f ab n o rm a lity .
6 C o r B in d ic a te s  c a lc u li  fo u n d  e i th e r  in  th e  k id n e y  o r b la d d e r  o r both .
7 Seven  a n im a ls  d ied  w ith  ru p tu r e d  b la d d e rs  d u e  to  c a lcu li b lo ck ag e  d u r in g  th e  ex p e r im e n t.

levels of calcium, phosphorus, and m ag
nesium  which have been previously re
ported to be calculogenic (7 ) . Unexpect
edly, a low level of potassium  was the 
critical factor in the development of uro
lithiasis in the ra t instead of the high die
tary potassium  intake which increased the 
incidence of urolithiasis in sheep when 
combined with a high level of dietary 
phosphorus. However, a potassium  defi
ciency has been shown to affect markedly 
the physiology of the ra t kidney by causing 
the production of lysosomes in the cyto
plasm of cells of the renal papillae with 
increased acid phosphatase in papillary tis
sue (1 5 ). Also, granules containing an 
acid mucopolysaccharide appear in the

collecting tubule cells of potassium-defi
cient rats (16 ). Unfortunately, the previ
ous work (15, 16) apparently was con
ducted with a salt m ixture deficient in 
other m inerals besides potassium. In the 
present studies careful attention was given 
to the preparation of the salt m ixtures to 
obtain a ration low in potassium , yet ade
quate in all other nutrients. Mucopolysac
charides and other mucoid substances have 
been implicated in urolithiasis as part of 
the organic m atrix of calculi (17 ).

The alternate levels of the m inerals in 
the factorial treatm ents, when changed 
singly, did not result in calculogenic diets 
with the exception of the sodium level. 
The low sodium level (0 .0 5 % ) signifi-
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TA BLE 3

P e r c e n ta g e  a s h ,  c a lc iu m ,  p h o s p h o r u s  a n d  m a g n e s i u m  o f  c a lc u l i  f r o m  r a ts  i n  t r ia ls  2  a n d  3

T re a tm e n t
g roup A sh C alc iu m P h o sp h o ru s M ag n es iu m

% % % %

21 a n d  2 7 7 4 .9 1.4 15.1 1 0 .6
29 7 2 .2 1 .6 1 4 .9 1 0 .5

cantly lowered ( P < 0 .0 1 )  the calculo- 
genicity of the diets in trial 3. A potassium 
deficiency has been shown to be exagger
ated when sodium was fed at a level of 
1.0% (18). The reduction of urolithiasis 
in rats fed the low sodium diets was, there
fore, probably the result of a less severe 
deficiency of potassium in these animals 
than those fed the high sodium diets.

Gross kidney abnormalities. Phosphate 
damage of the kidneys was observed in 
each of the 3 trials (table 2). Abnormal 
appearance of the kidneys included over
all enlargem ent with necrosis in the corti
cal areas and the outer surfaces showing 
num erous indentations. The renal structure 
exhibited marked lesions in the cortical and 
m edullary areas as described previously

F i g .  1 S y m m e t r i c a l  h a i r  p a t t e r n  s h o w n  b y  l o w  d e n s i t y  a r e a  a l o n g  t h e  b a c k  o f  r a t  f e d  t h e  l o w  
p o t a s s i u m  d i e t  f o r  3 2  d a y s .
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(19). A low calcium, high phosphorus ratio 
with the m edium  level of m agnesium  was 
more conducive to phosphate damage than 
the high level of m agnesium. Renal dam 
age was absent in  rats fed diets containing 
0.05% magnesium . Gross enlargem ent of 
the kidneys occurred most frequently in 
rats receiving calcium and phosphorus 
at the high levels. Kidney enlargem ent did 
not appear to be related to renal phos
phate damage and neither of these condi
tions was related to the development of 
urolithiasis.

Hair growth patterns. Rats fed the low 
potassium diets developed a characteristic 
hair pattern  as shown in figure 1. Other 
dietary factors did not influence these 
patterns. The m anifestation of changes 
in hair growth on the head, back, and 
occasionally along the upper part of the 
sides was noticeable after the anim als had 
been fed the diets for 2 to 3 weeks, and 
continued throughout the experim ental 
periods to some degree. Histological sec
tions made of biopsies taken at the end of 
trial 1 indicated fewer hairs per follicle 
group in  the affected animals. This was 
especially evident where hairs in cross 
section were counted at the level of the 
sebaceous glands. The control anim als 
averaged 10.4 hairs per follicular group 
as compared with an average of 5.6 hairs 
per follicular group for the anim als fed the

low potassium  diets. Hairs and follicles 
in the longitudinal sections were less nu 
merous in  the low potassium  groups. These 
pronounced changes both in  the gross 
pattern  of hair growth and the differences 
in  follicular groups indicate that potas
sium is involved in  the shedding and re
generation of hair and in  the norm al hair 
growth pattern. The abnormal hair coat 
was transitory and was probably due to 
the lower potassium  requirem ent with in 
creasing age and weight (2 0 ). Observa
tion of these hair patterns should be help
ful in  detecting signs of a conditioned 
potassium  deficiency when such deficiency 
would not likely be expected Although a 
num ber of nutritional deficiencies have 
been implicated in abnormal hair growth
(2 1 ), the hair condition as described ap
peared to be ra ther specific and more de
fined than  previously reported.

Anim al grrnvth. W eight gains of the 
anim als were influenced markedly by trea t
m ents (table 2 ). Average weight gains 
were calculated for the 70-day period so 
that comparisons could be made between 
the 3 experiments. Calcium, phosphorus, 
and potassium  levels significantly affected 
weight gains (table 4 ). Animals fed at 
either the high calcium, low phosphorus, 
or the high potassium  levels gained faster 
than  the anim als fed at the respective al
ternate levels in  trials 1 and 2. Animal

TA B LE 4
S u m m a r y  o f  m e a n  s q u a r e s  1 f r o m  th e  a n a ly s i s  o f  v a r ia n c e  o f  c u m u l a t i v e  g a in  i n  t r ia ls  1 a n d  2

S ource  o f 
v a r ia t io n

D egrees o f free d o m M ean  sq u ares

T r ia l  1 T r ia l  2 T r ia l  1 T r ia l  2

C a lc iu m  ( C ) 1 1 3 7 .6 5 * 9 .4 2 *
P h o s p h o r u s  ( P ) 1 1 1 6 2 .3 3 * * 17  1 1 * *
P o ta s s iu m  ( K ) 1 1 1 2 1 1 .1 3 * * 5 71  9 8 * *
M a g n e s iu m  ( M ) — 1 — 0 .7 6
C P 1 1 1 8 6 .8 8 * * 6 3 .9 1 * *
C K 1 1 1 2 .0 8 4 4 .0 8 * *
C M — 1 — 2  0 2
P K 1 1 5 1 .0 3 * * 7 8 .9 0 * *
P M — 1 — 3 5 .3 0 * *
K M — 1 — 4 .8 1
C P K 1 1 7.81 1 .0 9
A n im a ls  w i t h i n  C P K 5 6 — 6 .9 6 —
C P M — 1 1 .8 4
C K M — 1 0 .1 7
P K M — 1 0 .4 4
C P K M — 1 0 .1 8
A n im a ls  w i t h i n  C P K M — 80 1 .6 6

1 M ean  s q u a re s  d iv id ed  by  1000. 
* P  <  0.05.

** P  <  0.01.
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growth was not affected by the 2 levels 
of m agnesium  in trial 2. The low level of 
potassium  was not adequate for m axim al 
growth as illustrated by the increased 
weight (P  <  0.01) of the anim als on treat
m ent 9 as compared with treatm ent 2. 
The principal effects of the high and low 
levels of calcium, phosphorus and potas
sium were not unexpected since the respec
tive levels had been deliberately fixed to 
provide a wide difference in  m ineral in 
takes. The levels of m agnesium , however, 
would not be expected to influence growth 
since all were above the dietary require
m ent (20).

Certain significant interactions (P  <  
0.01) were present in  trials 1 and 2. Ani
m al growth was depressed by high phos
phorus in  the presence of low calcium 
levels, but norm al growth rates were ob
tained when calcium levels were high ir
respective of the phosphorus levels. A 
significant P X K interaction resulted from 
the large reduction in  weight gains when 
high phosphorus levels were combined 
with the low potassium  levels, indicating 
that these m ineral levels were not acting 
independently. Animal growth was sig
nificantly depressed with the high phos
phorus, low potassium  diets and not as 
m uch with the low phosphorus, low potas
sium diets. In trial 2, a significant Ca X K 
interaction was observed which was not 
significant in  trial 1. This resulted from 
the increased growth of rats receiving the 
high calcium in the presence of low potas
sium, whereas anim als fed the high cal
cium gained less than  those receiving the 
low calcium when potassium  levels were 
high. Also, in trial 2, where m agnesium  
was added at 2 levels, a significant P X Mg 
interaction occurred. M agnesium at the 
high level of intake was beneficial to ani
m al growth in the presence of high phos
phorus, but this effect was reversed in  the 
low phosphorus groups.

In  these studies, as in  other nutritional 
studies involving the etiology of uro
lithiasis, the entire m ineral content of the 
diet m ust be considered if urolithiasis is 
to be produced by dietary means. The 
present trials were designed to determine 
w hat m ineral interrelationships existed at 
the levels investigated. To understand 
the resulting interactions on a physio-

chemical basis, would require more com
plex investigations as has been pointed 
out with a num ber of m ineral in ter
actions (9 ).
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Fatty Livers in Weanling Rats Fed a Low Protein, 
Threonine-deficient Diet1,2
I. EFFECT OF VARIOUS DIET FATS

L IN D A  M O R R IS , D O R O T H Y  A R A T A  a n d  D E N A  C. C E D E R Q U IS T
D e p a r tm e n t  o f  F o o d s  a n d  N u t r i t i o n ,  M ic h ig a n  S ta te  U n iv e r s i ty ,
E a s t  L a n s in g ,  M ic h ig a n

A B S T R A C T  W e a n l in g  a lb in o  r a t s  w e re  f e d  a  d ie t  c o n t a i n i n g  9 %  c a s e in  a n d  3 0 %  
f a t  w i t h  a n d  w i t h o u t  s u p p le m e n t s  o f  t h r e o n in e .  T h e  f a t  s o u rc e  i n  th e  d ie t  w a s  p r o 
v id e d  b y  c o r n  o il ,  o liv e  o il ,  c o t to n s e e d  o il ,  h y d r o g e n a te d  v e g e t a b le  o il ,  o r  c o r n  o il 
h y d r o g e n a te d  to  a n  io d in e  v a lu e  o f  7 4 . A n im a ls  w e r e  m a i n t a i n e d  w i t h  t h e i r  r e s p e c 
t iv e  d ie t s  f o r  2  to  4  w e e k s .  F e e d in g  w e a n l i n g  r a t s  a  t h r e o n in e - d e f ic ie n t  d i e t  c o n t a i n i n g  
3 0 %  c o r n  o il r e s u l t e d  i n  t h e  a p p e a r a n c e  o f  f a t t y  l iv e r s .  R e p la c in g  th e  c o r n  o il  i n  th i s  
d ie t  w i t h  e i t h e r  c o t to n s e e d  o il  o r  h y d r o g e n a te d  v e g e t a b le  o il  c a u s e d  a  s ig n i f i c a n t  r e 
d u c t io n  i n  l iv e r  f a t  c o n c e n t r a t i o n .  S u b s t i t u t i n g  o liv e  o il f o r  c o r n  o il  s l ig h t ly  i n c r e a s e d  
l i v e r  f a t  le v e ls .  I n  e v e r y  i n s t a n c e ,  t h e  a d d i t io n  o f  t h r e o n in e  lo w e r e d  l i v e r  f a t  le v e ls .  
W h e n  h y d r o g e n a te d  c o r n  o il  w a s  s u b s t i t u t e d  f o r  c o r n  o i l  i n  t h r e o n in e - d e f ic ie n t  d ie ts ,  
l iv e r  f a t  c o n c e n t r a t i o n s  d e c r e a s e d  m a r k e d ly  a f t e r  2  w e e k s ;  t h i s  e f f e c t  p e r s i s t e d  a f t e r  
4  w e e k s .  S in c e  a l l  d ie ts  w i t h i n  a  s e r ie s  w e r e  i s o c a lo r ic  a n d  s in c e  n o  s ig n i f i c a n t  d i f f e r 
e n c e s  i n  f o o d  i n t a k e  o r  g r o w th  w e re  o b s e r v e d  a m o n g  a n y  o f  th e  d e f ic ie n t  g r o u p s ,  th e  
“ p r o te c t iv e ”  a c t i o n  o f  s o m e  d ie t  f a t s  i s  a p p a r e n t l y  n o t  m e d ia t e d  th r o u g h  a  m o re  
e q u i ta b le  b a l a n c e  b e tw e e n  t h e  a m in o  a c id  a n d  c a lo r ie  r a t io .

Feeding weanling rats a 9% casein diet 
supplemented with m ethionine and trypto
phan, but not threonine, induces fatty 
livers under specific dietary conditions 
(1 -3 ) . The basal diets used in these ex
perim ents contained corn oil (5%  of the 
diet) as the fa t source and sucrose as the 
carbohydrate source. Under these dietary 
conditions, the deposition of fa t in  liver 
tissues reaches a m axim um  after 2 to 3 
weeks of feeding and then decreases slowly 
(4, 5 ).

Recently em phasis has been shifted to 
a study of interrelationships between the 
threonine-deficient state and the kind and 
proportion of other nutrients in  the diet. 
In 1961 Sidransky and Clark (6 ) sug
gested that the pathological changes ob
served in  young ra ts fed a threonine-devoid 
diet were due to an im balance between the 
amino acid and the calorie intake. Later 
Sidransky and Verney (7 ) observed an 
accentuation of such pathological changes 
by increasing the corn oil content of the 
diet from 5 to 25% .

In  addition to the quantity, the type of 
fa t present in  the diet has also been shown 
to influence the severity of lesions induced 
by nutritionally inadequate diets. Benton 
et al. (8 )  reported higher liver fa t con

centrations when 20% of butterfat or lard 
provided the diet fa t source than  when 
20% of corn oil or m argarine was used as 
the dietary fa t in  threonine-deficient diets. 
In all instances, the adddition of threonine 
significantly lowered liver fa t levels. Ben
ton et al. postulated that the long-chain 
fatty  acid composition of the fa t was the 
determ ining factor in  regulating liver fat 
deposition. Carroll (9, 10), using different 
dietary conditions, also observed a marked 
effect of different diet fats on glycolysis 
and lipogenesis.

The experim ents reported in  the present 
paper were undertaken to determ ine the 
effects of various types of fats and oils 
on growth and liver composition of ra ts 
fed threonine-deficient diets.

M E T H O D S

W eanling m ale rats of the Sprague- 
Dawley strain were used as the experim en
tal animals. They were divided by weight 
into groups of ten and housed in  individ
ual screen-bottom cages in  a tem perature- 
controlled room. D ata from  replicate

R ece ived  fo r  p u b lic a tio n  O ctober 9, 1964.
1 J o u rn a l  a r t ic le  no . 3484 fro m  th e  M ich ig an  A gri

c u l tu ra l  E x p e r im e n t S ta tio n .
2 T h is  in v e s t ig a tio n  w as  su p p o rte d  in  p a r t  by  P u b lic  

H e a lth  R ese a rch  G ra n t no . A-6093 f ro m  th e  N a tio n a l 
In s ti tu te  o f A rth r it is  a n d  M etab o lic  D iseases .

3 6 2 J .  N u t r i t i o n , 85:  ' 6 5
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groups were combined at the close of the 
study. Food and w ater were supplied ad 
libitum  except in  one experim ent when 
the paired-feeding technique was used.

The basal diet had the following per
centage composition: sucrose, 25; casein, 
9; salts W,3 4; fa t,4 30; vitam in mix, 0.25; 
choline, 0.15; DL-methionine, 0.30; d l - 
tryptophan, 0.10; cellulose,5 31.20. The 
composition of the vitam in m ix has been 
described previously (1 1 ). W hen threo
nine was added to the diet, 0.36% of the 
DL-mixture of the amino acid replaced 
an equal am ount of sucrose. These diets, 
containing 30% fat, were isocaloric with 
the 5% fa t diets used in previous experi
m ents (4, 5 ); the cellulose was used to 
make up the weight differences. The ani
mals were divided into the following ex
perim ental groups: group 1, basal diet 
(corn oil); group 2, corn oil +  0.36% 
DL-threonine; group 3, olive oil; group 4, 
olive oil +  0.36% DL-threonine; group 5, 
cottonseed oil; group 6, cottonseed oil +  
0.36% DL-threonine; group 7, hydroge
nated vegetable oil;6 group 8, hydrogenated 
vegetable o i l7 +  0.36% DL-threonine; and 
group 9, hydrogenated corn oil.8

The rats were weighed at weekly in ter
vals during the study, and food consum p
tion records were kept. At the end of the 
experim ental period the anim als were 
lightly anesthetized with ether, approxi
m ately two-thirds of the tail was severed 
with a sharp razor blade, and blood sam 
ples were collected. By this method 1 ml of 
blood could be collected from  very young 
rats (2  weeks postw eaning). The blood 
samples were allowed to stand overnight 
and the serum  was separated the next 
morning. The serums were stored frozen 
until analyzed for proteins by paper elec
trophoresis in a Spinco apparatus. The 
strips were scanned in  a model RB Spinco 
Analytrol and results expressed as the 
percentage of total protein separated.

After collecting the blood, the rats were 
decapitated. Livers were excised, weighed, 
homogenized with distilled water, and 
dried at 90° to constant weight. The dried 
livers were weighed to determine moisture 
content, and ground in a Wiley mill. Fat 
content was determ ined on one-gram sam 
ples by continuous ether extraction for 3 
hours on a Goldfisch apparatus. The con

centration of fa t in  the tissues was ex
pressed as percentage of the dry weight. 
The percentage of nitrogen was deter
m ined on the residue by the macro-Kjel- 
dahl method and expressed on a fresh- 
weight basis.

S tandard errors of the m eans were cal
culated for all data. Student’s t test was 
used as a m easure of significance. Only 
those differences with a probability of less 
than  0.01 were considered significant, and 
are so identified in  the text.

R E S U L T S

Food intake and weight data for ra ts fed 
different types of fa t in  9% casein diets 
with and without threonine supplem ents 
are sum m arized in  table 1. No m arked 
changes were observed in  these param eters 
when the corn oil in  the basal diet was 
replaced by olive oil, cottonseed oil, or 
hydrogenated vegetable oil. Likewise, there 
were no significant changes in  food intake 
or weight gain when threonine was added 
to a diet containing any one of these fats. 
However, by changing the type of fa t in  the 
diet, or by the addition of threonine, sig
nificant changes in liver composition were 
induced (table 2).

The most m arked effect of diet on liver 
composition centered in  the lipid com
ponent (table 2). Replacing the corn oil 
in the basal diet (group 1) with either 
cottonseed oil (group 5) or hydrogenated 
vegetable oil (group 7) caused a signifi
cant reduction in liver fat concentration. 
Substituting olive oil (group 3) for corn 
oil (group 1) slightly increased the quan
tity of fa t in livers of rats fed these diets 
(25.6% vs. 22.5% , respectively). In every 
instance, the addition of threonine signifi
cantly lowered liver fa t levels (groups 1 vs. 
2, 3 vs. 4, 5 vs. 6, 7 vs. 8).

In an effort to draw a more controlled 
com parison between the effects of corn oil 
and hydrogenated vegetable oils on threo
nine-deficient anim als, corn oil was hy-

3 W esson , L. G. 1932 A m o d if ica tio n  o f th e  Os- 
b o rn e -M en d el s a l t  m ix tu re  c o n ta in in g  o n ly  in o rg a n ic  
c o n s ti tu e n ts .  S c ien ce, 75: 339.

4 C o n ta in in g  75 m g  a-to co p h ery l a c e ta te /k g  o f d ie t.
5 A lp h ace l, N u tr i t io n a l  B io c h em ic a ls  C o rp o ra tio n , 

C lev e lan d .
6 D is tr ib u te d  by  W esso n  Oil Sales C o m p an y , F u l le r 

to n , C a lifo rn ia . Io d in e  v a lu e  =  74.
7 See fo o tn o te  6.
8 C orn  o il h y d ro g e n a te d  b y  P ro c te r  a n d  G am b le  to 

io d in e  v a lu e  o f 74. T h e  a u th o rs  a re  in d e b te d  to  th e  
P ro c te r  a n d  G am b le  C o m p an y  fo r  th e ir  co o p era tio n  
a n d  a ss is tan c e .
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T A B LE 1
F o o d  in t a k e  a n d  w e i g h t  g a in  o f  r a ts  f e d  9 %  c a s e in  d ie t s  w i t h  a n d  w i t h o u t  t h r e o n i n e  

a n d  c o n ta in in g  d i f f e r e n t  s o u r c e s  o f  d ie ta r y  f a t

G roup D i e t 1
No.

a n im a ls /
g roup

F ood
in ta k e W t g a in

i C o r n  o il 5 0
g /w e e k  
7 0 ± 2  2

g /w e e k  
2 3  ± 2

2 C o r n  o il  +  t h r e o n in e 4 0 7 0 ±  2 2 5  ± 1
3 O liv e  o il 10 6 8  ± 2 2 2  ±  1
4 O liv e  o i l  +  t h r e o n in e 10 7 0 ± 4 2 5 ± 2
5 C o t to n s e e d  o il 10 6 8  ± 2 2 0  ± 1
6 C o t to n s e e d  o il  +  t h r e o n in e 10 6 4  ± 2 2 2  ±  1
7 H y d r o g e n a te d  v e g e t a b le  o il  3 30 7 7  ±  4 2 7  ±  1
8 H y d r o g e n a te d  v e g e t a b le  o i l 3 +  t h r e o n in e 3 0 81  ±  2 3 0  ±  1
9 H y d r o g e n a te d  c o r n  o il  4 10 7 5 ± 1 2 2  ±  1

i F a t  c o n te n t o f  a l l  d ie ts  =  30%  w /w . L e n g th  o f e x p e r im e n ta l  p e rio d , 2 w eeks.
u i  n i t ; a n .

3 M ax im  B ra n d  s h o r te n in g  ( io d in e  v a lu e  =  7 4 ) ;  m a n u fa c tu re d  by  H u n t  F oods a n d  In d u s tr ie s ,  In c ., 
F u lle r to n , C a lifo rn ia . I t  is  co m p o sed  o f a p p ro x im a te ly  90%  h y d ro g e n a te d  so y b ean  o il a n d  10%  
h y d ro g e n a te d  co tto n see d  o il. A cco rd in g  to  a n a ly se s  k in d ly  r u n  by  th e  m a n u fa c tu re r  o n  a  sam p le  
w e su b m itte d , th e  fo llo w in g  is  th e  p e rc e n ta g e  f a t ty  a c id  co m p o sitio n : m y ris tic , 0 .3 ; p a lm itic ,  12.7; 
s te a r ic , 12.9; o le ic , 57 .5 ; a n d  lin o le ic , 12.2.

4 C orn  o il w as  h y d ro g e n a te d  to  a n  io d in e  v a lu e  o f 74  by  th e  P ro c te r  a n d  G am b le  C o m p an y , C in 
c in n a ti .

TA BLE 2

L iv e r c o m p o s i t i o n  o f  r a ts  f e d  9 %  c a s e in  d ie ts  
d i f f e r e n t  s o u r c e s

w i t h  a n d  w i t h o u t  
o f  d ie ta r y  f a t

t h r e o n i n e  a n d c o n ta in in g

G roup D i e t 1 M o istu re N itro g e n F a t

i C o rn  o il
%

6 8 .4  ± 0 . 5  2
% w e t w t  

2 .5 3  ± 0 . 0 4
% d ry  w t  

2 2 .5  ± 1 . 0
2 C o rn  o il  +  t h r e o n in e 7 0 .6  ± 0 . 3 2 .6 9  ± 0 . 0 4 1 4 .8  ±  0 .5
3 O liv e  o il 6 8 .1  ±  0 .2 2 .4 5  ± 0 . 0 2 2 5 .6  ±  0 .9
4 O liv e  o il  - f  t h r e o n in e 7 1 .0  ±  0 .4 2 . 6 2 ±  0 .0 3 1 7 . 6 ±  1 .2
5 C o t to n s e e d  o il 6 9 .9  ± 0 . 2 2 . 6 0 ± 0 .0 3 1 7 .9  ± 0 . 9
6 C o t to n s e e d  o il  +  t h r e o n in e 7 0 .9  ± 0 . 3 2 .7 6  ±  0 .0 3 1 1 .4  ±  0 .5
7 H y d r o g e n a te d  v e g e t a b le  o i l 3 7 1 . 0 ± 0 .2 2 .4 7  ± 0 . 0 5 1 7 . 6 ± 0 .8
8 H y d r o g e n a te d  v e g e t a b le  o i l 3- f  t h r e o n in e 7 0 .6 ±  0 .7 2 .6 2  ± 0 . 0 3 1 5 .4  ±  0 .5
9 H y d r o g e n a te d  c o r n  o i l  4 7 2 .2  ± 0 . 2 2 .5 3  ±  0 .0 3 1 3 .7  ±  0 .4
9 P H y d r o g e n a te d  c o r n  o i l  4 

( p a i r - f e d  w i t h  g ro u p  1 ) 7 1 .1  ±  0 .3 2 .7 4  ± 0 . 0 3 1 3 . 2 ± 0 .3

1 F a t  c o n te n t o f a l l  d ie ts  =  30%  w /w . L e n g th  o f  e x p e r im e n ta l  p e rio d , 2 w eeks.
2 se  o f m e a n .
3 M ax im  B ra n d  ( io d in e  v a lu e  =  7 4 ) .  See fo o tn o te  3, ta b le  1, fo r  d e sc rip tio n .
4 C o rn  o il w a s  h y d ro g e n a te d  to  a n  io d in e  v a lu e  o f 74 by  th e  P ro c te r  a n d  G am b le  C o m p an y , C in c in n a ti .

drogenated to the same iodine value deter
m ined for the hydrogenated fa t used in 
groups 7 and 8. W hen hydrogenated corn 
oil was used as the diet fa t in  a threonine- 
deficient diet (group 9 ), liver fa t levels 
were again significantly decreased below 
those in  the control group (1 ) . Since a 
slight difference in  food consum ption was 
observed between these 2 groups (table 1), 
the experim ent was repeated using the 
paired-feeding technique. Liver fa t levels 
in  ra ts pair-fed a diet containing hydroge
nated com  oil (9 P ) were still significantly 
lower th an  those in  control anim als (com  
oil).

A more detailed study com paring groups 
1 and 9 was initiated. Ten anim als from  
each group were killed at 2 weeks and 
again at 4 weeks, because liver fa t levels in  
threonine-deficient ra ts have been shown 
to vary with time (4 ) . Results are pre
sented in  table 3. Replacing com  oil 
(group 1) with hydrogenated corn oil 
(group 9) in  threonine-deficient diets sig
nificantly reduced liver fa t levels after 2 
weeks; this effect persisted for 4 weeks. 
The decreased fat concentrations in  livers 
from  rats in  group 9 were accom panied by 
an increased concentration of nitrogen and
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TABLE 3

L iv e r  c o m p o s i t i o n  a n d  s e r u m  p r o te in s  o f  r a ts  f e d  t h r e o n i n e - d e f ic ie n t  d ie t s  c o n ta in in g  e i th e r  
c o r n  o i l  o r  h y d r o g e n a te d  c o r n  o i l 1 f o r  2  o r  4  w e e k s

D ie t 2
G ro u p  1 ( c o rn  o i l )

2 W eeks 4  W eeks

G roup  9 (h y d ro g e n a te d  c o rn  o i l )  1 

2  W eeks 4  W eeks

L iv e r  c o m p o s i t io n ,  %
M o is tu r e 6 9 .9 ± 0 . 4  3 6 9 .2 ± 0 . 4 7 2 .2 ± 0 . 2 7 1 .8 ± 0 . 3
N i t r o g e n 2 .5 1 ± 0 . 0 2 2 .6 3 ± 0 . 0 4 2 .5 3 ± 0 . 0 3 2 .8 0 ± 0 . 0 3
F a t 2 2 .8 ± 0 . 8 2 0 .2 ± 1 . 0 1 3 .7 ± 0 . 4 1 2 .3 ± 0 . 6

S e r u m  p r o t e in s ,  %
a i -G lo b u lin 1 3 .2 ± 0 . 5 1 2 .0 ± 0 . 8 9 .9 ± 0 . 3 1 1 .2 ± 0 . 8
a 2-G lo b u lin 1 0 .8 ± 0 . 7 8 .5 ± 0 . 5 8 .8 ± 0 . 6 8 .3 ± 0 . 4
/3 -G lo b u lin 1 5 .0 ± 0 . 5 13 .8 ± 0 . 4 12 .7 ± 0 . 5 13.1 ± 0 . 5
Y -G lo b u lin 4 .3 ± 0 . 9 1 3 .7 ± 1 . 9 3 .7 ± 0 . 9 1 2 .4 ± 1 . 6
A lb u m in 5 6 .8 ± 2 . 0 5 2 .0 ± 1 . 9 6 5 .0 ± 1 . 7 5 5 .2 ± 2 , 3

1 C o rn  o il w a s  h y d ro g e n a te d  to  a n  io d in e  v a lu e  o f 74 by  th e  P ro c te r  a n d  G am ble  C o m p an y , C in 
c in n a ti .

2 F a t  c o n te n t o f  b o th  d ie ts  =  30%  w /w .
3 s e  o f  m e a n .

moisture after 4 weeks as compared with 
ra ts in  group 1.

Significant changes with time were also 
observed in  the serum  protein patterns; 
the most striking change was observed in 
the y-globulin fraction. This fraction in 
creased approximately threefold between 
the second and the fourth weeks of the ex
periment. The m agnitude of the increase 
was of the same order in  both groups of 
rats, and was not related to diet. The in 
crease in  y-globulin concentration was not 
observed in  subsequent experim ents and 
probably reflected a subclinical infection in 
both groups.

D IS C U S S IO N

The data reported here support the con
tention that the severity of fatty  livers 
associated with a threonine deficiency 
varies to a considerable extent with the 
chemical composition of the fa t source in 
isocaloric diets. Of the various fats in 
corporated in  threonine-deficient diets, 
olive oil produced the most severe fatty 
livers (25.6%  ) followed closely by corn 
oil (22.5%  ). Fat accum ulation in livers 
from  rats fed deficient diets containing 
cottonseed oil or hydrogenated vegetable 
oil was comparable (17.9%  and 17.6% , 
respectively), and rats fed hydrogenated 
corn oil had the least severe fatty  livers 
(1 3 .7 % ).

Since all diets were isocaloric and since 
no significant differences in  food intake 
or weight gain were observed among any

of the these threonine-deficient groups ex
cept group 9, the “protective” action of 
some diet fats is apparently not mediated 
through a more equitable balance between 
the amino acid and calorie ratio. Food 
intake of rats in  group 9 (hydrogenated 
corn oil) was significantly greater than  
that of the control group. However, when 
rats in  this group were pair-fed with the 
control animals, liver fa t levels were still 
significantly depressed below those in  rats 
fed the basal diet. This observation sub
stantiates the suggestion that the calorie 
intake is not of m ajor im portance in regu
lating the degree of fa t accum ulation in 
threonine-deficient animals.

Of the fats tested, hydrogenated fats 
tended to be more protective against fatty  
livers associated with threonine deficiency. 
Feeding threonine-deficient ra ts corn oil 
hydrogenated to the same iodine num ber 
as the commercial hydrogenated fa t re
sulted in  a significantly lower concentra
tion of liver lipids as compared with those 
in  rats fed the unhydrogenated corn oil. 
However, the oils did not offer equal pro
tection to threonine-deficient anim als; 
cottonseed oil was fa r more effective than  
was olive oil, even though the iodine value 
of olive oil is lower than  that of cottonseed 
oil (1 2 ). Thus the degree of hydrogenation 
did not solely determine the effectiveness 
of the fa t in  lim iting the development of 
fatty  livers in threonine-deficient animals.

The data reported here do not support 
the suggestion made by Benton et al. (8 )
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and by Channon et al. (1 3 ) that the chain 
length of the constituent fatty  acids deter
m ines the severity of fatty  livers associated 
with threonine deficiency, since the hy
drogenation of corn oil would not alter the 
length of the fatty  acid chains. However, 
the hydrogenation process m ay have re 
sulted in  the appearance of isomeric forms 
which m ay actively reduce liver fats in 
threonine-deficient animals.

These data suggest tha t both the fatty 
acid composition and the degree of hydrog
enation of the dietary fa t serve to influence 
the degree of fa t accum ulation in  threo
nine-deficient rats. The combination of 
these 2 factors apparently determ ines the 
metabolic disposition of a given fa t in 
the liver. The presence of various isomers 
in  the triglyceride m ay fu rther delineate 
the metabolic route to be taken. Thus, 
an intricate interrelationship m ust exist 
between threonine and the metabolic path 
taken by dietary fat. Studies on this prob
lem are in  progress.
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Zinc-65 Absorption and Turnover in Rats
I. A PROCEDURE TO DETERMINE ZINC-65 ABSORPTION AND THE 

ANTAGONISTIC EFFECT OF CALCIUM IN A  
PRACTICAL DIET 1,2

D . A . H E T H  a n d  W . G . H O E K S T R A
D e p a r tm e n t  o f  B i o c h e m is t r y ,  U n iv e r s i t y  o f  W i s c o n s in ,  M a d is o n ,  W i s c o n s in

A B S T R A C T  Z in c -6 5  a s  c h lo r id e  o r  g ly c in e  c o m p le x  w a s  a d m in i s t e r e d  to  g r o w in g  
r a t s  r e c e i v in g  a  p r a c t i c a l  d ie t  i n  6  e x p e r im e n t s .  A  r a p i d  f e c a l  e x c r e t io n  o f  Z n 65 o c 
c u r r e d  f o l lo w in g  a d m i n i s t r a t i o n  v ia  f e e d  o r  g a v a g e .  I n c r e a s e d  d i e t a r y  c a l c iu m  s ig n i f i 
c a n t ly  i n c r e a s e d  ( P  <  0 .0 1 )  t h e  i n i t i a l  r a t e  o f  Z n 65 lo s s  fo l l o w in g  o r a l  a d m i n i s t r a t i o n  
a n d  c o n s i s t e n t ly  a n d  s ig n i f i c a n t ly  d e c r e a s e d  th e  p e r c e n t a g e  r e m a i n i n g  i n  t h e  b o d y  
lo n g e r  t h a n  2  d a y s .  C o n v e r s e ly ,  b o d y  lo s s  o f  i n j e c t e d  Z n 65 d e c r e a s e d  s ig n i f i c a n t ly  
( P  <  0 .0 1 )  w i th  i n c r e a s e d  c a l c iu m .  C o m p a r i s o n  o f  r e t e n t i o n  c u r v e s  a t  1 0 0  to  2 5 0  
h o u r s  p o s t - a d m in i s t r a t i o n  f o r  i n j e c t e d  a n d  d i e t a r y  o r  g a v a g e - a d m in is te r e d  Z n 65 a n d  
t h e i r  e x t r a p o la t i o n  to  z e r o  t im e  a l lo w e d  t h e  d e t e r m i n a t i o n  o f  t h e  p e r c e n t a g e  o f  ra d io -  
z in c  a b s o r b e d .  C a l c iu m  s ig n i f i c a n t ly  d e c r e a s e d  ( P < 0 . 0 1 )  th e  p e r c e n t a g e  o f  Z n 65 a b 
s o r p t io n  a n d  i n c r e a s e d  th e  b io lo g ic a l  h a l f - l i f e  ( d e c r e a s e d  t u r n o v e r )  o f  Z n 65 b e y o n d  
1 0 0  h o u r s  p o s t - a d m in i s t r a t i o n .  C a l c iu m  d id  n o t  a f f e c t  b o d y  w e ig h t .  T h e  r e s u l t s  a re  
e x p la in e d  b y  a  d e c r e a s e d  a b s o r p t io n  o f  s t a b l e  a n d  r a d io z in c  w i th  in c r e a s e d  d i e t a r y  
c a l c iu m .  C a lc iu m  a ls o  s ig n i f i c a n t ly  i n c r e a s e d  ( P < 0 . 0 1 )  c a r c a s s  Z n 65 i n  t h e  f e m u r  
a n d  d e c r e a s e d  i t  i n  l iv e r ,  k id n e y  a n d  m u s c l e  a t  2 8  d a y s  p o s t - a d m in i s t r a t i o n .

Many investigators have dem onstrated 
that rations high in  calcium cause a 
m arked potentiation of the zinc-deficiency 
syndrome in swine, poultry and dogs (1—
10). The s ite (s ) of the calcium  antagon
ism has not been elucidated. In swine, 
high calcium  diets were shown to decrease 
the zinc content of certain organs such as 
the liver, but not of others such as skin, 
pancreas or intestine (4 ) . This led to the 
postulation that calcium interfered with 
the absorption of zinc from the intestine. 
Substantiating this idea were experim ents 
conducted in  vitro which dem onstrated 
that zinc was readily removed from solu
tion during the precipitation of calcium 
phosphate compounds such as m ight oc
cur in  the intestinal lum en (1 1 ). Phytic 
acid complexes have also been shown to 
decrease the availability of dietary zinc
( 1 2 ) .

Attempts to dem onstrate directly a cal
cium  antagonism  of zinc absorption have 
been largely unsuccessful. Newland et al.
(1 3 ) suggested that calcium  increased en
dogenous zinc metabolism in swine. In 
balance studies with ra ts receiving semi- 
purified diets, Forbes and Yohe (1 4 ) con
cluded that increased calcium  did not re 

duce zinc absorption. Also, Roberts and 
Hoekstra,2 working with rats fed puri
fied diets, did not observe, at 3 days 
post-adm inistration, a reduced body re ten
tion of Zn65 adm inistered by gavage. In an 
overall review of the problem, Forbes (1 5 ) 
speculated that the calcium  antagonism  
occurred at the cellular level.

In view of the confusion pertaining to 
the site of the antagonistic action of cal
cium  on zinc, it was decided to reinvesti
gate the problem more directly with rats 
by using Zn65 and a whole-animal scintilla
tion counter. A prelim inary report of this 
research has been published.3 The results 
of these experim ents, as well as results of 
somewhat different experim ents reported 
subsequently by others (12, 16) indicate 
that under appropriate dietary conditions,

R ece ived  fo r  p u b lic a tio n  O c tober 21, 1964.
1 P u b lish e d  w ith  th e  a p p ro v a l o f th e  D ire c to r  o f  th e  

W isc o n s in  A g ric u ltu ra l  E x p e r im e n t S ta tio n , M ad iso n . 
S u p p o rted  in  p a r t  by  P u b lic  H e a lth  S erv ice  R ese a rch  
G ra n t no . AM -05606 fro m  th e  N a tio n a l  In s t i tu te  o f 
A rth r it is  a n d  M etab o lic  D iseases.

2 R o b erts , H . F ., a n d  W . G. H o e k s tra , u n p u b lis h e d  
d a ta .

3 P re lim in a ry  re p o rts  o f th is  re s e a rc h  w e re  p re 
s e n te d  a t  th e  1963 a n n u a l  m e e tin g  o f A m e ric a n  Soci
e ty  o f A n im a l S c ience  a t  C o rv a llis , O regon , a n d  som e 
o f th e  d a ta  w as  in c lu d e d  in  a rev iew  ( 1 )  p re s e n te d  
a t  th e  1964 a n n u a l  m e e tin g  o f th e  F e d e ra tio n  o f 
A m e ric a n  S ocie ties  fo r  E x p e r im e n ta l  B io logy a t  C h i
cago , I ll in o is .

J .  N u t r i t i o n , 85:  ’6 5 3 6 7
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calcium does decrease zinc absorption or 
availability.

M E T H O D S  A N D  M A T E R IA L S

Six experim ents were conducted, using 
m ale albino ra ts of the Holtzman strain. 
There were 4 rats per dietary treatm ent 
group except in  experim ent 6 which had 8 
in  the groups receiving Zn65 in the feed or 
by gavage and 4 in  the groups injected 
with Zn65. The ra ts were obtained at 3 
weeks of age and placed in  individual gal
vanized cages with raised wire floors. They 
were weighed initially and at approxi
mately weekly intervals. Distilled water 
was supplied ad libitum  in glass water 
bottles.

The composition of the basal diets is 
given in table 1. Additional calcium at the 
0.00, 0.60 or 1.76% level (also 0.30 and 
0.90% in experim ent 1) was provided as 
calcium carbonate. In each experim ent a 
sample of the basal diet was analyzed for 
total calcium, phosphorus and zinc. The 
calcium  was found to vary from  0.22 to 
0.29% in air-dried samples of ration. The 
phosphorus content was from 0.96 to 
1.01% in the first 3 experim ents and 0.83 
to 0.86% in experim ents 4 through 6. 
Total zinc was determ ined by atomic ab
sorption spectrophotometry and varied 
from 28 to 33 ppm  except in  experim ent 1 
where it was 51 ppm. Analyses of several 
currently available calcium  carbonate 
sources showed none to contain over 28 
ppm  zinc. Of those analyzed and used in 
the experiments reported, none contained 
over 24 ppm zinc and experim ents 5 and

TA BLE 1
C o m p o s i t i o n  o f  b a s a l  d i e t 1

G r o u n d  c o r n
9 /k g

5 8 7 .3 7
S o y b e a n  o il m e a l  ( 4 4 %  p r o t e i n ) 2 8 7 .0 0
D r ie d  b r e w e r ’s y e a s t 3 0 .0 0
A l f a l f a  m e a l  ( 1 7 %  p r o t e i n ) 5 0 .0 0
V i ta m in  B 12 ( 0 .1 %  m i x ) 0 .0 1
I r r a d i a t e d  y e a s t 0 .1 2
S o d iu m  c h lo r id e 1 2 .5 0
P o ta s s iu m  p h o s p h a te  ( d i b a s i c ) 3 3 .0 0  2

1 0 0 0 .0 0

1 C a lc iu m -su p p le m e n te d  d ie ts  w ere  o b ta in e d  b y  a d d 
in g  c a lc iu m  c a rb o n a te  a t  th e  e x p en se  o f th e  e n tire  
d ie t in  e x p e r im e n ts  1 th ro u g h  5 a n d  a t  th e  ex p en se  
o f g ro u n d  c o rn  in  e x p e r im e n t 6.

2 C h an g e d  to  25.00 g /k g  in  e x p e r im e n ts  4 , 5 a n d  6 
w ith  c o m p e n sa tin g  in c re a se  in  g ro u n d  co rn .

6 utilized a source which assayed less than  
5 ppm  zinc.

A ration of the type used, but with some
w hat less soybean oil m eal is often used in 
commercial swine feeding. Its adequacy 
for ra ts was indicated by the satisfactory 
growth obtained in  all experiments.

A pre-experimental period varying from 
13 to 21 days was allowed in all experi
m ents to accustom the anim als to their 
rations. During this and the experim ental 
period, the respective rations were pro
vided ad libitum  except for a m ild diet re 
striction just prior to adm inistration of 
Zn65 via feed. The exact am ount and dura
tion of this restriction varied from experi
m ent to experim ent but feed intake was 
limited to about one-half the am ount nor
mally consumed during a 6- to 13-hour 
period im mediately prior to adm inistering 
the isotope. This restriction served to stim 
ulate the appetite, thus insuring adequate 
isotope ingestion. Animals to receive the 
isotope via gavage or in tram uscular injec
tion were not subjected to any diet restric
tion.

In experim ent 1, high specific activity 
Zn65 4 was adm inistered as its chloride in 
dilute HC1 solution. Prior to adm inistra
tion in  the other experiments the Zn65 chlo
ride was complexed by adding glycine at a 
4:1  (g lycine:zinc) m olar ratio and adjust
ing the pH to 7.4 with sodium hydroxide. 
Radioactive feed was prepared by adding 
an aliquot of the Zn65 solution to a sample 
of each ration. The samples were dried 
and thoroughly mixed, and each anim al 
was offered a similar am ount of radioac
tive feed varying in  different experim ents 
from 2.5 to 7.5 g. In the experim ents 
where the isotope was adm inistered by 
gavage, the anim als were lightly anesthe
tized to facilitate insertion of the stom ach 
tube. Animals injected with Zn65-glycine 
intram uscularly in  the rear leg received no 
special pre-adm inistration treatm ent. Each 
anim al received from 100,000 to 300,000 
counts per m inute (about 0.5 to 1.5 uc 
of Zn65) irrespective of adm inistration 
method. The exact am ount was deter
m ined at the time of the initial m easure 
of anim al radioactivity. 4

4 T h e  ra d io z in c  w as o b ta in e d  as z inc-65  c h lo rid e  in  
HC1 fro m  O ak  R idge  N a tio n a l L a b o ra to ry , O ak  R idge , 
T en n essee.
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After allowing the anim als to eat their 
radioactive feed for a 4- to 5- hour period, 
they were counted in  a whole-animal 
gam m a-scintillation detector 5 to determine 
the adm inistered dose. Thereafter all ra ts 
received their norm al rations for the dura
tion of the experim ent which varied from 
250 to 1100 hours. During this period the 
anim als were counted at intervals ranging 
from 12 hours to several days. A Zn65 
standard was m easured regularly and all 
values were corrected for background, iso
tope decay and any m inor changes in 
counter efficiency. A 4- to 5-hour delay 
between adm inistration and first counting 
was also allowed when the isotope was 
given via gavage or in tram uscular in jec
tion. It was shown separately that essen

tially no loss of body radioactivity oc
curred during this time.

R E S U L T S  A N D  D IS C U S S IO N

Growth was not influenced during the 
duration of the experim ental periods by 
the addition of calcium (table 2 ). How
ever, level of calcium  in the ration had  a 
significant effect on the retention of in 
gested Zn85 (fig. 1). This figure illustrates 
the results from experim ent 3, which are 
sim ilar to those obtained in  all other ex
periments. For each increase of calcium 
in the diet, the percentage of the ingested 
oral Zn63 which was retained decreased at

5 A rm ac  s c in t i l la t io n  d e te c to r  m o d e l 440  m a n u fa c 
tu re d  by  P a c k a rd  I n s tru m e n t  C o m p an y , In c ., La- 
G ran g e , I ll in o is .

a

F ig .  1 E f f e c t  o f  d i e t a r y  c a l c i u m  o n  r e t e n t i o n  o f  Z n 65 a d m in i s t e r e d  i n  th e  f e e d  ( e x p .  3 ) .

TA B LE 2
E f f e c t  o f  d ie ta r y  c a l c iu m  o n  b o d y  w e i g h t

E xp.
D ays fe d  

e x p e r im e n ta l  
d ie t

M ean  1 f in a l  2 body  w e ig h t S ig n ific an ce  
d u e  to 

c a lc iu mB asa l +  0.60%  Ca +  1.76%  C a

9 9 9
i 3 50 2 5 8 2 8 0 2 7 6 P  >  0 .1
2 24 149 160 15 0 P  >  0.1
3 35 2 3 8 2 4 4 2 3 3 P  >  0 .1
4 3 4 2 2 0 2 1 9 2 31 P  >  0 .1
5 4 6 3 0 5 31 1 3 1 4 P  >  0.1
6 4 9 30 1 2 9 9 2 9 6 P  >  0 .1

1 T r e a tm e n t  m e a n s  (d ie ta ry ,  in je c te d  a n d  g av ag e  Zn^s tre a tm e n ts  c o m b in ed  w h e re  a p p lic a b le ) .
2 I n i t ia l  bod y  w e ig h ts  w i th in  a n  e x p e r im e n t w e re  s im ila r  b e tw ee n  tre a tm e n ts .
3 In te rm e d ia te  c a lc iu m  lev e ls  o m itte d , b u t  o m itte d  v a lu e s  c o rre sp o n d  to  th o se  lis ted .
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each post-adm inistration m easurem ent of 
radioactivity. Early in  the experiment 
(zero to about 50 hours post-adm inistra
tion) there was a rapid loss of body Zn65. 
This represents prim arily the passage of 
isotope through the intestine and its sub
sequent loss in  the feces. This early loss 
of Zn65 was increased by increasing dietary 
calcium. After 50 hours, the loss of Zn65 
was at a m uch slower rate representing ex
cretion of Zn65 which had been absorbed 
from the intestine into the body proper. 
The later rate of loss was also influenced 
by calcium, but in the opposite direction 
from the effect on early Zn65 loss, as evi
denced by converging of the retention 
curves with increasing time (the animals 
were counted for a longer post-adm inistra
tion time than illustrated in  fig. 1 which, 
if plotted, would show converging). It ap
peared, therefore, that increased dietary 
calcium both increased the early loss of 
Zn65 by decreasing Zn65 absorption and 
decreased the rate of turnover of body 
Zn65.

This effect of calcium on zinc turnover 
was substantiated when Zn65 was injected 
ra ther than  fed. Increased calcium very 
significantly increased the retention of the 
injected Zn65 at all time periods (fig. 2 ). 
This is explained on the basis that in 
creased calcium also reduced the absorp
tion of stable dietary zinc thereby causing 
the Zn65 which was in  the body to be re
placed at a slower rate. This effect oc
curred regardless of whether the Zn65 had

TA BLE 3
E f f e c t  o f  d ie ta r y  c a l c iu m  o n  fe c a l  e x c r e t io n  o f  

i n j e c t e d  Z n 65 ( e x p .  2 )

T re a tm e n t
B ody Z n 6= 

lo s t /g  
d ry  feces  1

%
B a s a l 1 .51
B a s a l  +  0 .6 0 %  C a 1 .11
B a s a l  + 1 .7 6 %  C a 0 .8 4
S ig n i f ic a n c e  d u e  to  C a P  <  0 .0 1

1 F eces  co lle c ted  fo r  12 h o u rs  s ta r t in g  a t  157 h o u rs  
p o s t-a d m in is tra tio n . G ro w th  a n d  fe e d  in ta k e s  w ere  
s im ila r  b e tw een  tre a tm e n ts .

entered the body via injection or by absorp
tion from the intestine.

The effect of calcium on the loss of body 
Zn65 was reflected by altered fecal excre
tion of Zn65 (table 3 ). This was expected 
because num erous workers have dem on
strated that body zinc excretion via the 
urine is extremely small compared with 
fecal excretion, and any effect on urinary 
excretion could not greatly affect total body 
excretion of zinc.

W hen Zn65 retention was plotted on a 
logarithm ic scale against time on a Unear 
scale (fig. 1 ), the retention curves were 
essentially linear in  all experim ents be
tween 100 and 250 hours post-adm inistra
tion. Furtherm ore, the slopes of these lines 
were the same whether Zn65 was injected 
or adm inistered orally. It was thought, 
therefore, tha t by com paring the retention 
curves for the 2 methods of adm inistration 
a procedure m ight be developed for calcu
lating the actual percentage absorption of

a
I d

F ig .  2  E f fe c t  o f  d i e t a r y  c a l c iu m  o n  r e t e n t i o n  o f  i n t r a m u s c u l a r l y  i n j e c t e d  Z n 65 ( e x p .  2 ) .
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Fig. 3 A com parison of retention curves for Zn65 adm inistered in  the feed and by intra
m uscular injection (exp. 2 ) .  Percentage absorption (A ) of oral Zn65 is calculated by divid
ing Y2 (the  y  intercept of the extrapolated retention curve for oral Zn65) by Y, (the y  in 
tercept of the extrapolated retention curve for injected Zn65) and m ultiplying by 100.

orally adm inistered isotope. Figure 3 
shows the separate retention curves for 
Zn63 when it was adm inistered orally and 
injected. At a single level of calcium, both 
methods of adm inistration produced linear 
retention curves 100 to 250 hours post
adm inistration whose slopes did not differ 
significantly in  any of several experiments.

The procedure and rationale for calcu
lating percentage Zn65 absorption (fig. 3) 
was as follows. 1) The retention curve of 
the injected isotope showed an initial rapid 
decrease but followed a simple exponential 
curve during the period 100 to 250 hours. 
Extrapolation of this linear portion of the 
injected isotope curve to zero time gave 
79% of the injected dose. 2 ) The reten
tion curve for orally adm inistered isotope 
was sim ilar except for the m uch greater 
early loss of body radioactivity (prior to 
100 hours). Extrapolation of the linear 
portion of the oral isotope retention curve 
(100 to 250 hours) to zero time gave a 
value of 34% of the dose. 3) Therefore, 
com parison of the retention curves for 
oral versus injected isotope indicated that 
the y  intercept value of 34% of the dose 
for the oral dose represented 79% of the 
isotope actually entering the body (the  y 
intercept for the injected dose). 4) Divi

sion of 34% by 79% and m ultiplication by 
100 gave 43% which represents that por
tion of the oral Zn65 which was absorbed 
from the intestine (i.e., tha t portion which 
was handled in  the body similarly to an 
injected dose). Since the y intercept val
ues for injected Zn65 were influenced some
w hat by calcium, it was desirable to use 
sim ilar calcium levels for oral and injected 
Zn65 in  determ ining the percentage of Zn65 
absorbed. Cotzias et al. (1 7 ) proposed a 
sim ilar method to determ ine the absorp
tion of Zn65 in  mice. However, their 
m ethod did not utilize any injected anim als 
and individual variation was found to be 
excessive with 6 mice. This was not the 
case with rats fed a practical diet in  the 
present study.

Curves as described above were devel
oped for each anim al with every level of 
calcium  in each of the 6 experim ents. Ex
perim ents 1, 3 and 4 included only oral 
Zn83 treatm ents. Since the above method 
was developed after experim ent 4 was com
pleted, data from  the injected rats of ex
perim ent 2 were used to determ ine the 
percentage absorption in  the other 3 ex
perim ents. Experim ents 5 and 6 were 
conducted to verify the procedure used to 
determ ine the percentage Zn65 absorption.
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The Zn65 absorption data from  the 6 ex
perim ents calculated as described are pre
sented in table 4. Increased dietary cal
cium significantly reduced the percentage 
absorption of Zn65 in  all experim ents ex
cept for isotope adm inistered via feed in 
experim ent 5 in  which the trend was the 
same, but the differences were not statis
tically significant. Variations in  the per
centage zinc absorption in  the different 
experim ents were noted. W hen 100 ppm of 
stable zinc were added to the diet, the per
centage absorption of oral Zn65 was m ark
edly reduced, but the effect of calcium was 
still significant (P  <  0.05). This observa
tion is not in  agreem ent with Berry et al.
(18 ) who reported th a t the addition of 
calcium  to a swine ration containing 100 
ppm supplem ental zinc increased the re 
tention of oral Zn65. Calcium significantly 
reduced Zn65 absorption whether it was ad
m inistered in  the feed or by gavage; how

ever, there was a greater percentage ab
sorption of Zn65 adm inistered by gavage. 
The m agnitude of the effect of calcium  
was greater between the low and middle 
calcium levels than  between middle and 
high levels regardless of adm inistration 
method.

The retention curves for Zn65 through 
250 hours post-adm istration could be re
solved into 2 linear components as de
scribed by Comar (1 9 ) and the biological 
half-lives were calculated. Also, experi
m ents extending beyond 250 hours showed 
additional logarithmic components of zinc 
turnover representing zinc com partm ents 
in the body which had slow turnover rates.

Table 5 shows the biological half-lives of 
the 3 different components in  experim ent
6. There was a significant decrease in  the 
half-life of the earliest component (zero to 
60 hours) due to calcium. (These values 
were obtained after correcting for the sec-

TA BLE 4
Effect of calcium  on absorption of Zn65

Exp.
Method 
of Zn53

administration
Administered Zn65 absorbed Significance 

due to 
calciumBasal +  0.60% Ca +  1.76% Ca

i 1 Diet
%

28.2 A 2
%

20.6 B 2
%

16.1 B 2 P <  0.01
2 Diet 42.8 A 20.6 B 15.7 C P <  0.01
3 Diet 24.1 A 15.4 B 12.6 B P <  0.01
3 3 Diet 8.7 A 7.8 AB 6.3 B P <  0.05
4 Diet 28.9 A 19.2 B 13.3 C P <  0.01
5 Diet 29.8 A 21.8 A 21.8 A P >  0.1
6 Diet 30.9 A 23.1 B 20.3 B P <  0.01
5 Gavage 36.3 A 30.6 B 27.3 C P <  0.01
6 Gavage 36.7 A 27.2 B 25.6 B P <  0.01

1 In te rm e d ia te  c a lc iu m  lev e ls  o m itted , b u t  o m itte d  v a lu e s  f a l l  b e tw ee n  th o se  lis ted .
2 T re a tm e n t m e a n s . V a lu es  n o t fo llo w ed  by  sam e  le t te r  w ith in  th e  sam e  ro w  a re  s ig n if ic a n tly  

d iffe re n t (P  <  0 .0 5 ).
3 D ie ts  s u p p le m e n te d  w ith  ZnCC>3 to  p ro v id e  100 p p m  ad d ed  z in c .

TA BLE 5

Influence of d ietary  calc ium  on zinc turnover (exp. 6)

Period
post-

a dm ini s tr ation
Method 
of Zn65

administration
Biological half-life of Zn65 Significance

Basal +  0.60% Ca +  1.76% Ca calcium
hours
0-60 Diet

hours
8.8 A 1

hours
7.2 B 1

hours 
6.3 B 1 P <  0.01

Gavage 8.4 A 7.8 A 5.7 B P <  0.01
100-250 Diet 316 A 432 B 492 C P <  0.01

Intram uscular
injection 325 A 434 B 500 B P <  0.01

Gavage 338 A 428 B 483 C P <  0.01
300-661 Diet 721 A 1042 B 1053 B P <  0.01

Gavage 713 A 992 B 1129 C P <  0.01
1 T re a tm e n t m e a n s . V a lu es  n o t fo llo w ed  by  sam e  le t te r  w ith in  th e  sam e  ro w  a re  s ig n if ic a n tly  

d if fe re n t (P  <  0 .0 5 ).
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ond com ponent.) This occurred whether 
the Zn65 was adm inistered in  the feed or 
by gavage. Graphic analyses of the data 
from the first 4 experim ents substantiated 
this observation. Calcium significantly in 
creased the half-life or body Zn65 during 
the period 100 to 250 hours post-adm inis
tration regardless of whether the isotope 
had been adm inistered orally, by injection 
or by gavage. W hen all methods of isotope 
adm inistration were considered, there was 
only one case in  the 6 experim ents in 
which the half-life of Zn65 during this 
period was not significantly increased by 
adding 0.60% calcium to the basal diet. 
In this isolated case (injected isotope in 
experim ent 5) it was necessary to add 
1.76% calcium to statistically increase the 
half-life of body Zn65. In most cases adding 
1.76% calcium  further increased the Zn65 
half-life over 0.60% added calcium, but 
m any of these differences were not statis
tically significant. These results substanti
ate those illustrated in  figure 2. Calcium 
was also shown to increase the half-life of 
Zn65 which rem ained in  the body longer 
than  250 hours.

Table 5 also shows that at a single level 
of calcium  there was no difference in the 
100 to 250 hour half-life regardless of 
whether the Zn65 was adm inistered in  the 
diet, by in tram uscular injection or by gav
age. A separate experim ent showed that 
the intram uscularly  injected Zn65-glycine 
moved rapidly away from the site of in 

jection and only about 8% of the adm in
istered dose rem ained at or near the injec
tion site by 24 hours post-adm inistration. 
This had decreased to 4% by 4 days. These 
observations are im portant in  justifying the 
previously described procedure for deter
m ining the percentage absorption of oral 
Zn65.

Dietary calcium not only affected Zn63 
absorption and turnover, but also altered 
the distribution of Zn65 in  the carcass at 
28 days post-adm inistration as shown in 
figure 4. Calcium decreased the Zn65 con
tent of the soft tissues as represented by 
liver, kidney and muscle and increased it 
in  the bones as represented by the femur. 
This was true regardless of whether Zn65 
was expressed per organ or per gram  of 
dry organ, although not all the soft tissue 
differences on a concentration basis were 
statistically significant.

The m echanism  by which calcium  acts 
to reduce zinc absorption is unknown. Cal
cium  m ay effect zinc-binding in  the in 
testinal contents or some other type of 
competition between calcium and zinc may 
exist either in  the intestine or elsewhere in 
the body. The observation tha t increased 
calcium decreased the half-life of orally 
adm inistered Zn“ during the period zero to 
60 hours post-adm inistration indicates an 
accelerated fecal loss of intestinal Zn63. 
An explanation of this observation m ight 
be that calcium is simply increasing the 
rate of passage of zinc through the intes-

UVER  KIDNEY FEM UR LIVER KIDNEY MUSCLE FEMUR
Fig. 4 Effect o f dietary calcium  on distribution of carcass Zn65 at 28 days post-adm inis

tration (exp. 5 ) .
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tine and thus decreasing zinc absorption 
per se. Another explanation m ight be that 
calcium allows norm al absorption of zinc, 
but accelerates the rapid recycling of re 
cently absorbed zinc back into the intes
tine (possibly via the liver and pancreas) 
thus decreasing the body retention which 
would result in  a decreased net absorption. 
E ither of these conditions would result in 
a decreased biological half-life during the 
early period post-adm inistration. The ef
fect of calcium in decreasing Zn65 tu rn 
over at extended periods post-adm inistra
tion probably relates to the continued 
action of calcium on the absorption of 
stable dietary zinc.

The factor in the corn-soybean diets 
which interferes with zinc absorption in 
the presence of calcium  has been specu
lated to be phytic acid (1 2 ). However, u n 
der our experim ental conditions we have 
not been able to potentiate a zinc defi
ciency in  chicks or decrease the absorption 
of oral Zn65 in ra ts by the addition of 
phytic acid to purified diets containing 
anim al proteins or protein hydrolysates. 
In the present studies phytic acid and 
vitam in D were constant w ithin each ex
perim ent. Our results on the effect of 
added calcium on Zn65 absorption with 
purified diets have been inconsistent. 
However, under the experim ental condi
tions employed with the practical diet, in 
creased dietary calcium consistently and 
significantly reduced absorption of oral 
Zn65 and decreased its turnover in  the 
body.
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ABSTRACT  Two experim ents were conducted w ith 171 w eanling pigs to provide 
an estim ate of the biopotency of ferm entation carotenoids produced by Blakeslea tri- 
spora, and to estim ate the vitam in A and /3-carotene requirem ent of the depleted 50-kg 
pig. V itam in A depletion for 7 weeks lowered serum vitam in A concentration from  
23 to 4 jUg/100 m l, and lowered liver v itam in A concentration from  35 to 2 g g / g  of dry 
tissue. Repletion levels of ferm entation /3-carotene ranged from 0.5 to 3.5 m g /k g  of 
diet and of all-trams vitam in Ai palm itate from  250 to 2000 IU /k g  of diet. U sing total 
liver vitam in A after 9 weeks of repletion as the criterion, one m ole of ferm entation  
/3-carotene had 11.5% of the biopotency of one m ole of all-trams vitam in Ai palm itate. 
The m inim al requirem ents for gains from  50 to 100 kg body w eight did not exceed  
0.5 m g of ferm entation /3-carotene or 250 IU of vitam in A palm itate/kg of diet. How
ever, 3.5 m g of ferm entation /3-carotene or 1000 IU of v itam in A palm itate/kg  diet 
were required to restore serum  vitam in A concentration to predepletion levels. Liver 
vitam in A concentration or total liver v itam in A increased linearly w ith increasing  
dietary increm ents of either ferm entation /3-carotene or vitam in A palm itate. This 
relationship was represented by the equation Y =  —0.636 +  0.002 X for ferm entation  
/3-carotene and by Y = —4.87 +  0.0174 X for all-trams vitam in Ai palm itate, where 
Y =  m illigram s of total liver vitam in A after 9 weeks repletion and X =  international 
units of ferm entation /3-carotene or of vitam in A palm itate per kilogram of diet.

All-trans-|3-carotene can be produced 
readily by a ferm entative process involving 
the m ating of opposite types of the hetero- 
thallic mold, Blakeslea trispora (1 ) . The 
(3-carotene is produced and retained in the 
mycelium in a concentration approxim at
ing 1 to 2% of the dry solids. Because 
carotene produced by ferm entation m ay be 
used as a source of vitam in A activity for 
foods and feedstuffs as well as a coloring 
agent, the biological activity of the carot
enoids produced is of considerable im por
tance.

The following experim ents were con
ducted to provide more exact estim ates of 
the biopotency of ferm entation caroten
oids, and to estim ate the vitam in A and 
(3-carotene requirem ent of the depleted 
50-kg pig.

MATERIALS AND METHODS

The sources of vitam in A activity used 
in  this study were as follows.

Vitam in A palmitate. This m aterial was 
obtained commercially as a vitam in A feed 
supplem ent.4 It contained 250,000 IU all-

trans vitam in Ai palm ita te/g  plus edible 
tallow, gelatin, glucose, butylated hydroxy- 
anisole (BHA), butylated hydroxy toluene 
(BHT) and soybean feed. Particle surfaces 
were treated with sodium silico alum inate.

Synthetic  (3-carotene. This m aterial, 
obtained from  a commercial source, con
tained 2.4% total [3-carotene.5 It was a 
dispersion of (3-carotene and vegetable oil 
in a m atrix  of gelatin and carbohydrate, 
with high stability and designed prim arily 
for food coloring.

Fermentation  (3-carotene. This m aterial 
was produced by the U.S.D.A. N orthern 
Regional Research Laboratory and sup-

R ece iv ed  fo r  p u b lic a tio n  N o v em b er 2, 1964.
1 P u b lish e d  w ith  th e  a p p ro v a l o f th e  D ire c to r  o f th e  

M ich ig an  A g ric u ltu ra l  E x p e r im e n t S ta tio n  as J o u rn a l  
a r tic le  no . 3493. T h is  re s e a rc h  w as c o n d u c te d  u n d e r  
c o n tra c t  no . 12-14-100-6850(71) w ith  th e  N o r th e rn  
U tiliz a tio n  R ese a rch  a n d  D e v elo p m en t D iv is io n , A gri
c u l tu ra l  R ese a rch  Serv ice , U. S. D e p a r tm e n t o f A g ri
c u ltu re ,  P e o ria , I llin o is .

2 D e p a r tm e n t o f A n im a l H u sb a n d ry , M ic h ig a n  S ta te  
U n iv e rs ity , E a s t  L a n s in g , M ich ig an .

s U .S.D.A. N o r th e rn  R eg io n a l R ese a rch  L ab o ra to ry , 
P e o ria , I llin o is .

4 PG B-250 D ry  V ita m in  A F eed  S u p p lem en t, D is tilla 
tio n  P ro d u c ts  In d u s tr ie s ,  R o ch es te r, N ew  Y ork.

5 R oche  D ry  B e ta-C aro ten e  B ea d le ts , T ype  2.4-S, 
W a te r  D isp e rs ib le , H o ffm an n -L aR o ch e , In c ., N u tle y , 
N ew  Jersey .

J .  N u t r it io n , 8 5 : ’65 375
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plied as dry, ferm entation solids (milled 
to pass a 20-mesh screen) consisting 
largely of mycelia containing the [3-caro
tenes. The solids from  2 ferm entations 
were used in  these experim ents. Analyses, 
using the m ethods described by Bickoff 
et al. ( 2 ,3 )  and Bickoff (4 )  for separa
tion and determ ination of carotene isomers 
and stereoisomers indicated tha t they con
tained approximately 94 to 96% all-trans- 
¡3-carotene and 4 to 6% neo-B-(3-carotene.

Feed pre-mixes and feeds. All products 
were diluted (on the basis of total vitam in 
A or total (3-carotene content) to the appro
priate premix concentration with soybean 
m eal (m illed to pass a 20-mesh screen) 
containing 2% of a 2 :3  m ixture of BHA 
and BHT. These premixes were analyzed 
and then stored in  the dark under helium  
at — 40° until added to the experim ental 
diets as indicated below. Vitamin A analy
ses were perform ed according to AOAC 
procedures (5 ) , except th a t a hot w ater 
extraction was m ade to liquefy the gelatin. 
No chrom atographic separations were per
formed.

3-Carotene analyses were performed by 
adapting AOAC procedures (5 ) . Samples 
of prem ix (0.2 g) and feed (40 g) were 
placed directly on Celite: Sea Sorb 43 (1:1) 
or Hyflo Super Cel:Sea Sorb 43 (1 :1 )  
columns (10 X 1 .8 cm ), followed by elu
tion with 10% acetone in  pentane-hexane. 
The eluate was appropriately diluted and 
the optical density compared with an all- 
trcms-(3-carotene standard 6 in  a Beckman 
B spectrophotometer.

Experim ent 1. This experim ent was 
designed to establish the usefulness of the 
depletion diet and to perm it regular exam i
nation of serum and liver vitam in A con
centration as depletion and repletion were 
effected.

Seventy-two weanling, Hampshire and 
crossbred pigs were assigned to the study. 
Blood samples were obtained from  the 
anterior vena cava of all pigs for serum 
vitam in A assay, and 6 pigs were killed 
immediately to establish in itial liver vita
m in A concentrations. The rem ainder were 
grouped in  6 lots on the basis of weight, 
sex and litter relationship and placed on 
the basal depletion diet shown in table 1.

Additional blood samples for serum vita
min A assay were obtained from 6 pigs in

TA BLE 1

C om position of basal d iet

Ground w hite m ilo
%

78.3
Soybean m eal, 50% crude protein 19.0
Dicalcium  phosphate 0.7
Lim estone 1.1
Trace m ineral s a l t 1 0.5
B-vitamin su p p lem en t2 0.1
B 12 supplem ent (13  m g /k g ) 0.15
Vitam in D2 supplem ent (9000  IU /k g ) 0.005
Zinc oxide 0.01
Antibiotic su p p lem en t3 0.1

1 C o n ta in ed  n o t le ss  th a n :  ( i n  p e r  c e n t )  N aC l, 94 .5 ; 
Z n , 0 .80; M n, 0 .52; F e , 0 .27; C u, 0 .05; Co, 0 .01; a n d  
I, 0.01 (M o rto n  S a lt C o m p an y , C h ic ag o ) .

2 F o u r  m ill ig ra m s  rib o f la v in , 9 m g  p a n to th e n ic  ac id , 
20  m g  n ic o tin ic  a c id , a n d  200 m g  c h o lin e  c h lo r id e /k g .

3 E lev en  g ra m s  p ro c a in e  p e n ic il l in ,  a n d  33 g s tre p to 
m y c in  s u lfa te /k g .

TA BLE 2

In tended and assay concentrations of 6 
repletion  diets (exp. 1)

Lot Treatment
Concentration

Intended Assay

1 Basal 0 0
2 Ferm entation

//-carotene, m g/k g 0.9 0.9
3 Ferm entation

/3-carotene, m g/k g 1.8 1.8
4 Vitam in A

palm itate, IU /k g 590 590
5 Vitam in A

palm itate, IU /k g 1180 1140
6 Synthetic

/3-carotene, m g/k g 1.8 1.9

each lot after 3 and 5 weeks of depletion 
and from  all pigs after 7 weeks of deple
tion. Six pigs (one pig from  each lot) 
were killed for liver vitam in A assay dur
ing the depletion period, two of these after 
3 weeks and four after 7 weeks of 
depletion.

The rem aining 60 pigs were assigned to 
6 treatm ents. The diets were prepared by 
adding appropriate am ounts of the vitam in 
A and 3-carotene supplem ents and the soy
bean m eal-antioxidant diluent to the basal 
depletion diet. The intended and assay 
concentrations of these experim ental diets 
are shown in table 2.

Two batches of feed were mixed for 
each lot during the treatm ent period, and 
samples for assay were taken at the time 
of m ixing and when the last of the batch

6 S u p p lied  by  H o ffm an n -L aR o ch e , In c ., N u tle y , N ew  
Jersey .
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was fed. The feed was mixed in  a dark
ened room and stored in  cloth sacks in  a 
darkened area. The m ean environm ental 
tem perature where the feed was stored 
and fed in  experim ent 1 was — 2°.

Blood serum  samples for vitam in A 
analysis were collected from 5 pigs in 
each lot after 2 and 4 weeks on treatm ent. 
At 4 weeks, 2 additional pigs in  each lot 
were bled and then killed for liver vitam in 
A assay. Similarly, at 5, 6, 8 and 9 weeks 
on treatm ent, 2 pigs in  each lot were bled 
and killed.

Experim ent 2. This experim ent was 
designed to provide a basis for estim ating 
the relative biopotency of ferm entation
13-carotene as compared with preform ed 
vitam in A, and to perm it estim ation of 
3-carotene and vitam in A requirem ents 
for m axim al weight gains and restoration 
of predepletion serum  vitam in A levels.

Ninety-nine weanling, Ham pshire and 
crossbred pigs were assigned to 9 lots on 
the basis of weight, sex and litter rela
tionship. They were fed the depletion diet 
shown in table 1 for a period of 8 weeks. 
Blood samples were obtained from  the 
anterior vena cava of 5 pigs in  each lot 
initially and at 2, 4, 6 and 8 weeks of 
depletion.

The pigs were then assigned to 9 treat
m ents. The diets were prepared as de
scribed for experim ent 1. The intended 
and assay concentrations of these experi
m ental diets are shown in table 3.

Five batches of feed were mixed for 
each lot during the treatm ent period, and 
samples for assay were taken at the time 
of m ixing and when the last of the batch 
was fed. The feed was m ixed in  a dark
ened room and stored in  cloth sacks in  a 
darkened area. The m ean environm ental 
tem perature where the feed was stored 
and fed in  experim ent 2 was — 1°.

Blood serum  for vitam in A analysis was 
obtained from 5 pigs in  each lot after 2, 
4 and 6 weeks of treatm ent and from all 
pigs after 8 weeks of treatm ent. All pigs 
were killed after 9 weeks on treatm ent 
and liver samples were taken for vitamin 
A analysis.

Analytical procedures. Serum  vitam in 
A concentrations were determ ined using 
the antim ony trichloride m ethod accord
ing to Embree (6 ) . The section of liver

TA B LE 3

In tended and assay concentrations of 
9 repletion  d iets (e x p . 2)

Lot Treatment
Concentration

Intended Assay

i Basal 0 0
2 Ferm entation

/3-carotene, m g/k g 0.5 0.5
3 Ferm entation

/3-carotene, m g /k g 1.0 0.9
4 Ferm entation

/3-carotene, m g/k g 2.0 2.0
5 Ferm entation

/3-carotene, m g/k g 4.0 3.5
6 Vitam in A

palm itate, IU /k g 250 250 1
7 Vitam in A

palm itate, IU /kg 500 500 1
8 Vitam in A

palm itate, IU /k g 1000 1000 1
9 Vitam in A

palm itate, IU /kg 2000 2000 1

1 C a lc u la te d  on  th e  b a s is  o f th e  s u p p le m e n t p re m ix
assay .

removed for assay was taken from  the 
lower one-half of the left central lobe. 
Liver vitam in A concentrations were de
term ined according to the method of Gal
lup and Hoefer (7 )  using a Bausch and 
Lomb Spectronic 20 spectrophotometer 
ra ther than  an  Evelyn colorimeter.

Statistical analysis. M ean differences 
were compared using D uncan’s m ultiple 
range test (8 ) .

RESULTS AND DISCUSSION

Experim ent 1. The effects of depletion 
and repletion upon weight gains and feed 
use are shown in table 4. All treatm ents 
produced significantly greater weight 
gains during repletion than  were evident 
in  the basal lot. There were no significant 
differences between treatm ents, however, 
and it appeared that 0.9 m g of ferm enta
tion 3-carotene, 590 IU of vitam in A pal- 
m itate or 1.9 mg of synthetic 3-carotene/ 
kg of diet were all adequate to support 
norm al weight gains from  48 to 99 kg 
body weight.

The effects of depletion and repletion 
upon serum  vitam in A concentration are 
shown in table 5. Serum vitam in A con
centration decreased 30% during the first 
3 weeks of depletion. Subsequent 2-week
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TA B LE 4

W eigh t gain and feed  use of pigs fed  a v ita m in  A free d ie t for a 7-week depletion  period and then  
rep leted  w ith  d iets contain ing ferm en ta tion  (3-carotene, v ita m in  A p a lm ita te  or syn thetic

(3-carotene (exp. 1)

Initial body weight, kg 
Average daily gain, kg 
F eed/ga in

Depletion, 7 weeks 
1 4 .1 (7 2 ) 1 

0 .7 (6 0 )
2 .7 (6 0 )

Repletion, 9 weeks

Lot 1 2 3 4 5 6

Diet Basal Basal -f- fermentation 
/3-carotene

Basal -f vitamin A 
palmitate

Basal -f 
synthetic

/3-carotene

(Assay cone) (0 ) (0.9 m g/kg) (1 .8m g/kg) (590 IU /kg) (1140 IU /kg) (1.9 m g/kg)

Initial body weight, kg 
Average daily gain, kg 
F eed /ga in

5 2 .9 (1 0 )
0.6
4.3

Repletion, 9 weeks 
1 5 0 .7 (1 0 ) 5 2 .8 (1 0 )  

0.7“ 0.8“
3.8 3.9

5 1 .5 (1 0 ) 5 2 .9 (1 0 )  
0.8“ 0.8“
3.7 3.8

5 1 .8 (1 0 )
0 .8“
3.8

1 N u m b e rs  in  p a re n th e se s  in d ic a te  n u m b e r  o f p igs. 
» S ig n if ic a n tly  g re a te r  th a n  le a s t  v a lu e  (P  <  0 .0 5 ).

TA BLE 5

Serum  v ita m in  A concen tration  of pigs fed  a v ita m in  A-free d ie t for a 7-week depletion  period and  
then  rep leted  w ith  diets contain ing ferm en ta tion  (3-carotene, v ita m in  A p a lm ita te  or

syn thetic  (3-carotene (exp. 1)

Depletion, 7 weeks, serum vitam in A cone, ¡ig /1 0 0  m l
Initial value ( 72 ) 1 23
3 weeks (3 6 ) 16
5 weeks (3 0 ) 8
7 w e e k s (6 0 ) 4

Repletion, 9 weeks, serum vitam in A cone

L ot

D ie t

1

B asa l

2  3

B asa l +  f e rm e n ta tio n  
/3-carotene

4  5

B asa l - f  v ita m in  A 
p a lm ita te

6
B a s a l +  

s y n th e tic  
/3-carotene

(A ssa y  c o n e ) ( 0 ) (0 .9  m g /k g )  (1 .8  m g /k g ) (5 9 0  I U /k g )  (11 4 0  I U /k g ) (1 .9  m g /k g )

¡ig/100 ml ¡ig/100 ml ¡ig/100 ml ßg/100 ml ¡ig/100 ml ß g /100ml
2 weeks (5 )  1 2 8“ 12“ 16» 23“ 12“
4 weeks (7 ) 3 11“ 19» 16» 19» 17»
5 weeks ( 2 ) 3 12“ 17“ 14“ 22» 18“
6 weeks (2 ) 2 12 18“ 14 14 12
8 weeks (2 ) 2 10“ 18» 13“ 17» 12“
9 weeks (2 ) 2 12“ 13“ 11 22» 10

1 N u m b e rs  in  p a re n th e s e s  in d ic a te  n u m b e r  o f p ig s  p e r  v a lu e .
a S ig n ific an tly  g re a te r  th a n  le a s t  v a lu e  a t  th is  s tag e  o f re p le tio n  (P  <  0 .0 5 ).
b S ig n ific an tly  g re a te r  th a n  tw o  le a s t  v a lu e s  a t  th is  s tag e  o f re p le tio n  (P  <  0 .0 5 ).
e S ig n ific an tly  g re a te r  th a n  five le a s t  v a lu e s  a t  th is  s tag e  o f re p le tio n  (P  <  0 .0 5 ).

values were each 50% of the immediately 
preceding value until a low of 2 iig/100 
ml was reached. All treatm ents resulted 
in significant increases in  serum  vitam in 
A levels w ithin 2 weeks to levels which 
did not increase fu rther during the 9 
weeks of repletion. Only in  lot 5, where 
1140 IU of vitam in A palm ita te/kg  of 
diet were provided, did serum vitam in A

concentration reach predepletion levels. In 
some instances, but not in all, serum  vita
m in A concentration was significantly 
higher in  those pigs receiving 1.8 m g of 
ferm entation (3-carotene, 1.9 mg synthetic 
(3-carotene, 590 IU or 1140 IU of vitam in 
A palm ita te/kg  of diet than  in  those re 
ceiving 0.9 m g of ferm entation (3-carotene 
/k g  of diet.
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The effects of depletion and repletion 
upon liver vitam in A are shown in table 6. 
A pronounced depletion of liver vitam in A 
was apparent by 3 weeks, and by 7 weeks 
assay values were extremely low. The in i
tial liver vitam in A depot was decreased 
by 93 ng/day during depletion. This is 
about one-half the daily decrease (180 ug) 
noted in  unsupplem ented weanling pigs 
by ffjarde et al. (9 ) . All treatm ents ap
peared to produce an increase in liver 
vitam in A although the differences ob
served were not always statistically sig
nificant. The 2 higher dietary carotene 
levels (1.8 mg ferm entation [3-carotene 
and 1.9 m g synthetic [3-carotene/kg of 
diet) were approximately equal in  their 
effects on liver vitam in A, and the lower 
level of dietary vitam in A (590 IU /kg  of 
diet) tended to support greater liver vita
m in A storage than  the lower level of 
dietary carotene (0.9 m g ferm entation (3- 
carotene/kg of diet). The higher dietary 
vitam in A level (1140 IU /kg  of diet) 
tended to support the greatest liver vita
m in A storage of all.

Experim ent 2. The effects of depletion 
and treatm ent upon weight gains and feed 
use are shown in table 7. Daily gains 
during depletion were norm al. All lots of 
pigs (except lot 7) receiving supplem en
tal levels of [3-carotene or vitam in A 
gained significantly faster than  the basal 
lot. There were no significant differences 
between treatm ents except that lot 8 pigs 
gained faster than  pigs in  lot 7. Two pigs 
in lot 7 gained ra ther poorly during reple
tion but appeared healthy and no lesions 
were noted at slaughter.

Since m axim al weight gains were sup
ported by either 0.5 m g ferm entation 13- 
carotene (833 IU ) or 250 IU of vitam in A 
palm ita te/kg  of diet, it appears that the 
m inim al requirem ents for gains in  swine 
from approximately 50 to 100 kg body 
weight do not exceed these values. Both 
values are slightly below the requirem ent 
estim ates of Braude et al. (1 0 ) who re
ported tha t 40 ug of 3-carotene or 7.7 ug 
of vitam in A /kg of body weight daily were 
adequate for good growth but allowed 
little liver storage. These values are ap
proximately equivalent to 0.7 mg of 13- 
carotene and 380 IU of vitam in A /kg of 
diet. Hentges et al. (1 1 ) suggested that

25 ug of purified caro tene/kg  of body 
weight was the m inim al daily requirem ent 
for depleted 8-week-old pigs to restore in i
tial blood plasm a vitam in A levels and to 
provide some vitam in A liver storage. Ten 
m icrograms per kilogram of body weight 
per day supported good weight gains. If 
the assum ptions of Lucas and Lodge (1 2 ) 
are correct relative to food consum ption, 
these levels are equivalent to 0.4 and 0.16 
m g/kg  of diet.

Using depleted baby pigs from 1 to 8 
weeks old, Frape et al. (1 3 ) observed nor
m al weight gains when the diet contained 
no more than  220 IU of vitam in A palm i
tate/kg . These workers concluded tha t a 
better estim ate of requirem ent was 1760 
IU of vitam in A palm ita te/kg  of diet 
based on cerebrospinal fluid pressure and 
plasm a and liver vitam in A concentration. 
A subsequent report by Frape et al. (1 4 ) 
indicated that m axim al weight gains to 
13 weeks of age were supported by 220 
to 880 IU of vitam in A palm ita te/kg  of 
diet.

Nelson et al. (1 5 ) observed that, for 
the pig to 14 weeks of age, 17.6 to 35.2 ug 
of vitam in A /kg of body weight daily pro
duced norm al plasm a vitam in A concen
trations, some liver storage and low cere
brospinal fluid pressure. Based upon the 
weight-feed intake relationship in  their 
study, this was approximately equivalent 
to 1350 to 2700 IU /kg of diet. M aximal 
gains were produced with the lowest sup
plem ental level, approximately 380 IU /kg  
of diet.

Our data do not perm it the estim ation 
of the relative biopotency of ferm entation 
3-carotene for weight gains because no 
dietary levels of 3-carotene or vitam in A 
palm itate were used which produced 
weight gains interm ediate between the 
m axim al value and the m inim al gain ob
tained with the basal diet. The small dif
ference in  gain between those anim als 
receiving no dietary vitam in A activity 
and those receiving 0.5 m g of ferm enta
tion 3-carotene or 250 IU of vitam in A 
palm ita te/kg  of diet m akes it difficult to 
produce such an estimate. Experience 
with ra ts suggests that the growth re
sponse to selected levels of vitam in A (16) 
or all-ircms-3-carotene (1 7 ) closely paral
lels liver vitam in A storage.
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Serum and liver vitam in A values are 
presented in  table 8. Serum levels de
clined to 25% of the initial values after 
8 weeks of depletion. Treatm ent resulted 
in significant increases in  serum  vitam in 
A in all lots, except lot 2, after 2 weeks 
of repletion. These levels did not increase 
further. Predepletion serum  vitam in A 
concentrations were achieved only in  lots 
which received at least 3.5 m g of ferm en
tation 3-carotene or 1000 IU of vitam in A 
palm ita te/kg  of diet.

W hether the theory is favored that vita
m in A is derived from ¡3-carotene prim a
rily by central cleavage (18, 19) or by a 
step-by-step breakdown involving (3-oxida
tion (20, 21 ), the sources of vitam in A 
activity used here m ay be compared on 
a mole per mole basis by expressing die
tary concentrations of (3-carotene or vita
m in A palm itate in  international units 
and calculating the regression of total 
liver vitam in A or liver vitam in A concen
tration upon dietary vitam in A activities. 
This assumes that daily feed intakes in  
each treatm ent group were equal. By di
viding the regression coefficient of the 
(3-carotene source by the regression coeffi
cient of the reference m aterial (all-trims 
vitam in Ai palm itate) and m ultiplying by 
100, the potency of the carotene source 
relative to the potency of the reference 
m aterial can be calculated. The procedure 
using the ra t (6 )  has been somewhat 
modified, and the liver vitam in A values 
of pigs that continued to be fed the basal 
diet during the repletion period were not 
used in calculating the regression values.

Using total liver vitam in A after 9 
weeks of repletion as the criterion, the 
relative biopotency of ferm entation (3-caro
tene was 11.5% com pared with that of 
all-trims vitam in Ai palm itate. The rela
tive biopotency of ferm entation (3-caro
tene, when using liver vitam in A concen
tration as the criterion, was 11.4% . 
Previous estim ates (10 ) of the conversion 
of (3-carotene into vitam in A alcohol by 
swine indicated an efficiency no greater 
than  30 to 40% on a mole per mole basis.

The regression equations fitted to the 
data by the m ethod of least squares 
(fig. 1) are as follows:

(1 )  Y =  -4 .8 7  +  0.0174 X 
where Y =  mg vitam in A /liver, and 
X =  IU of all-trims vitam in Ai 
palm ita te/kg  diet

(2 ) Y = -0 .6 3 6  +  0.002 X 
where Y =  mg vitam in A /liver, and 
X =  IU of ferm entation (3-carotene/ 
kg diet

(3 )  Y =  -1 1 .4  +  0.0429 X 
where Y =  ug vitam in A /g  dry liver, 
and X =  IU of all-trims vitam in Ai 
palm ita te/kg  diet

(4 )  Y = -1 .0 8  +  0.00488 X 
where Y =  ug vitam in A /g  dry liver, 
and X =  IU of ferm entation 
(3-carotene/kg diet.

The data presented here indicate that 
1 mg ferm entation (3-carotene is equiva
lent to 192 IU of all-trims vitam in Ai 
palm itate for the support of liver storage 
in the depleted pig from 50 to 100 kg of 
body weight. The relationship currently 
accepted by the National Research Coun
cil (NRC) (22 ) is that “1 mg of carotene 
equals 533 IU vitam in A for the pig.” The 
difference between these values m ay be a 
reflection of relatively lower utilization of 
ferm entation (3-carotene as compared with 
the carotene serving as the basis for the 
NRC recom m endations. Just as likely, is 
the possibility that the vitam in A refer
ence m aterial used here was more effi
ciently utilized by the pig than  the vita
m in A standard upon which the NRC 
recom m endations were based. In any 
case, a judgm ent of the usefulness of pre
formed vitam in A and provitam ins A is 
dependent upon the available isomers 
present (17, 23, 24) and how carefully 
these are protected against change. The 
isomers were carefully characterized in 
this study and no m easurable change was 
noted in  their distribution or concentra
tion in  the experim ental feeds from  the 
time of m ixing until they were consumed. 
Therefore, the use of a single expression 
relating carotene and vitam in A activity 
for the pig is erroneous and an expression 
of relationship m ust identify the stereo- 
isomeric form s being compared.
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Fig. 1 Regression equations relating total liver vitam in A and dietary concentration of 
all-trares-vitamin Ai palm itate or ferm entation /3-carotene.

LITERATURE CITED
Ciegler, A., A. A. Lagoda, V. E. Sohns, H. H. 
H all and R. W. Jackson 1963 Beta-car
otene production in  20-liter fermentors. 
Biotech. Bioeng. J., 5: 109.
Bickoff, E. M., L. M. W hite, A. Bevenue and 
K. T. W illiam s 1948 Isolation and spectro- 
photometric characterization of four caro
tene isomers. J. Assoc. Off. Agr, Chem., 
31: 633.
Bickoff, E. M., M. E. Atkins, C. F. Bailey 
and F. Stitt 1949 Stereoisometric analysis 
of /3-carotenes. J. Assoc. Off. Agr. Chem., 
32: 766.
Bickoff, E. M. 1957 Determ ination of car
otenes. In Methods of Biochem ical Analy
sis, vol. 4, ed. D. Glick. Interscience Pub
lishers, Inc., N ew  York, p. 33.
Association of Official Agricultural Chem
ists 1960 Official Methods of Analysis. 
W ashington, D. C.
Embree, N. D., S. R. Ames, R. W. Lehm an  
and P. L. Harris 1957 Determ ination of 
vitam in A. In Methods of B iochem ical 
A nalysis, vol. 4, ed. D. Glick. Interscience 
Publishers, Inc., N ew  York, p. 43.
Gallup, W. D., and J. A. Hoefer 1946 
Determ ination of vitam in A in liver. Ind. 
Eng. Chem. (Analyt. ed .), 18: 288.
Duncan, D. B. 1955 Multiple range and 
m ultiple F tests. Biom etrics, 11: 1.
Hjarde, W., A. Neim ann-Sprensen, B. Pal- 
ludan and P. H. Sprensen 1961 Investiga
tions concerning vitam in A requirement, 
utilization and deficiency sym ptom s in  pigs. 
Acta Agr. Scand., 11: 1.
Braude, R., A. S. Foot, K. M. Henry, S. K. 
Kon, S. Y. Thom pson and T. H. Mead 1941 
Vitam in A studies w ith  rats and pigs. Bio- 
chem . J., 35: 693.

11. H entges, J. F., Jr., R. H. Grummer, P. H. 
Phillips and G. Bohstedt 1952 The m in i
m um  requirem ent of young pigs for a puri
fied source of carotene. J. Anim al Sci., 
11: 266.

12. Lucas, I. A. M., and G. A. Lodge 1961 
The nutrition of the young pig. Common
w ealth Agricultural Bureaux, Farnham  
Royal, Bucks, England.

13. Frape, D. L., V. C. Speer, V. W. Hays and D. 
V. Catron 1959 The vitam in A requirem ent 
of the young pig. J. Nutrition, 68: 173.

14. Frape, D. L., V. C. Speer, V. W. Hays and 
D. V. Catron 1959 Thyroid function  in  
the young pig and its relationship w ith  
vitam in A. J. Nutrition, 68: 333.

15. Nelson, E. C., B. A. Dehority, H. S. Teague, 
V. L. Sanger and W. D. Pounden 1962 
Effect of vitam in A intake on some biochem 
ical and physiological changes in  sw ine. J. 
Nutrition, 76; 325.

16. Am es, S. R., and P. L. Harris 1956 Slope- 
ratio liver-storage bioassay for vitam in A. 
Analyt. Chem., 28; 874.

17. Johnson, R. M., and C. A. B aum an 1947 
Storage and distribution of v itam in A in  
rats fed certain isomers of carotene. Arch. 
Biochem ., 14: 361.

18. Hunter, R. F. 1946 The conversion of 
carotene into v itam in A. Nature, 158: 257.

19. Olson, J. A. 1961 The conversion of radio
active /3-carotene into vitam in A by the rat 
intestine in vivo. J. Biol. Chem., 236: 349.

20. Glover, J., and E. R. Redfearn 1954 The 
m echanism  of the transform ation of ^-car
otene into vitam in A in  vivo. B iochem . J. 
58: xv.

21. Koizumi, I., T. Suzuki and Y. Sahashi 1963 
Metabolic pathways of carotene to v itam in A



F E R M E N T A T IO N  ß-C A R O TEN E FO R  S W IN E 3 8 5

in anim als. III. Degradation of /3-carotene 
and vitam in A in  rat intestine. J. Vita- 
m inol., 9: 154.

22. N ational Research Council, Committee on 
Anim al Nutrition 1959 Nutrient require
m ents o f dom estic anim als. N utrient re
quirem ents o f sw ine, pub. 648. N ational 
Academ y of Sciences — N ational Research  
Council, W ashington, D. C.

23. Am es, S. R., W. J. Swanson and P. L. Harris 
1955 B iochem ical studies on v itam in A. 
XIV. Biopotencies of geometric isom ers of 
vitam in A acetate in  the rat. J. Am. Chem. 
Soc., 77: 4134.

24. Am es, S. R., W. J. Swanson and P. L. 
Harris 1955 Biochem ical studies on vita
m in  A. XV. Biopotencies of geom etric iso
m ers of vitam in A aldehyde in  the rat. J. 
Am. Chem. Soc., 77: 4136.



Applicability to Chicks of the Carcass Analysis Method 
for Determination of Net Protein Utilization
II. EFFECT OF PROTEIN, CALORIE AND FIBER LEVEL

H. J. H. d e  MUELENAERE, ROSALIE S. MARTIN a n d  M. G. MURDOCH
D epartm en t of B iochem istry, U n iversity  of N atal, P ieterm aritzburg,
South A frica

ABSTRACT  Feeding experim ental diets at 4 protein levels (7 .5 , 10, 12, 5 and 15% ) 
had no significant influence on the regression relationship between carcass nitrogen  
and water content o f chicks. A study of the effect o f protein level on net protein  
utilization (N P U ) and net protein ratio (N P R ) involving 5 different protein sources, 
each fed  at 4  supplem entation levels, showed that the diet containing 10% pro
tein consistently resulted in  the highest NPU and NPR values for all the proteins 
under test. The conversion factor required to calculate protein retention efficiency  
(PR E ) from  NPR w as found to be independent of the protein level in  the experim ental 
diet. A distinct difference exists between the conversion factor to be used for rats and 
chicks, respectively. The practical im portance of PRE derived from  w eight gains 
during a 9-day experim ental period as an estim ate of NPU is discussed. The effect of 
varying levels of starch, (10 , 20 and 30% ), oil (4 , 8 and 12% ) and cellulose (zero and 
4% ) on the NPU value of a 10% casein diet was tested in  a factorial experim ent.
The NPU value w as not influenced significantly by either calorie level or fiber level. 
Substitution of 20% of sucrose in  the experim ental diet w ith cornstarch resulted in
significantly higher NPU and NPR values.

Results obtained by De M uelenaere et al. 
(1 )  have shown that the carcass analysis 
method for determ ining net protein utiliza
tion (N PU ) could be applied successfully 
to chicks. Summers and Fisher (2 )  con
firmed these observations and suggested 
tha t proteins under test should be supple
m ented at the 13% level and not at 7% 
as used in  the earlier study (1 ) . They 
ascribed the difference in  the factor re
quired to convert net protein ratio (N PR) 
to protein retention efficiency (PRE), found 
by these 2 groups of workers, to the differ
ent protein levels used in  the experim ental 
diet. De M uelenaere et al. (1 )  had reported 
such a difference in  the NPR-PRE conver
sion factor to exist between ra ts and chicks 
and suggested it was the result of breed 
difference.

Ascarelli and Gestetner (3 ) , working 
with a different breed of chicks, fed a 10% 
protein diet, reported a NPR-PRE conver
sion factor of 17.1. The factor was ob
tained from the regression between NPU 
and NPR as originally suggested by Ben
der and Doell (4 ) . The factor of 18 sug
gested by Summers and Fisher was de
rived from  the average carcass protein.

The nitrogen and w ater content of car
casses of chicks of the same age was found

to be highly correlated and a regression 
equation was form ulated which could be 
used to estim ate carcass nitrogen from 
the w ater content (1 )  Summers and 
Fisher (2 )  assigned 4 replicates to each 
test diet. They determined the nitrogen- 
to-water ratio of the pooled chick carcasses 
in  one replicate and used this ratio to esti
m ate the carcass nitrogens of the chicks 
in the rem aining replicates.

Later reports by Fisher and his co
workers (5, 6) have established the practi
cal im portance of the carcass retention 
method to assess protein value for chicks.

In the present study NPU, NPR and 
PRE values of several proteins fed at dif
ferent levels are reported. The effect of 
dietary protein level on the NPR-PRE con
version factor was investigated for both 
rats and chicks. The effect of calorie level, 
fiber content and cource of carbohydrate, 
present in  the experim ental diet, on these 
values was also studied.

EXPERIMENTAL TECHNIQUES 
AND METHODS

Experim ental animals. All chicks used 
in  these investigations were females from 
an autosexing cross between New Hamp-

R eceived  fo r  p u b lic a tio n  N o v em b er 17, 1964.

386 J . N u t r i t i o n , 85: *65
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shire (laying stra in ) m ales and interbred 
Fi New Ham pshire X Light Sussex fe
males. The one-day-old chicks were given 
a standard chick m ash for 4 days. On the 
fifth day they were wing-banded, weighed 
and allocated at random  to the different 
treatm ents. The average weight of chicks 
at that age was 44.1 g. After the chicks had 
been fed the experim ental diet for 9 days, 
they were starved for 18 hours prior to 
killing. W ater was w ithdraw n 8 hours be
fore the anim als were killed.

W eanling m ale ra ts (W istar strain ) 
weighing, on the average, 35 g were allo
cated to the experim ental diets. The ex
perim ental period, as in  the case of the 
chicks, was of 9 days’ duration. The rats 
were also starved for 18 hours before 
killing but w ater was not w ithdrawn.

Experim ental diets. The experim ental 
diet used in  this study can be classified 
into 3 categories. The first group of diets 
was used in  an  experim ent designed to test 
the effect of protein level on the regression 
between carcass nitrogen and w ater con
tent. A mixed protein concentrate com
posed of fish meal, 50 parts; carcass meal, 
20 parts; and blood meal, 10 parts, was 
added to the experim ental diet to give 7.5,
10.0, 12.5 and 15.0% of protein content. 
The other dietary components were as fol
lows: (in  per cen t) salts (7 ) , 5; cod liver 
oil (containing 15 mg tocopherol/50 ml of
oil), 1; choline chloride, 0.15; inositol, 0.1; 
vitam in m ixture ( l ) , 1 1; maize oil, 4; 
and maize starch to make the ration up to 
100%. The regression between carcass 
nitrogen and w ater was established in 2 
independent experim ents for both the 7.5 
and 15% protein ration. These experi
m ents were carried out at different times 
to test whether the nitrogen-water relation
ship would differ with the season.

In the second trial the basal diet was 
sim ilar to the previous one except for the 
protein source. Fishmeal, carcass meal, 
groundnut meal, sunflower m eal and com
mercial casein were each added to the 
respective experim ental diets to contain
7.5, 10, 12.5 and 15% of protein. The 
nitrogen free diet was identical to the basal 
diet (w ithout added protein concentrate) 
described above.

In  the last experim ent, which was de
signed to test the effect of calorie level,

fiber content and source of carbohydrate 
on the NPU value of 10% casein, 18 dif
ferent rations were prepared. These were 
obtained by combinations of 3 levels of 
maize starch (10, 20, and 30% ) 3 levels 
of maize oil (4, 8, and 12% ) and 2 levels 
of cellulose powder (zero and 4% ). The 
rem aining components of the diets were 
identical with those in  the basal m ixture 
described above except th a t sucrose was 
used to make the diets up to 100% .

Analytical methods and experimental 
design. After killing the experim ental 
anim als, the carcasses were wrapped in 
circular filter paper (24-cm diam eter), 
placed in Petri dishes and dried in  a 
forced-draft oven at 105°. After the car
casses had been dried to consistent weight 
they were predigested with concentrated 
HC1 on a sandbath for 24 hours. The 
suspension was m ade up to volume and 
Kjeldahl determ ination (using m ercuric 
oxide as catalyst) carried out on triplicate 
aliquots.

No nitrogen determ inations were per
formed on the ra t’s carcasses. These 
values were estim ated from  the age and 
w ater content by using the following 
m ultiple regression equation y =  184.53 +  
43.0362 Xi +  3.5736 x2 where y is the 
estim ate of nitrogen content of the carcass 
in  m illigrams, x% the w ater content in 
grams and x 2 the age of the ra t in  days
(8 ) . NPU was determ ined by the method 
of Bender and Doell (4 ) :

NPU =  Ik x  to o
If

where Bf and It denote, respectively, car
cass nitrogen and nitrogen intake of rats 
fed the protein-containing diet. Bk and h  
represent the carcass nitrogen and nitro
gen intake of rats fed the protein-free diet. 
NPR was determ ined by the following 
form ula (4 ) :
W eight gain of anim als , W eight loss of anim als 

fed test diet +  fed protein-free diet
Protein consum ed

NPR,
Then, PRE =  NPR X conversion factor. 
The PRE was calulated as described by

1 The vitamin mixture contained the following: 
(in  milligrams) p-aminobenzoic acid, 500; thiamine, 
30; riboflavin, 60; pvridoxine, 40; Ca pantothenate, 
200; biotin, 2; folic acid, 10; menadione, 50; vitamin 
B12, 0.2; and (in grams) nicotinic acid, 1; and glu
cose to make 100 g.
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Bender and Doell (4 ) . The conversion 
factor used was the regression coefficient 
for NPU on NPR, assum ing th a t the re
gression line goes through the origin.

The NPU and NPR values in  trial 2 were 
determ ined for the respective test proteins 
using chicks and rats. For the chicks each 
value was determ ined in  quadruplicate, 
each replicate consisting of 5 animals. The 
values for the ra ts were obtained by tripli
cate determ inations, each replicate con
taining 4 rats. Unless otherwise indicated 
in  the text the weight changes used for 
NPR determ ination were those obtained 
after the anim als had  been starved for 
18 hours ju st prior to killing.

In the third trial the diets consisted of 
a factorial set. The 3 factors were starch, 
oil and cellulose with 3, 3 and 2 levels, 
respectively, of application. Each of the 
18 diet combinations was allocated to a 
group of 6 chicks in  each replicate of a 
randomized block design with 3 replicates.

RESULTS

Effect  of protein level on the correlation 
between water and nitrogen content of 
chicks. The influence of dietary protein 
level on body composition and regression 
between nitrogen and water content is 
shown in table 1. Analysis of variance of 
the respective regression equations (9 ) 
reveals no significant difference between 
the regression lines. Furtherm ore there 
is no significant evidence of any differ
ence in  estim ates obtained in 2 separate 
experim ents carried out at the 7.5 and 
15% levels, thus supporting the view that

the regression relationship does not alter 
from  experim ent to experiment. The nitro
gen and water contents of the 211 chicks 
fed at the different levels of protein were 
therefore pooled to give the following re
gression equation:

x l =  130.5 +  36.5 X2

where Xi is the estim ate of the carcass 
nitrogen in  milligrams and x2 the w ater 
content of the carcass in  grams. The range 
of the data from  which this equation was 
derived lies between 22.15 and 63.9 g of 
carcass water. The standard  error of a 
single estim ated Xi would lie between 80.9 
and 83.0 mg. This combined regression 
equation is used to estim ate the carcass 
nitrogen in  all the subsequent chick ex
perim ents carried out in  the present study.

Effect of  protein level on NPU,  NPR,  
PRE and NPR-PRE conversion factor. In 
table 2 are shown the NPU, NPR and PRE 
values as determ ined with chicks for the 
5 protein sources each fed at 4 different 
protein levels. All the NPU’s determined 
at the 10% level are significantly higher 
than  values obtained at any of the other 
dietary protein levels. A closer inspection 
of the NPU and NPR values reveals a 
high degree of association between these 
2 values. The regressions to estim ate 
NPU from NPR at the 4 different pro
tein levels did not show any significant 
difference: 7.5% protein, y =  15.75 x; 
10% protein, y =  15.43 x; 12.5% protein, 
y =  15.59 x; and 15% protein, y =  15.38 x, 
when y is the estim ate of NPU and x the 
NPR value. On analysis of variance of 
these regression equations no significant

TABLE 1
Carcass com position  and regression of n itrogen on w a ter con ten t o f chicks fed  rations

contain ing protein  at varying levels

Protein levels, % 7.5 10 12.5 15
No. of animals 68 36 35 72

W ater content, % 67.4 ± 0.2 1 66.6 ± 0.3 67.0 ±  0.4 68.2 ± 0.2

Protein content, % 17.1 ± 0.4 16.9 ± 0.4 16.7 ±  0.2 17.0 ± 0.4

Nitrogen content, % 
of dry carcass 8 .1 5 ± 0.09 8.10 ± 0.09 8 .1 5 ±  0.08 8.38 ± 0.08

Ratio of water, 
( g ) / N ( g ) 24.9 ± 0.2 24.6 ± 0.2 25.1 ±  0.2 25.3 ± 0.1

Regression  
equation, x 2 124.41 +  36.34x2 233.97 +  34.04x2 152.01 +  35.91x2 141.42 +  36.35x2

1 s e  o f  m e a n .
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TA BLE 2

N et prote in  u tiliza tion  (NPU), net prote in  ratio (NPR) and. p ro te in  re ten tion  efficiency (PRE) 
values of proteins fed  a t d ifferen t levels as determ ined w ith  chicks

Protein 
content 

of ration
Protein
source NPU NPR PRE

%
7.5 Fish m eal 

Carcass m eal 
Groundnut m eal 
Sunflower m eal 
Casein

47.9 ± 2 .2  1 
33.7 ±  3.0 
45.1 ± 2 .9  
53.0 ±  1.5 
38.4 ±  1.6

2.72 ± 0 .2 7  
2.23 ±  0.28 
2.74 ± 0 .5 2  
3.52 ± 0 .3 3  
2.56 ± 0 .4 9

42.3 ± 1 .8  
3 4 .6 ±  3.4 
42.6 ± 5 .4  
5 4 .7 ± 3 .0  
3 9 .7 ± 2 .7

10 Fish m eal 
Carcass m eal 
Groundnut m eal 
Sunflower m eal 
Casein

6 2 .0 ±  5.1 
53.6 ± 2 .2  
49.8 ± 1 .2  
56.5 ±  1.1 
5 8 .2 ± 0 .8

4.09 ± 0 .3 8  
3.47 ± 0 .0 7  
3 .0 6 ± 0 .1 5  
3 .6 5 ± 0 .1 0  
3.78 ±  0.15

6 3 .5 ± 4 .7  
5 3 .9 ±  0.7 
47.5 ± 2 .3
56.7 ±  1.6
58.7 ± 2 .3

12.5 Fish m eal 
Carcass m eal 
Groundnut m eal 
Sunflower m eal 
Casein

49.5 ± 1 .0
35.2 ± 2 .9  
30.1 ±  1.5
40.5 ±  1.0
38.3 ± 1 .2

3 .1 7 ±  0.12  
2.33 ±  0.22  
1.68 ± 0 .3 5  
2.49 ± 0 .2 0  
2.64 ± 0 .1 7

49 .2 ±  1.0
36.1 ± 2 .6
26.1 ± 2 .7  
38.7 ±  1.8 
40.9 ±  2.5

15 Fish m eal 
Carcass m eal 
Groundnut m eal 
Sunflower m eal 
Casein

4 3 .2 ±  1.6 
3 0 .1 ± 0 .8  
3 3 .2 ±  3.8
40.8 ± 0 .4
34.8 ± 1 .0

2.64 ± 0 .2 4  
2.10 ±  0.11 
2.09 ± 0 .1 4  
2.58 ± 0 .2 0  
2.48 ± 0 .1 3

4 1 .0 ± 3 .6  
32.6 ±  1.6 
32.4 ± 0 .9  
40.1 ±  3.4 
3 8 .5 ± 2 .2

1 s e  o f  m e a n .

difference was found to exist between 
them. By definition, the m ultiplication of 
NPR by b, which is the slope of the regres
sion line, gives the PRE. The slope of the 
4 lines, also referred to as the NPR-PRE 
conversion factors are not significantly dif
ferent from  each other. The regression 
equation of PRE in term s of NPR calcu
lated from  the pooled data gives the follow
ing conversion ration PRE =  15.53 NPR. 
The PRE’s obtained by using this conver
sion factor are shown in table 2.

TA B LE 3
NPR-PRE 1 conversion  factors for ra ts and chicks

P ro te in C h icks R a ts
leve l A ! B 3 A B

%
7 .5 1 5 .7 5 1 3 .9 2 1 8 .0 9 15 .5 1

10 1 5 .4 3 1 4 .1 6 1 7 .5 9 1 5 .4 7
1 2 .5 1 5 .5 9 13 .11 1 8 .5 0 1 5 .7 3
15 1 5 .3 8 — — —

1 N P R  in d ic a te s  n e t  p ro te in  ra t io ;  P R E  in d ic a te s  
p ro te in  re te n t io n  efficiency.

2 V a lu es  in  c o lu m n  A c a lc u la te d  f ro m  c h a n g e  in  
w e ig h t a f te r  a n im a ls  h a d  b e e n  fa s te d  fo r  18 h o u rs  
p r io r  to  k illin g .

3 V a lu es  in  c o lu m n  B c a lc u la te d  f ro m  c h a n g e  in  
w e ig h t, w ith  f in a l  w e ig h t c h a n g e s  re c o rd e d  ju s t  b e fo re  
th e  a n im a ls  w e re  fa s te d .

In table 3 the NPR-PRE conversion fac
tors obtained with chicks are compared 
with those calculated from  an experim ent 
in  which ra ts were fed the respective diets 
used in  the chick study. In  the table, 2 con
version factors, referred to under column 
A and B, are shown for the chicks and rats. 
The factors in  column A are calculated 
from  the change in weight after the ani
m als had been fasted for 18 hours just 
prior to killing. The values in  column B 
are calculated in  an  identical m anner as 
for A except tha t the final weight changes 
were recorded just before the anim als were 
fasted. Since the weight changes will be 
less in  m ethod A the NPR values are lower 
and hence the slope of the regression lines 
steeper, or the NPR-PRE conversion factor 
higher. The NPR-PRE conversion factor 
for rats is consistently higher than  in  the 
case of chicks fed the same diets. The con
version factors were, however, not signifi
cantly influenced in  either species by the 
dietary protein level.

Effect  of calorie, fiber and starch levels 
on the NPU and NPR values. The mean 
NPU and NPR values of the factorial ex-
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TABLE 4
M ean net protein  u tiliza tion  (NPU) and n e t prote in  ratio  (NPR) values of factorial experim en t

E ffec t o f o il E ffec t o f s ta r c h E ffec t o f c e llu lo se

L evel N P U  i N P R  2 L evel N P U 1 N P R  2 Level N P U  3 N P R  3

% % %
4 4 8 .8 6 3 .1 6 10 4 5 .8 1 3 .0 9 n i l 4 6 .4 2 3 .1 8
8 4 7 .2 8 3 .1 8 2 0 5 0 .2 5 3 .3 2 4 4 8 .6 2 3 .2 2

12 4 6 .4 2 3 .2 8 30 4 6 .5 2 3 .2 0 — — —

1 s e ,  1.027; leas t sign ifican t difference a t 5% level, 2.95; a t 1% level, 3.96.
2 s e ,  0.0516; least significant difference a t 5 % level, 0.14; a t 1% level, 0.19. 
2 s e , N PU, 0.838; s e , NPR, 0.0421.

périm ent are shown in table 4. There is 
evidence that the NPU and NPR values are 
significantly affected by the level of starch. 
The highest values are obtained at the 
20% level. The increase in  value from 
10 to 20% is significant for both NPU and 
NPR but the decrease in  value from the 
20 to 30% level does not attain  signifi
cance in  the case of NPR, although the 
trend is sim ilar for both NPU and NPR. 
Different levels of cellulose or oil have no 
significant effect on the NPU and NPR 
values. Some evidence can be found for an 
interaction between cellulose, oil and su
crose for the NPR values, a component 
of this interaction attain ing significance 
at the 5% level.

DISCUSSION

From the study involving analyses of a 
large num ber of individual chicks, it was 
found that the protein and w ater content 
of chick carcasses is not significantly in 
fluenced by dietary protein levels. Al
though the values published by Summers 
and Fisher (2 )  show an increase with in 
creasing dietary protein, such a tendency 
was not observed in  the present study. 
However, the dietary protein in  the present 
study ranged from  7.5 to 15% as com
pared with 12 to 27% in Summ er’s study. 
The chicks were also older and the initial 
weights larger in  the la tter study.

Although the nitrogen and w ater con
tent does not correspond in  the respective 
studies the water-to-nitrogen ratios are in 
close agreement. This constancy of the 
water-to-nitrogen ratio is indirectly sub
stantiated by the fact that on analysis of 
variance of the regression of nitrogen on 
w ater content of chicks no significant dif
ference could be found between the respec
tive regression equations. As previously

emphasized (1, 4 ) the use of this ratio to 
estim ate the nitrogen content of the chick 
from its w ater content elim inates the labo
rious nitrogen determ ination and makes 
the whole m ethod relatively simple. If the 
water-to-nitrogen ratio obtained from  the 
analysis of 5 pooled birds of one replicate 
is used to calculate the nitrogen content 
of the other replicates, as suggested by 
Summers and Fisher (2 ) , all inform ation 
of individual variation is lost. In such a 
case it is impossible to calculate the extent 
of error introduced by estim ating carcass 
nitrogen from the water content. The use 
of the regression equation to estim ate car
cass nitrogen is therefore to be preferred 
from the statistical point of view.

Although it is generally accepted (4, 10) 
that biological value and NPU determ ina
tions should be carried out with rations 
containing 10% of protein, the 2 previous 
studies (1, 2 ) dealing with the applicabil
ity of the carcass analysis m ethod to chicks 
do not comply with this practice. In the 
first study in  this field, which was con
cerned m ainly with NPU values of maize, 
a diet containing 7% protein had to be 
used because the cereal protein level was 
too low to reach the 10% level. This low 
level was criticized by Summers and Fisher
(2 ) and they proposed the use of an ex
perim ental diet containing 13% protein. 
From the NPU values obtained for 5 dif
ferent protein sources (table 2) it appears 
that 10% dietary protein is the optimal 
level for NPU determ inations with chicks.

The high correlation found to exist be
tween NPU and NPR values is in  accord 
with results obtained for ra ts (4 ) . The 
estim ation of NPU from  the NPR is re
ferred to as the PRE value in  order to dif
ferentiate it from  NPU which is the value 
obtained from the nitrogen retention. It
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is evident that there is good agreement 
between the 2 values but the standard 
errors are in  general higher for the PRE’s 
than  for the NPU’s. This is in line with 
the observation that growth methods are 
subject to more individual variation than  
balance methods (1 1 ). The fact that PRE, 
a value derived from  growth, can be 
equated with the product of digestibility 
and biological value has a great advantage 
over any of the other growth methods used 
to assay protein quality for chicks. This 
is of practical im portance since no separa
tion of urine from  feces is required, the 
determ ination does not involve any chemi
cal analysis and the experim ental period is 
of only 9 days’ duration.

Some disagreem ent still appears to exist 
concerning the NPR-PRE conversion fac
tor. Summers and Fisher attem pted to ex
plain the difference found between their 
conversion factor of 18 and that of 13 re
ported by De M uelenaere et al. as being the 
result of difference in  protein level in  the 
experim ental diets used by the respective 
workers. From results obtained in  this 
study no such relationship can be ob
served; analysis of variance of the respec
tive regression lines did not show a differ
ence in  slope. In  table 3, two NPR-PRE 
conversion factors are listed. The lower 
values for NPR-PRE conversion factor for 
chicks are sim ilar to the value reported in 
an earlier publication (1 )  and are obtained 
from the NPR calculation which uses the 
weight gain of chicks before the final star
vation period. This is the procedure de
scribed by Bender and Doell (4 )  in their 
original paper on NPR determ ination with 
rats. Because both Summers and Fisher
(2 )  and Ascarelli and Gestetner (3 )  cal
culated their NPR values from weight 
gains recorded after fasting their experi
m ental anim als, a sim ilar procedure was 
applied in  the present study for com para
tive purposes. The new method of NPR 
calculation results in  a considerably higher 
value for the conversion factor but it is 
still lower than  the value obtained by these 
other workers. The values for rats listed in 
column B are very close to those reported 
by Bender and Doell (4 ) , whereas the new 
method of calculation yields a higher 
value. However, whatever method of cal
culation is adopted, the conversion factor

for rats rem ains consistently higher than 
for the chicks.

The observation that both NPU and 
NPR, as determined with chicks, are lower 
at the 7.5% protein level than  at the 10% 
level, is not in line with the general ac
cepted view that NPU decreases with 
increasing protein level in  the experim en
tal diet. In the experim ent with ra ts fed 
identical diets no such decrease in NPU 
values for the 7.5% protein level was ob
served. It therefore appears that chicks 
behave differently.

The results of the factorial experim ent 
agree with the generally accepted fact that 
biological value is not influenced by the 
calorie value of the ration, provided it is 
adequate (12, 13). Concerning the effect 
of different levels of starch, it appears that 
chicks behave differently from rats. Where 
NPU values (by carcass analysis) obtained 
with ra ts fed diets containing either starch 
or sucrose or a combination of the two, as 
source of carbohydrate, did show no con
sistent differences (1 4 ) , the NPU’s for 
chicks appear to be influenced by the 
source of carbohydrates.
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Protein Reserves and Growth of the Walker 
Carcinosarcoma * 1 in Rats

R. W. WANNEMACHER, JR. a n d  M. B. YATVIN 2'3
Bureau of B iological Research, R utgers — The State U niversity,
N ew  B runsw ick, N ew  Jersey

ABSTRACT  In rats bearing a W alker 256 carcinosarcom a, carcass w eight and 
serum album in decreased, whereas liver weight, RNA, protein and free am ino acids 
increased. W hen the tumor-bearing anim als were fed a protein-free diet for 3 days 
before autopsy, the levels of liver RNA and protein decreased. However, there was 
no effect upon tumor size or com position. W hen the protein reserves of the host 
were reduced by feed ing a protein-free diet for 2 weeks prior to the im plantation of 
the tumor, the growth rate, RNA-to-DNA ratio and protein content of the tumor de
creased markedly. To test the hypothesis that the tumor utilizes the am ino acids of 
the protein reserves for its rapid growth, an experim ent w as performed w hich com 
pared the turnover rate o f radioactive serum in tumor-bearing and control rats. In 
the tumor-bearing rats, the catabolic rate o f serum  globulin and albumin w as in 
creased, as w as the biosynthetic rate of globulin but not that of albumin. The data 
suggest that there is a correlation between the m agnitudes of the host’s protein  
reserves and free am ino acid pool size and the growth rate of the W alker 256 car
cinosarcom a. On the basis of the foregoing inform ation a m odel was proposed to 
explain protein m etabolism  in  the tumor-bearing anim al.

As the W alker 256 carcinosarcom a de
velops, there is a m arked reduction in  the 
weight of the carcass and in  the concen
tration of serum  album in (1 -5 ) . From 
this it has been concluded that rapidly de
veloping tum ors grow at the expense of 
the protein reserves of the body (1 ) . The 
protein reserves have been defined as those 
proteins which can be reversibly depleted 
during conditions of nutritional stress (6 ) .

W hen anim als were fed a protein-free 
diet, there was a reduction in  the protein 
reserves of the organism (6 ) . In other 
studies (7 -9 )  tum ors did not grow as rap
idly in  ra ts that were fed a protein-free diet 
prior to im plantation. It has also been re
ported (7 )  that a lower ribonucleic acid 
(RNA) content prevailed in  tum or tissue 
from  rats that were fed a protein-free diet 
as compared with tum ors from anim als 
fed a protein diet. However, when rats 
with well-established tum ors were fed a 
protein-deficient diet, there was no change 
in  the growth rate or RNA content of their 
tum or tissue (10, 11). In  these latter ex
perim ents, it appeared tha t the protein re
serves of the host supported norm al tum or 
development. In the present study, con
centrations of RNA, protein and free 
am ino acids were m easured in the tum ors 
and livers of ra ts that were fed a protein-

free diet for various time periods before 
and after im plantation of the W alker 256 
carcinosarcoma. These results were cor
related with the protein reserves and m eta
bolic activities of the tumor-bearing hosts.

MATERIALS AND METHODS
Dietary regimen and care of animals. 

Male W istar rats (100 to 150 g) were di
vided into 4 groups of 10 anim als each. 
The first group was fed a protein-free diet 
(1 2 ) for 2 weeks, after which a homogen
ate of the W alker 256 carcinosarcom a was 
im planted subcutaneously in  a lateral posi
tion of the rat. After im plantation, these 
anim als were fed the protein-deficient diet 
for an additional 15 days. The second and 
third groups of ra ts were fed an 18% 
casein diet (12 ) for 2 weeks and then im 
planted with W alker tumor. The casein 
diet was continued for 12 days following 
im plantation, after which group 2 was fed 
a protein-free diet, whereas group 3 was 
m aintained with 18% casein for the next 
3 days. The fourth group, which served as
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non-tum or controls, was fed the 18% ca
sein diet throughout the experim ental 
period. F ifteen days after im plantation, 
the tumor-bearing and control ra ts were 
killed, and samples of liver, tum or and 
serum were taken for chemical analyses. 
All anim als were housed at a tem perature 
of 26 ±  1° with a relative hum idity of 
40% . Animal quarters were illum inated 
daily from 6 a m  to 6 p m . Daily food in 
takes and weekly body weights were re 
corded for each anim al throughout the 
experiment.

Analyses. Liver and tum or tissues of 
each ra t were homogenized with ice- 
cold distilled w ater into a 20% suspen
sion. This suspension was used to deter
m ine the concentrations of total protein, 
ribonucleic acid (RNA) and deoxyribonu
cleic acid (DNA) as described previously
(1 3 ). Samples of serum  and tissue ho
mogenates from each anim al in  a group 
were pooled and precipitated with picric 
acid. The resulting filtrate was used for 
the determ ination of free amino acids by 
ion exchange chrom atography (1 4 ). Se
rum  from each anim al was separated into 
various component protein fractions (7 ) 
by paper electrophoresis.

Turnover rate of serum proteins. In 
another experim ent, the turnover rates of 
serum proteins were determ ined in  con
trol and W alker 256 carcinosarcoma-bear
ing rats. Throughout the experim ent all 
anim als were fed an 18% casein diet. At 
7 days after im plantation of the W alker 
tumor, a tracer dose (2.4 X 106 co u n t/ 
m in /ra t)  of biologically labeled S35 serum 
protein was injected intracardially. At 1, 
3, 5, 7 and 10 days after injection of the

radioactive serum, blood samples were col
lected via heart puncture. The serum pro
teins were separated by m eans of paper 
electrophoresis, and the radioactivity was 
m easured by a previously described tech
nique (1 5 ). The half-life, catabolic rate, 
change in  pool size and synthetic ra te of 
total serum, album in and globulin protein 
fractions were calculated by the m ethod of 
Jeff ay and Winzler (16).

Standard errors were determ ined for all 
values. If the probability value was less 
than 0.01, the difference between the 
m eans was considered significant.

RESULTS

As illustrated in  table 1, the rapid 
growth of the W alker tum or could be cor
related with a significant decrease in the 
weight of the carcass (body weight m inus 
the weight of the tum or) and in  serum 
album in concentration, and also, with an 
increase in  liver weight of the tum or-bear
ing host. Although the recorded change in 
carcass weight was for a 15-day period 
after im plantation of the tumor, previous 
experim ents (1 )  have indicated that the 
host loses the most weight during the ter
m inal phase of rapid growth of the tumor. 
W hen tumor-bearing rats that were fed a 
protein-free diet for 3 days prior to killing, 
were compared with the tumor-bearing 
anim als fed a casein diet throughout the 
experim ental period, the carcass weight, 
liver size and concentration of serum albu
m in were markedly decreased. However, 
there was an  insignificant decrease in  tu 
mor size. Even though the liver was 
smaller in  the tumor-bearing anim als fed 
the deficient diet, it was still significantly

TABLE 1
C arcass,1 tum or, and liver w eigh ts and concentration of serum  album in of tum or-bearing  

anim als fed  a protein-free d ie t for various lengths of tim e

Treatment Change in 
carcass wt Tumor wt Liver wt Serum

albumin
g/15 days 9 9 9/100 ml

Control
18% Casein diet 62 +  5 2 — 8.96 +  0.23 3.52 +  0.14

Tumor-bearing
18% Casein diet 43 ± 3 15.1 ± 3 .8 11.78 +  0.24 2.91 +  0.17
18% C asein-f 3-day

protein-free diet 25 ± 6 1 3 ,0 + 1 .5 9.76 +  0.37 2.50 +  0.15
Protein-free diet - 7  +  2 1.5 ± 0 .4 5.36 +  0.29 1.49 +  0.08

1 Carcass weight equals body weight minus tumor weight.
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larger than  that in  non-tumor-bearing con
trol rats. If the ra ts were fed the protein- 
free diet for 2 weeks prior to im plantation 
of the tumor, the weight of the tum or was 
significantly less than  that of tum ors from 
anim als that were fed casein throughout 
the experiment. As would be expected in 
these protein-depleted anim als, the carcass 
weighed less and the size of the liver and 
the concentration of serum  album in were 
markedly reduced as compared with the 
ra ts that were fed a diet containing pro
teins (table 1).

In the liver, the RNA-to-DNA and pro- 
tein-to-DNA ratios were higher in  the tu 
mor-bearing anim als that were fed casein 
(solid bars, fig. 1) than  in  the non-tumor- 
bearing controls (open bars, fig. 1). W hen 
anim als with established tum ors were fed 
a protein-free diet for 3 days, the RNA-to-

Fig. 1 RNA-to-DNA and protein-to-DNA ratios 
of liver and tumor from  non-tumor-bearing con
trols (open b ars), tumor-bearing rats fed  18% 
casein (solid  b ars), tumor-bearing rats fed  a 
protein-free diet (P F D ) for 3 days prior to au
topsy (stippled bar) and tumor-bearing rats that 
were pre-fed a protein-free diet (bars w ith slant
ing lin es ) . The vertical lin e  in  the center of 
each bar represents the standard error of the 
m ean of 10 anim als.

DNA and protein-to-DNA ratios (stippled 
bars, fig. 1) of the liver were significantly 
reduced below the levels noted in  the tu 
mor-bearing rats th a t were fed a diet con
taining casein, but were still above the 
values for non-tumor-bearing animals. 
Livers of the rats that were pre-fed the pro
tein-free diet (bars with slanted lines, fig.
1) had a concentration of cellular RNA 
and protein which was below tha t observed 
in  the liver of non-tumor-bearing anim als 
fed a diet containing casein. The concen
trations of cellular RNA and protein were 
closely correlated with liver size.

In  the tum ors of anim als fed either ca
sein or a protein-free diet for 3 days prior 
to being killed, the concentrations of RNA 
and protein were similar. However, when 
the ra ts were fed a protein-free diet 
throughout the entire experim ental period, 
they developed tum ors which, when com
pared with those from anim als that were 
fed a diet containing protein, had a sig
nificantly decreased concentration of cellu
lar RNA and protein (fig. 1). As in  liver, 
the concentration of cellular RNA and pro
tein could be correlated with the m ass of 
tum or tissue.

In the tumor-bearing anim als, the levels 
of essential and non-essential free amino 
acids of the liver and serum  were higher 
than  those observed for the non-tumorous 
controls (fig. 2 ). W hen ra ts were fed a 
protein-free diet, the levels of free amino 
acids of serum  and liver decreased below 
those observed for the anim als fed a diet 
that contained protein. The cellular con
centrations of free am ino acids in  W alker 
tum ors were unaffected by feeding a pro
tein-free diet for 3 days prior to autopsy 
but were reduced in  the tum ors that de- 
developed in  rats tha t were severely de
pleted in  body protein (bars with slanted 
lines, fig. 2 ). In addition, the liver had a 
concentration of free amino acids per 
m illigram  of DNA which was about 
10 times greater than  th a t observed in  
a W alker tumor.

In  ra ts im planted with the W alker 256 
carcinosarcom a, the half-life of the total 
serum, album in and globulin protein frac
tions was significantly decreased as com
pared w ith the non-tumorous controls 
(table 2 ). In the tumor-bearing anim als, 
this decrease in  the half-life of the serum
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TABLE 2
H alf-life, catabolic rate, change in  pool size  and syn th e tic  rate of serum  prote in  fraction  from  control

and tum or-bearing rats

Serum
protein
fraction

Treatment
group

Half-life
(tl/2)

Catabolic 
rate (a)

Change in 
pool size (i>)

Synthetic 
rate (a  +  h)

Total control
tumor-bearing

days
3 .0 ± 0 .2  1 
1 .5 ± 0 .1

g/day
0.129 ± 0 .0 2 5  
0 .2 1 6 ± 0 .0 4 1

g/day
+  0.0090 ± 0 .0 0 2 5  
-0 .0 0 8 4  ± 0 .0 0 0 7

g/day
0.138 ±  0.010  
0.208 ± 0 .0 2 5

Albumin control
tumor-bearing

3.4 ± 0 .3  
2.0 ± 0 .2

0.057 ± 0 .0 0 3  
0.073 ± 0 .0 0 8

+  0.0045 ± 0 .0 0 0 4  
-0 .0 2 1 5  ± 0 .0 0 2 1

0.062 ± 0 .0 0 3  
0.051 ± 0 .0 0 4

Globulin control
tumor-bearing

2.4 ± 0 .1  
1.1 ±  0.3

0.081 ± 0 .0 0 8  
0 .1 6 2 ±  0.020

+  0.0045 ± 0 .0 0 0 6  
+  0.0033 ± 0 .0 0 0 7

0 .0 8 6 ± 0 .0 0 7  
0.165 ± 0 .0 1 2

i SE of the mean of 10 animals.

18% [8% PFD PFD 
CON. TuîvtOR-BEAR

18% 18% PFD PFD 
CASCAS Tel 29d CON. TUMOR-BtAR

Fig. 2 The essential and non-essential free 
am ino acids o f serum, liver and tumor from  
non-tumor-bearing controls (open b ars), tumor
bearing rats fed  18% of casein  (so lid  bars), tu
mor-bearing rats fed  a protein-free diet (PFD ) 
for 3 days prior to autopsy (stippled bars) and 
tumor-bearing rats pre-fed a protein-free diet 
(bars w ith slanting lin es) . The values are ex
pressed in  m icrom oles o f free am ino acids per 
m illigram  of tissue DNA or per m illiliter of 
serum.

protein fractions was correlated with a sig
nificant increase in  the rate at which these 
proteins were catabolized. In  growing non- 
tumorous rats, there was a net increase in 
the size of the body pool (gram s of pro

tein per anim al) of serum album in and 
globulin proteins. As the W alker tum or 
developed, the am ount of circulating se
rum  album in decreased significantly and 
the serum globulin fractions increased. In 
the calculations, the catabolic rate (a )  
plus the change in  the size of the protein 
pool ( b ) was equal to the rate of protein 
synthesis ( a +  b ). Tumor-bearing ra ts as 
compared with the controls showed sig
nificant increase in the synthesis of the 
globulin fraction and a slight decrease in 
the rate of anabolism of the serum albu
m in (table 2 ). Thus, in  the tumor-bearing 
animals, the data could be interpreted to 
m ean that the decrease in  serum album in 
concentration was the result of an  in 
creased catabolism and a decreased anab
olism of this protein fraction.

DISCUSSION

To better elucidate the significance of 
these experiments, a hypothetical model 
for protein metabolism in the tumor-bear
ing anim al is proposed (fig. 3 ). Since 
amino acids are the building blocks from  
which proteins are synthesized, the free 
amino acid pool of the body should play 
a significant role in  a scheme of protein 
metabolism. This free amino acid pool can 
be m aintained by dietary protein and by 
the protein reserves of the body. In the 
non-tumor-bearing anim als, the free amino 
acids can be utilized for the synthesis of 2 
classes of body proteins: 1) the so-called 
“essential proteins” or those proteins which 
are essential for the m aintenance of the 
organism  and are not reduced during con
ditions of protein deprivation, and 2 ) the 
so-called “protein reserves” or those pro
teins which have various functions in  the
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Fig. 3 A hypothetical schem e of protein m e
tabolism  in  tumor-bearing anim als.

body but can be reversibly depleted during 
conditions of nutritional stress.

In  a growing anim al th a t is receiving 
adequate dietary protein and calories, the 
anabolic activity of the body proteins (both 
essential and reserve proteins) exceeds the 
catabolic activity, which will result in  a 
net gain in  body nitrogen. W hen a rapidly 
growing tum or is placed in  these animals, 
there is a m arked flow of amino acids 
toward the tum or (4, 17). Since tumors 
of this type are considered as nitrogen 
traps (4, 17, 18), then the rapid growth of 
this tissue could result in  a reduction in  the 
free am ino acid pool of the body. However, 
in  the tum or-bearing anim als tha t were 
fed adequate dietary protein, there was, 
as noted previously (1 9 -2 2 ), a m arked 
increase in  the free amino acid content of 
serum and liver. Associated with this in 
crease in  the free amino acid pool was a 
decrease in  the weight of the carcass and 
in  the concentration of serum album in and 
an increase in  weight, RNA and pro
tein content of the liver. W hen anim als 
possessed a rapidly growing tum or, sev
eral other investigators noted a sim ilar in 
crease in  the weight (3, 23, 2 4 ), RNA (10, 
19, 25 -2 7 ) and protein (3 , 23, 24, 28) 
content of the liver. W hen rats were in 
jected with adrenal corticoids, there was 
a decrease in  the body weight and protein 
content of the muscle and an increase in  
liver size, protein and free amino acid con
centrations of the cell in  the liver (29,

30). In  the tumor-bearing anim als, these 
results can  be correlated with a hyper
function of the adrenals (3 1 ) and with an 
increase in  the corticoid level in  the serum  
and adrenals (3 2 ). Thus, in  the hypo
thetical scheme outlined in  figure 3, this 
stress response to growth of the tum or 
would result in  an increased breakdown of 
the protein reserves (m ostly muscle and 
sk in )4 and a flow of amino acids toward 
viscera and tumor. Under these conditions 
the dietary proteins would m ain tain  and 
even increase the size of the body pool of 
free amino acids, so that the tum or could 
continue to grow and structural proteins 
continue to be synthesized at a rapid rate.

The biological half-life of serum  al
bum in and globulins was evaluated in  both 
tum orous and control rats. As reported 
previously (3 3 ), in  the tum or-bearing ani
m als the catabolism of serum  album in and 
globulin proteins increased. There was a 
concom itant increase in  the protein bio
synthetic rate and in  the size of the body 
pool of serum  globulins, but the synthesis 
and the pool size of serum  album in de
creased. Thus, this experim ent dem on
strated how the so-called “protein re 
serves,” as exemplified by serum albumin, 
can m aintain  and increase the free amino 
acid pool of the tumor-bearing animal. 
The serum  globulins, with their increased 
turnover rate and concentration, were ex
amples of the so-called “essential proteins.”

As reported previously (10, 11), a slight 
reduction in  the size of the host’s free 
am ino acid pool caused a decrease in  the 
concentration of cellular RNA and protein 
of the liver but had no effect upon these 
param eters in  tum or tissue. In the present 
study a similar response was noted in  the 
tum ors of ra ts fed a protein-free diet for 
3 days prior to being killed. These term i
nally protein-depleted ra ts still had  greater 
liver and serum  free amino acid pools than 
non-tum or controls.

W hen the protein reserves of the rats 
were reduced prior to im plantation of the 
tumor, the continued feeding of a protein 
free diet resulted in  a m arked decrease ir 
the size of the free amino acid pool of the

4 U n p u b lis h e d  d a ta ,  J. B. A llison  a n d  R. W . W an n e  
m a c h e r ,  J r .,  1964.
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host. Under these conditions, the tum or 
had a decreased cellular concentration of 
free amino acids, RNA and protein. These 
changes in  the composition of the tumor 
could be correlated with its slower ra te of 
growth. Thus, although the tum or was 
less susceptible to m inor changes in  the 
size of the host’s free amino acid pool 
(which m ay be related to the tum or’s lower 
cellular free amino acid level as compared 
with the liver), it could be affected by a 
m arked reduction in  protein reserves and 
dietary protein. These data emphasize the 
positive correlation between the concen
tration of cellular free amino acids, RNA 
and protein and the growth rate of the 
W alker 256 carcinosarcoma.

LITERATURE CITED
1. Allison, J. B. 1956 Supplem entation w ith  

m ethionine. In Some Aspects of Am ino Acid 
Supplem entation, ed., W. H. Cole. Rutgers 
University Press, N ew  Brunswick, N ew  
Jersey, p. 69.

2. A llison, J. B., R. W. W annem acher, Jr., R. 
H ilf and C. A. Ketzel 1956 The effect of 
m ethionine supplem entation upon the tu
mor-host relationship in  the rat. J. Nutri
tion, 59: 27.

3. Babson, A. L. 1954 Some host-tumor rela
tionships w ith respect to nitrogen. Cancer 
Res., 14: 89.

4. Mider, G. B. 1951 Some aspects of nitrogen  
and energy m etabolism  in  cancerous sub
jects: a review. Cancer Res., 11: 821.

5. Mider, G. B., H. Tesluck and J. J. Morton 
1948 Effects of W alker carcinom a 256 on 
the food intake, body w eight and nitrogen  
m etabolism  of growing rats. Acta Union In- 
ternat. Contre Cancer, 6: 409.

6. A llison, J. B., R. W. W annem acher, Jr. and 
W. L. Banks, Jr. 1963 Influence of dietary 
protein on protein biosynthesis in  various 
tissues. Federation Proc., 22: 1126.

7. A llison, J. B., R. W. W annem acher, Jr., L. P. 
Parmer and R. Gomez 1961 Nitrogen in 
take and ribonuclease activity in  norm al and 
tumor-bearing rats. J. Nutrition, 74: 176.

8. Green, J. W., Jr., E. P. Bendett and E. M. 
Humphreys 1950 The effect of protein- 
depletion on the host response to trans
plantable rat tumor, Walker 256. Cancer 
Res., 10: 764.

9. LePage, G. A., V. R. Potter, H. Busch, C. 
Heideberger and R. B. Hurlbert 1952 
Growth of carcinom a im plants in  fed  and 
fasted rats. Cancer Res., 12: 153.

10. Clark, C. M., and G. A. J. Goodlad 1960 
The influence of diet on the action of the 
W alker 256 carcinom a on liver protein and 
nucleic acid. Brit. J. Cancer, 14: 327.

11. Munro, H. N„ and C. M. Clark 1959 The 
influence of dietary proteins on the m etabo
lism  of ribonucleic acid in  the rat hepatom a. 
Brit. J. Cancer, 13: 324.

12. Banks, W. L., Jr., J. B. Allison and R. W. 
W annem acher, Jr. 1964 Supplem entation of 
w heat gluten protein. J. Nutrition, 82: 61.

13. W annem acher, R. W ., Jr., W. L. Banks, Jr. 
and W. H. W unner 1965 The use of a 
single tissue extract to determ ine cellular 
protein and nucleic acid concentration and 
rate of am ino acid incorporation. Analyt. 
Biochem . (In  press.)

14. Spackm an, D. H., W. H. Stein and S. Moore 
1960 The disulfied bonds of ribonuclease. 
J. Biol. Chem., 235: 648.

15. W annem acher, R. W., Jr., T. J. Russell and 
J. B. A llison 1963 Serum and liver pro
tein m etabolism  in  protein-depleted dogs. 
J. Nutrition, 80: 315.

16. Jeffay, H., and R. J. W inzler 1958 The 
m etabolism  of serum proteins. 1. The turn
over rates of rat serum protein. J. Biol. 
Chem., 231: 101.

17. W isem an, G., and F. N . G hadically 1958 
Biochem ical concept o f tumor growth, in 
filtration and cachexia. Brit. Med. J., 2; 18.

18. Greenless, J., and G. A. Le Page 1955 Pro
tein turnover in  a study of host relationships. 
Cancer Res., 15: 256.

19. Cerecedo, L. R., D. V. N. Reddy, M. E. Lom
bardo, P. T. McCarthy and J. J. Travers 
1952 Chem ical changes in  tumor-bearing 
m ice. Proc. Soc. Exp. Biol. Med., 80: 723.

20. El M ehairy, M. M. 1950 Blood am ino n i
trogen in  tumor-bearing m ice. Brit. J. Can
cer, 4: 95.

21. Levy, H. M., G. M ontanez, E. A. Murrhy and 
M. S. D unn 1953 Effect of etheonine on 
tumor growth and liver am ino acids in  rats. 
Cancer Res., 13: 507.

22. W u, C., and J. M. Bauer 1960 A study of 
free am ino acids and of glutam ine synthesis 
in  tumor-bearing rats. Cancer Res., 20: 848.

23. Sherman, C. D., Jr., J. J. Morton and G. B. 
Mider 1950 Potential sources of tumor n i
trogen. Cancer Res., 10: 374.

24. Stewart, A. G., and R. W. Begg 1953 Sys
tem ic effects of tumor in  force-fed rats. 
Cancer Res., 13: 560.

25. Cerecedo, L. R., D. V. N. Reddy, A. Pircio, 
M. E. Lombardo and J. J. Travers 1951 
N ucleic acid changes in  tumor-bearing m ice. 
Proc. Soc. Exp. Biol. Med., 78: 683.

26. H ilf, R., V. W. Cowett, M. L. Johnson and 
A. Borman 1962 The effect o f sarcoma 
180 and other stressing agents upon adrenal 
nucleic acids. Cancer Res., 22: 449.

27. Lombardo, M. E., J. J. Travers and L. R. 
Cerecedo 1952 Effect o f tumors on nucleic  
acids and their purine constituents in  the 
m ouse. J. Biol. Chem., 195: 43.

28. Yeakel, E. H., and G. L. Tabias 1951 
Liver nitrogen in  tumor-bearing rats. Can
cer Res., 11: 830.

29. Goodlad, G. A. J., and H. N. Munro 1959 
Diet and the action of cortisone on protein  
m etabolism . Biochem . J., 73: 343.



P R O T E IN  R E SER V ES AND T U M O R  G RO W TH 399

30. Yatvin, M. B., and R. W. W annem acher 
1965 The effect of hypothyroidism  and ad
renal corticoids upon protein m etabolism  of 
liver and m uscle tissue. Endocrinology, in  
press.

31. Begg, R. W. 1958 Tumor host relation
ship. Advan. Cancer Res., 5: 1.

32. H ilf, R. F. F. Burnett and A. Borman 1960 
The effect of sarcoma 180 and other stres
sing agents upon adrenal and plasm a corti
costerone in  m ice. Cancer Res., 20: 1389.

33. Hardac, J. 1958 M etabolism  of serum al
bum in in  tumor-bearing rats. Brit. J. Can
cer, 12: 290.



Relationship between Cholesterol and Vitamin A 
Metabolism in Rats Fed at Different Levels 
of Vitamin A * 1 2

SHIRLEY V. BRING, CECELIA A. RICARD 2 a n d  MARY V. ZAEHRINGER
H ome Econom ics R esearch, College of A griculture, U n iversity  of Idaho, 
M oscow, Idaho

ABSTRACT  The relationship between cholesterol and vitam in A m etabolism  was 
studied in  3 replications using a total of 225 w eanling m ale rats. Following vitam in A 
depletion, each anim al was assigned at random  to an experim ental group, receiving  
one treatm ent from  each of the follow ing 3 variables: 0.0 or 0.5% cholesterol m ixed  
in  the basal purified diet; 10, 150 or 1000 IU vitam in A acetate daily adm inistered  
orally; and fed 7, 18 or 28 days. Feed w as available approxim ately 18 hours daily. 
Serums were assayed for carotene, vitam in A and free and total cholesterol, and livers, 
for vitam in A, free and total cholesterol, total fat and moisture. Increasing the dietary 
vitam in A decreased the serum and liver total cholesterol concentrations w hen  choles
terol was fed. The rats given 10 IU vitam in A daily had significantly higher (P  <  
0 .01) liver total cholesterol values than those given either 150 or 1000 IU. Cholesterol- 
fed rats given 10 IU also had significantly higher (P  <  0 .01) m ean serum cholesterol 
values than those given 1000 IU. Dietary cholesterol significantly lowered (P  <  0.05) 
m ean liver vitam in A concentrations on a dry w eight basis. Liver vitam in A and free 
cholesterol were found to be positively correlated (P  <  0 .01) on either a percentage or 
per liver basis.

Positive correlations (P <  0.01) between 
serum vitam in A and serum free and total 
cholesterol as well as serum  carotene and 
serum free and total cholesterol were 
found in  15- and 16-year-old boys and 
girls studied in  3 selected communities of 
Idaho (1). Similar observations were made 
in the same age group by U tah workers 3 
and for the correlations between serum 
carotene and free and total cholesterol by 
W ashington workers (2 ) . However, the 
form er group (3 )  reported a significant 
negative correlation between vitam in A in 
take and serum cholesterol (P  <  0.05).

Reports in  the literature concerning the 
relationship between cholesterol and vita
m in A metabolism are lim ited and con
flicting. Some of the conflicting evidence 
is probably caused by species differences. 
Schoenheimer and Breusch (4 )  observed 
that large am ounts of dietary carotene had 
no effect on cholesterol synthesis in  mice. 
Other workers (5, 6) also reported simi
larly that the blood cholesterol level of 
rabbits was not affected or only slightly 
increased by dietary vitam in A. In con
trast, Wood (7 )  reported that in  chicks 
vitam in A prevented hypercholesterolemia 
induced by dietary cholesterol. Kantiengar

and Morton (8 )  and Green et al. (9 )  re
ported that dietary cholesterol significantly 
lowered vitam in A storage in  livers of m ale 
ra ts (8, 9 ), whereas the opposite effect 
was noted by earlier workers (1 0 ).

The purpose of the present study was to 
investigate the effect of different levels of 
dietary vitam in A for various time periods 
upon the interrelationship between the 
vitam in A and cholesterol metabolism of 
white m ale rats.

EXPERIMENTAL

W eanling m ale rats totaling 225 of the 
Sprague-Dawley strain  and 102 of the 
Holtzman strain were caged individually 
and fed a purified diet complete in  all 
nutrients but vitam in A. The Holtzman 
ra ts are descended from the Sprague-Daw
ley strain. The Sprague-Dawley strain  was 
used in  2 replications and the Holtzman 
strain  in  the third replication. Thus the 
2 strains of anim als were distributed pro-

R ece ived  fo r  p u b lic a tio n  A u g u s t 10, 1964.
1 P u b lish e d  w ith  th e  a p p ro v a l o f  th e  D ire c to r  o f th e  

Id a h o  A g ric u ltu ra l  E x p e r im e n t S ta tio n  a s  R e s e a rc h  
P a p e r  no . 628. T h is  s tu d y  w as  su p p o rte d  in  p a r t  by 
fu n d s  f ro m  R eg io n a l P ro jec ts  W -4 a n d  W -44 o f th e  
W es te rn  A g ric u ltu ra l  E x p e r im e n t S ta tio n s .

2 P re s e n t a d d re ss : Box 79, U n io n to w n , W a s h in g to n .
3 E. B. W ilcox , p e rs o n a l c o m m u n ic a tio n .

4 0 0 J .  N u t r it io n , 8 5 : ’6 5
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portionately, approximately 2 Sprague- 
Dawley ra ts to 1 Holtzm an ra t, in  all treat
ments. The percentage composition of the 
basal diet was sim ilar to the Ai diet de
scribed by Mayer and Krehl (1 1 ) : pow
dered sucrose, 65.7; vitamin-free casein,4 
25.0; cottonseed oil,5 5.0; salt m ixture,6 
4.0; cystine,7 0.2; and choline chloride,8 
0.1. The following vitam ins were added to 
each kilogram of diet: (in  m ilhgram s) 
a-tocopherol, 100; m enadione, 5; viosterol, 
0.1; thiam ine-HCl, 5; pyridoxine-HCl, 5; 
riboflavin, 5; niacin, 50; Ca-pantothenate, 
50; biotin, 0.5; folic acid, 0.5; inositol, 
100; p-aminobenzoic acid, 100; and vita
m in B12, 0.03.9 This vitam in A-deficient 
diet was given ad libitum  from approxi
m ately 3 :00  p m  to 9 :00  a m  daily until 
growth ceased or decreased for 3 consecu
tive days and vitam in A deficiency symp
toms appeared (1 2 ). These criteria were 
met in  approximately 3 to 5 weeks, after 
which each anim al was assigned at ra n 
dom to an  experim ental group in  a 2 X 3 
X 3 factorial design. The pattern  of feed
ing rem ained the same. One-half of the 
anim als received 0.5% cholesterol mixed 
in their diet, while the other half received 
none. One-third of each of these groups 
received 10, 150 or 1000 IU of vitam in A 
acetate daily, adm inistered orally by m edi
cine dropper in  0.1 ml of cottonseed o i l10 
at approxim ately the same time each after
noon. The basal diet was the same as fed 
during the depletion period except that 
a-tocopherol was elim inated and given 
with the vitam in A supplem ent at the level 
of 1.5 m g/daily  dosage. In 2 replications 
food cups were removed from the anim als 
about 24 hours before killing and in  the 
third replication, about 12 hours before 
killing. Vitamin A supplements were w ith
held about 42 hours from all anim als be
fore killing. At the end of 7, 18 or 28 days, 
anim als from each subgroup were anesthe
tized with nitrous oxide, using a technique 
described previously.11 M aximal blood was 
removed from the posterior vena cava for 
serum preparation. Livers were removed, 
blotted, weighed and packaged before 
freezing. All serum and livers were quick- 
frozen and held at —17° until analysis was 
performed. Ten or more anim als were 
also killed at the end of the depletion

period for each replication, to serve as 
negative controls.

Serum and liver samples were assayed 
for free and total cholesterol by the method 
of Galloway et al. (1 3 ). The modifications 
of this method for liver analyses are de- 
cribed by Wilcox and Galloway (1 4 ). 
Serum carotene and vitam in A were as
sayed by the method of Bessey et al. (15 ) 
and liver vitam in A by the Carr-Price re
action as modified by Vavich and Kem- 
m erer (1 6 ). Moisture content of livers 
was determined by drying at 100—105°. 
Total fa t is reported as the loss in  weight 
after extracting the dried ground liver 24 
hours with Skelly-Solve B. The liver vita
m in A, m oisture and total fa t assays were 
determ ined at the University of Arizona.

RESULTS

Growth and food consum ption were 
sim ilar for all groups of anim als except for 
being somewhat lower for all anim als in 
the 7-day group and significantly lower 
(P  <  0.01) for those fed 10 IU of vitam in 
A daily for 7 days. Cholesterol feeding did 
not appear to affect growth or food intake.

Mean liver and serum values are sum 
m arized in  table 1 by group. The data of 
the 3 replications were combined because 
an analysis of variance revealed no clear- 
cut trend in  differences among replica
tions. The effects of dietary cholesterol 
level, dietary vitam in A level and period 
were determ ined by an analysis of vari
ance for unequal subclass num bers. Logs 
of the liver vitam in A and total cholesterol 
values were used in  this analysis. The 
least square analysis was adjusted for dif
ferences in num bers per treatm ent. W hen

4 “ V itam in -F ree”  C ase in , G e n e ra l B io ch em ica ls , In c ., 
C h a g r in  F a lls , Ohio.

5 W esso n  O il, p u rc h a s e d  in  one  lo t;  W esso n  O il Sales 
C o m p an y , F u lle r to n , C a lifo rn ia .

6 As re q u ire d  in  b io lo g ica l te s t  d ie ts  lis te d  in  U . S.
P h a rm a c o p o e ia  XIV, 1950; th e  s a l t  m ix  c o n ta in e d  
p e r  k g  o f d ie t: ( i n  g ra m s )  A1N H 4 (S 0 4 ) 2 ' 1 2 H 20 , 0.09; 
C aH 4( P 0 4V H 20 ,  112.80; C aC 0 3, 68 .60 ; C a 3 (C fiH 5 0 7 ) 2 - 
4 H 20 ,  308.30; C u S 0 4-5H 20 ,  0 .08; FeC 6H 50 r 3 H 2 0 ,
15.26; M gCOs, 35.20; M g S 0 4, 38.30; M n S 0 4 H 20 ,  0.20; 
KC1, 124.70; K I, 0 .04; K2H P 0 4, 218 .80 ; N aC l, 77.10; 
a n d  N a F , 0 .50 (o b ta in e d  fro m  G e n e ra l B io ch em ica ls , 
In c ., C h a g r in  F a lls , O h io ).

7 T h e  a u th o rs  g ra te fu lly  ack n o w led g e  g ifts  o f v i ta 
m in s  a n d  o th e r  n u tr i e n ts  f ro m  M erck  S h a rp  a n d  
D ohm e, R ah w a y , N ew  Jersey .

8 See fo o tn o te  7.
9 See fo o tn o te  7.
10 See fo o tn o te  5.
11 B rin g , S. V., a n d  T. B. K e ith  1958 B lood  s am 

p lin g  te c h n iq u e  fo r  w h ite  ra ts .  F e d e ra tio n  P roc., 
17: 472 ( a b s t r a c t ) .
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a significant difference was found where 3 
treatm ents were involved, the significance 
of m ean comparisons was examined by 
Duncan’s multiple range test (17) as modi
fied by Kramer (18).

Mean liver weights. The livers of the 
Holtzman anim als weighed significantly 
less than  those of the Sprague-Dawley rats 
(P C 0 .0 1 ) .  This same difference was 
reflected in  the anim al weights at the time

TABLE 1
M ean liver and serum  values

Daily vitamin A intake, IU 10 10 10 150 150 150 1000 1000 1000

Experimental period, days 7 18 28 7 18 28 7 18 28

Minimum no. of observations 16 15 14 15 15 14 16 14 15

M ean weekly wt gains, g
W ithout cholesterol 1 10.0 29.5 31.7 28.6 34.0 33.0 29.1 36.7 36.4
W ith cholesterol2 15.8 32.6 29.4 30.2 35.4 35.0 30.7 38.4 35.3

Liver
W eight, g

W ithout cholesterol 6.0 8.2 9.2 7.8 8.4 9.6 7.3 8.8 10.4
W ith cholesterol 6.9 9.8 10.8 8.2 9.8 11.4 8.4 10.5 11.5

Moisture, %
W ithout cholesterol 68.8 72.5 72.2 71.9 72.8 70.5 70.1 66.4 69.9
W ith cholesterol 69.5 64.2 63.8 69.8 66.8 66.8 67.6 68.1 65.7

Total fat, % dry wt
W ithout cholesterol 17.4 14.1 13.5 20.5 11.5 13.8 20.3 22.0 16.5
W ith cholesterol 24.4 37.7 35.9 22.3 27.4 25.3 28.8 28.0 28.3

Total cholesterol, % m oist wt 
W ithout cholesterol 0.37 0.31 0.30 0.34 0.29 0.29 0.35 0.29 0.29
W ith cholesterol 1.98 3.07 3.80 1.68 2.33 2.55 1.77 2.15 2.26

Total cholesterol, % dry wt
W ithout cholesterol 1.25 1.22 1.11 1.28 1.07 1.00 1.22 0.91 1.02
W ith cholesterol 6.67 8.67 10.62 5.61 7.08 7.74 5.52 6.67 6.77

Total cholesterol, m g/liver
W ithout cholesterol 22 26 28 26 24 28 26 26 29
W ith cholesterol 137 300 412 136 226 293 148 226 264

Free cholesterol, % m oist wt
W ithout cholesterol 0.21 0.20 0.21 0.21 0.22 0.21 0.19 0.20 0.19
W ith cholesterol 0.24 0.24 0.25 0.22 0.22 0.22 0.24 0.23 0.23

Free cholesterol, m g/liver
W ithout cholesterol 12 16 19 16 18 20 14 17 20
W ith cholesterol 17 24 27 18 22 25 20 24 26

Vitam in A, /J-g/g m oist wt
W ithout cholesterol 3.3 3.1 3.0 11.4 23.6 22.2 67.7 183.6 219.9
W ith cholesterol 3.1 3.1 2.3 11.7 20.7 29.7 91.9 138.3 196.6

Vitam in A, ¡ig /g  dry wt
W ithout cholesterol 11 14 12 47 88 75 239 600 848
W ith cholesterol 11 9 5 39 65 90 288 454 586

Vitam in A, /xg/liver
W ithout cholesterol 20 27 29 85 196 211 502 1547 2281
W ith cholesterol 22 32 25 93 200 333 762 1402 2186

Serum
Total cholesterol, m g /1 0 0  m l

W ithout cholesterol 97 84 83 112 89 88 106 84 81
W ith cholesterol 154 154 129 129 113 110 120 98 91

Free cholesterol, m g /1 0 0  m l
W ithout cholesterol 17 14 14 23 16 15 19 14 12
W ith cholesterol 26 23 18 19 15 15 20 14 15

Vitam in A, p.g/100  m l
W ithout cholesterol 50 38 27 84 66 64 82 78 69
W ith cholesterol 34 30 34 85 57 63 81 67 62

1 No dietary cholesterol.
2 0.5% dietary cholesterol.
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of killing. A fast of approximately 24 
hours compared with 12 hours apparently 
did not have the depressing effect on liver 
weights that a fast compared with no fast 
evidenced in  other laboratories (19, 20). 
Feeding cholesterol significantly increased 
(P  <  0.01) the m ean liver weights, which 
agrees with the observations of Green et al.
(9 ) . In general, the liver weights in 
creased slightly as the vitam in A adm in
istered increased. The exceptions to this 
general trend were: 1) the slightly de
creased m ean liver weight of rats fed 1000 
IU of vitam in A daily compared with 150 
IU for only 7 days without cholesterol; and
2) the absence of change between rats fed 
10 or 150 IU of vitam in A daily for 18 
days with cholesterol. The rats fed 10 IU 
vitam in A daily had significantly lower 
(P  <  0.01) m ean liver weights than  those 
fed either other level with the aforem en
tioned exception.

L iv e r  m o is tu r e . The feeding of choles
terol decreased the m oisture concentration 
(P  <  0.01) with the exception of a slight 
increase effected by dietary cholesterol on 
the ra ts supplem ented daily with 10 IU 
of vitam in A for 7 days or 1000 IU for 18 
days. The greatest depressive effect (12% ) 
occurred in  those rats receiving 10 IU of 
vitam in A daily for 18 or 28 days.

T o ta l l iv e r  fa t. Feeding cholesterol sig
nificantly increased the liver fa t deposition 
on both a moist and dry weight basis 
(P  <  0.01) at all periods and levels of die
tary vitam in A. There appeared to be no 
consistent interrelationship between cho
lesterol and vitam in A levels and period in  
their effect on liver fa t concentration.

L iv e r  to ta l  ch o le s te ro l. The analysis of 
variance revealed an inverse relationship 
between dietary vitam in A level and liver 
total cholesterol when expressed on either 
a concentration or content basis. The 10 
IU level of dietary vitam in A produced 
both a significantly higher concentration 
and content of total cholesterol compared 
with the 150 or 1000 IU levels when cho
lesterol was fed. These comparisons were 
highly significant (P  <  0.01) except on a 
content per liver basis between 10 and 150 
IU (P  <  0.05). On a dry weight basis, the 
liver total cholesterol concentration was 
significantly higher (P  <  0.05) in those 
ra ts fed 150 IU of vitam in A daily than  in

those fed 1000 IU. The liver total choles
terol increased significantly (P  <  0.01) as 
the experim ental period lengthened when 
cholesterol was fed. The rate at which 
feeding cholesterol increased the liver total 
cholesterol on both a percentage and per 
liver basis decreased as the dietary vitam in 
A level increased. However, cholesterol 
feeding increased both the concentration 
and content at every level of dietary vita
min A. This partially explained the sig
nificant interaction ( P < 0 .0 1 )  between 
cholesterol and vitam in A levels. It was 
also caused by the different dietary vitam in 
A levels effecting little change in  the liver 
total cholesterol concentration and content 
when no cholesterol was fed.

L iv e r  free  ch o le s te ro l. Those rats given 
10 IU of vitamin A daily had significantly 
higher concentrations of free cholesterol 
than  those given 1000 IU (P  <  0.01) with 
the exception of anim als in the 7-day 
group that were fed cholesterol. The dif
ferences between actual values was very 
small, however. The liver content of free 
cholesterol per liver significantly increased 
with the experim ental period (P  <  0.01). 
This probably at least partially reflected the 
direct relationship between liver weights 
and length of experim ental period.

L iv e r  v i ta m in  A . In  general, choles
terol feeding decreased the concentration 
but increased the content of liver vitam in 
A. However, the only statistically signifi
cant effect of dietary cholesterol was its 
depressing effect on the concentration of 
vitam in A on a dry liver weight basis (P  <  
0.05). As the level of dietary vitam in A 
was increased, the liver content and con
centration of vitam in A also significantly 
increased (P <  0.01) as would be expected. 
This relationship was almost linear. As 
the length of experim ental period in 
creased, the liver vitam in A content in 
creased significantly ( P < 0 .0 1 )  for all 
anim als given the 2 higher levels of vita
m in A supplement. A sim ilar significant 
increase ( P < 0 .0 1 )  in  concentration of 
liver vitam in A with each increase of 
period occurred in  all anim als given the 
supplem ent of 1000 IU of vitam in A and 
in  those given the supplem ent of 150 IU 
of vitam in A plus cholesterol. A few of 
the livers of the anim als receiving 1000 IU 
of vitam in A for 18 or 28 days were higher
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in  vitam in A than  were the other livers. 
These data were included, however, as 
there was no obvious explanation for elimi
nating them. Microscopic exam ination of 
some of these livers indicated they were 
filled with unevenly distributed fat glob
ules. However, those livers with extreme 
vitam in A concentration fell well within 
the range of the group is cholesterol and 
fa t concentrations.

Serum total and free cholesterol. The 
concentration of serum  total cholesterol 
was inversely related to the level of die
tary vitam in A when cholesterol was fed. 
This agrees with the observations of Utah 
workers, who observed a negative correla
tion between vitam in A intake and serum 
cholesterol in  adolescent boys and girls 
eating their usual mixed diet (3 ) . The 
cholesterol-fed rats given 10 IU of vitam in 
A daily had significantly higher serum 
total and free cholesterol levels than  those 
given 1000 IU ( P < 0 .0 1 ) .  The peak in 
these serum levels for anim als given no 
dietary cholesterol occurred at the 150 IU 
level of dietary vitam in A. These serum 
levels were also inversely related to the 
length of the experim ental period. The 
anim als m aintained with the experim ental 
diet 7 days had significantly higher con
centrations of serum free and total choles
terol than  those continued for 18 or 28 
days (P  <  0.01).

Serum vitam in A. The most common 
effect of feeding cholesterol was to de
crease the serum  vitam in A level, but not 
significantly. However, the m ean serum 
vitam in A levels of those anim als fed 10 IU 
of vitam in A daily for 28 days or 150 IU 
for 7 days were increased by cholesterol 
feeding. The serum vitam in A levels of 
rats in the 7-day group were significantly 
higher than  those of ra ts in  the 18- or 
28-day groups (P  <  0.01). The one excep
tion to this significant trend was the ab
sence of change in those rats fed choles
terol and 10 IU of vitam in A daily for 28 
days compared with ra ts in  the 7-day group 
that were treated similarly.

The serum of these rats was found to 
contain no carotene, as expected. How
ever, it seemed worthwhile to check this 
possibility.

The ra ts given no vitam in A (negative 
controls) had very low m ean am ounts of

this vitam in in their livers and serum : 
15 ug/liver and 7 yg/100 ml, respectively.

Correlations. The pooled correlation co
efficients corrected for other treatm ent 
effects among all comparisons of liver and 
serum values, total food intake and total 
weight gain were computed. Correlation 
coefficients corrected for other effects were 
also determ ined separately for each choles
terol level, vitam in A level and period. 
Only those correlation coefficients that 
were highly significant (P  <  0.01) are dis
cussed.

Those anim als receiving 1000 IU of 
vitam in A daily showed a highly positive 
correlation ( r  =  0.32) between serum  vita
m in A concentration and free cholesterol 
content per liver when corrections were 
m ade for other treatm ent effects.

Although liver total cholesterol and vita
m in A were not significantly correlated, 
liver free cholesterol and vitam in A were. 
There was a highly significant positive cor
relation between liver free cholesterol and 
vitam in A on the basis of concentration 
per un it of moist tissue ( r  =  0.31) or dry 
tissue ( r  =  0.36) and on the basis of con
tent per liver ( r  =  0.32) when the data 
were combined. A highly significant cor
relation ( r  =  0.44) existed between liver 
vitam in A and free cholesterol on a dry 
weight basis among the rats fed cholesterol 
as well as among those not fed cholesterol 
( r  =  0.50). W hen correlation coefficients 
were determ ined separately for the 3 ex
perim ental periods with corrections made 
for the other treatm ent effects, liver vita
m in A and free cholesterol were again posi
tively correlated ( r  =  0.32, 0.34 and 0.40 
for 7, 18 and 28 days, respectively) on a 
dry weight basis. Those ra ts m aintained 
with their respective diets for 7 days also 
had positive correlations ( P < 0 .0 1 )  be
tween liver vitam in A and free cholesterol 
on a m oist weight basis ( r  =  0.31) and 
per liver basis ( r  =  0.36); whereas those 
fed diets for 28 days had a positive corre
lation ( r  =  0.39) between liver vitam in A 
and total cholesterol on a dry weight basis. 
W hen correlations were determ ined sepa
rately for the 3 levels of dietary vitam in A 
with corrections for other treatm ent ef
fects, it was found that all correlations be
tween liver vitam in A and free cholesterol 
were significant or nearly significant for
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anim als fed 10 IU vitam in A daily ( r  =  
0.21 to 0.47).

DISCUSSION

Cholesterol feeding significantly in 
creased the weight and fa t concentration 
of livers, as reported by Green et al. (9 ) ; 
but it also significantly decreased the 
moisture concentration. As a significant 
inverse relationship existed between the 
moisture and fa t concentration in  the liver, 
it appears likely that a variable that in 
creased the one liver component probably 
decreased the other. The increased m ean 
liver weight due to exogenous or dietary 
cholesterol was probably a reflection of the 
increased fa t concentration.

Results from this study suggest that in 
creasing am ounts of dietary vitam in A 
acetate depress the serum  and liver total 
cholesterol concentrations when choles
terol is included in  the diet. The reason for 
this effect is not clear. It m ay be caused by 
a direct or indirect influence of vitam in A 
on 1) cell permeability in  the liver or in 
testinal wall; 2) some unidentified factor 
that affects cholesterol metabolism; or 3) 
the possible accum ulation of cholesterol 
elsewhere than  the liver and serum  in 
other reactions. Although vitam in A may 
be necessary for complete synthesis of 
cholesterol, as noted by Weber et al. (2 1 ) , 
it m ay have a different regulating effect on 
formed cholesterol whether exogenous or 
endogenous. This m ight explain the fact 
that dietary cholesterol appeared to em pha
size any depressing effect that increasing 
dietary vitam in A had on free and total 
cholesterol concentrations in serum and 
liver.

Some possible causes of exogenous cho
lesterol decreasing liver vitam in A con
centrations on a dry weight basis m ight be 
either 1) an  increased requirem ent for 
vitam in A because of its more rapid m etab
olism as suggested earlier by Green and 
co-workers (9 ) ;  or 2) a competition be
tween the absorbed cholesterol and vita
m in A for storage in  the liver. However, 
the significant positive correlation found 
between liver free cholesterol and vitam in 
A concentration would tend to discredit 
this latter possibility.

No significant correlation was observed 
between serum vitam in A and serum  free

or total cholesterol when compared sepa
rately for each dietary vitam in A level, 
cholesterol level, period or combined as 
found earlier in adolescent boys and girls 
(1 ) . This m ight be explained as a species 
difference or a difference between a con
trolled laboratory and uncontrolled popu
lation type study.

The significant positive correlation be
tween liver vitam in A and free cholesterol 
on all 3 bases suggest that whatever may 
be regulating the storage of one m ay be 
regulating the other. The significant posi
tive correlation between serum  vitam in A 
level and the am ount of free cholesterol 
per liver in the anim als fed 1000 IU of 
vitam in A daily m ay indicate that at this 
high level of supplem entation there is also 
a common regulating factor or factors be
tween these 2 components.
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ABSTRACT  Sulfur-35 from injected m ethionine was measured in serum protein 
and urine of adult rabbits after dietary protein depletion and after repletion. Five 
rabbits fed a 4% casein diet for 39 days developed a hypochromic m icrocytic anem ia, 
lost w eight and were in  negative nitrogen balance; however serum protein concentra
tions and fractions and blood volum es showed no significant change. During the 
sam e period there were no significant differences in  these parameters between  
2 groups of rabbits fed either a 20% casein ration or standard chow. In the depleted 
anim als serum  protein S35 activity 8 hours after injection was higher, specific activity 
of the album in fraction increased over 18 days, the percentage o f the total activity 
persisting in  the a-globulin fraction was greater and more S35/m g  of urinary nitrogen  
was excreted although the total urinary S35 was less. W hen the depleted anim als 
were fed the 20% casein  ration for 34 days, differences in  nitrogen balance, red cell 
indexes, body w eight and the utilization of the isotope disappeared. These results 
indicate that the isotope detected alterations in serum proteins that were not apparent 
by changes in concentration or album in and globulin fractions.

Before protein deficiency results in 
functional im pairm ent and symptoms be
come clinically m anifest, adaptive m ech
anism s are utilized by the body in  an 
effort to m aintain  homeostasis (1 ) . These 
m echanism s serve to preserve the nor
malcy of traditional indicators of protein 
deficiency until severe deficiency is pres
ent. Blood volume changes m ay m ask 
alterations in  serum  protein concentra
tions, serum  fractions and red cell in 
dexes. Loss of body weight may be 
obscured by edema. Positive nitrogen 
retentions occur in the presence of 
depleted nitrogen stores (2 ) . The diffi
culty in evaluating m arginal deficiency is 
documented by the inconsistency of re
sults in  studies attem pting to evaluate 
protein nutriture. Even when the subject 
is used as his own control for observations 
on protein deficiency, changes may not be 
detected by the more commonly employed 
tools of evaluation (3 ) .

For the past 10 years radioactive tracers 
have been used for com partm ental analy
sis and for study of the rates of synthesis 
and degradation of serum proteins (4, 5). 
Garrow (6, 7) was one of the first to em 
ploy a tracer amino acid, S35-L-methionine,

for the purposes of clinical evaluation of 
protein nutriture.

Allison et al. (8 )  reported an increase 
in the specific radioactivity of serum pro
teins in  tumor-bearing and protein depleted 
dogs. Others (9 -1 1 ) have also reported 
the preferential incorporation of S35-l- 
methionine into certain tissues in  states 
of deprivation.

Alteration in the patterns of incorpora
tion of S35 from methionine by the serum 
proteins m ay be apparent before the usual 
signs of protein deficiency occur. If so, 
protein deficiency would be detectable be
fore the appearance of the more profound 
changes necessary at present to classify 
a person or anim al as protein-deficient. 
The purpose of the present study was 
to develop mild-to-moderate protein de
ficiency in rabbits and to observe the 
effects of this on the rate of uptake of
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D octo r o f P h ilo so p h y  a t W es te rn  R eserve  U n iv e rs ity .
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S35 from  m ethionine by the serum  pro
teins, the incorporation of the tagged 
amino acid into the serum  protein frac
tions, and the urinary  excretion pattern 
of the radioactive label.

METHODS

Fifteen adult male New Zealand rabbits 
6 to 8 m onths of age and weighing ap
proximately 3 kg were equally divided by 
the use of a table of random  num bers into 
3 dietary groups, A, B, and C, after a 
28-day control period during which all 
anim als were fed a standard laboratory 
chow.5 Following the control period and 
after an 8-day period for diet transition, 
a depletion period started on day 37 and 
continued through day 75; a repletion 
period extended from day 76 through day 
165. The rabbits in  group A were fed a 
depletion diet during the depletion period, 
while the anim als in  groups B and C were 
fed adequate diets and served as controls. 
The rabbits in  groups A and B were 
changed from the standard  chow to a 
purified ration during the diet transition 
period by gradually increasing the pro
portion of a 20% casein diet (table 1) 
mixed with the standard chow. On day 
37, rabbits in  group A were fed a 4% 
casein diet (table 1) exclusively and the 
rabbits in  group B were fed the 20% ca
sein diet. The diet for group A was con
tinued through day 75 (depletion period),

TABLE 1
C om position of the adequate prote in  and low  

protein  purified rabb it diets 1

T y p e  o f  d ie t 

A d eq u a te  D ep le tio n

% %
Vitam in-free test casein 20 4
Non-nutritive fiber 12 12
Hydrogenated vegetable o i l 2 8 8
Salt m ix, USP XIV 6 6
Cane sugar 26 34
Cornstarch 26 34
Agar 2 2
Vitam in su p p lem en t3

1 S u p p lied  to  sp ec ifica tio n  b y  G e n e ra l B io ch em ica ls , 
In c ., C h a g r in  F a lls , O hio.

2 P r im e x , P ro c te r  a n d  G am b le  C o m p an y , C in c in n a ti .
3 P lu s  co m p le te  v ita m in  s u p p le m e n t as  fo llo w s: ( in  

m g /k g  o f r a t io n )  a-tocophero l, 224 .8 ; C a p a n to th e n a te ,  
45 .0 ; c h o lin e  c h lo rid e , 5993.4 ; ¿-inosito l, 299 .7 ; m e n a 
d io n e , 2 .2 ; n ia c in ,  599.3 ; p y rid o x in e -H C l, 21 .0 ; r ib o 
flav in , 21 .0 ; th ia m in e , 21 .0 ; v i ta m in  D  cone  (400 ,000  
U SP u n i t s / g ) ,  0 .6; a n d  v i ta m in  A cone  (200 ,000  USP 
u n i t s /g ) ,  23.7.

when the 20% casein diet was substituted 
for the 4% casein diet. The rabbits in  
group A were fed the 20% casein diet 
for 55 days through experim ental day 
130. The rabbits in  group B were con
tinuously fed the 20% casein diet for 94 
days from day 36 through day 130. The 
diet in  both groups A and B6 7 8 was changed 
to the standard laboratory chow after day 
130 and observations were continued for 
another 35 days until day 165, the end of 
the experiment. Rabbits in group C were 
fed the standard laboratory chow through
out the 165 days of observation.

A. Standard laboratory procedures. 
Each rabbit was weighed to the nearest 
10 g and blood samples were obtained at
10-day to 2-week intervals. Hematocrits 
(1 2 ), hemoglobin content (1 3 ) , and red 
cell counts on the Coulter counter were 
determ ined on each blood specimen. Blood 
volumes were m easured using Radioiodi- 
nated Hum an Serum Albumin (R ISA F31) 
during the control period, at the time of 
m axim al depletion and during repletion. 
Nitrogen gains and losses were determined 
by metabolic techniques for three 3-day 
continuous periods: 1) at the time of 
stabilization for all the rabbits (control 
period); 2) after the purified diets had 
been fed for 5 weeks for groups A (4%  
casein) and B (20%  casein); at 10 weeks 
when the 2 groups were fed the 20% 
casein diet. Stainless steel metabolism 
cages 7 were used for the collections. The 
rabbits were not collared.

Serums were analyzed for their total 
protein content by the biuret m ethod (14) 
with micro-Kjeldahl standards. Serum 
fractions were obtained by paper electro
phoresis using a Spinco durrum-type cell.8

B. Sulfur-35 methionine studies. After
5-weeks of protein depletion 100 uc of 
S35-L-m ethionine9 per 2.5 kg of body 
weight were injected into the m arginal 
ear veins of the rabbits in groups A and B 
and 2 rabbits from group C. Post-injection

5 R o c k la n d  R a b b it R a tio n , A. E. S ta ley  M a n u fa c 
tu r in g  C o m p an y , D e c a tu r , I ll in o is . A verage  a n a ly s is : 
( i n  p e r  c e n t )  p ro te in , 17.4; f a t ,  1.6; fib e r, 14.9; c a rb o 
h y d ra te s ,  65 .8 ; a n d  a sh , 6.0.

6 O ne ra b b i t  in  g ro u p  B d ie d  on  d a y  129.
7 P a r ts c o  C o m p an y , In c ., C o lu m b u s, Ohio.
8 B ec k m a n  T e c h n ic a l  B u lle tin  no . 6051A (1 9 5 8 ) .  A 

m e th o d  fo r  s e ru m  p ro te in s  u s in g  b ro m p h e n o l b lu e  dye 
in  a lco h o lic  so lu tio n . S p inco  P ro ce d u re  B. B eck m an  
In s tru m e n ts ,  In c ., P a lo  A lto, C a lifo rn ia .

9 T h e  specific  a c tiv ity  o f S35-L -m eth ion ine  w a s  n o t 
le ss  t h a n  61 .77  jnc/m g.
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blood samples were obtained from  the op
posite ear at 1 hour and from alternate 
ears at 2, 5 and 7 hours.

The activity of the total serum  protein 
in  the samples was obtained by precipitat
ing the protein from  0.25 ml serum  with 
trichloroacetic acid and redissolving the 
precipitate in  1 m l of m  Hyam ine.10 To 
this solution were added 20 ml of a di- 
oxane base scintillation fluid. Samples 
were cooled to 4°, dark-adapted and 
counted in  a liquid scintillation counter.11 
Post-injection radioactivity was m easured 
in  each of 5 successive 3-day urine pools 
by placing 0.2-ml aliquots directly into the 
dioxane scintillation fluid for counting. 
The rabbits in  group A continued to con
sume the deficient diet for 5 days follow
ing adm inistration of the S35-methionine 
and were then rehabilitated with the 20% 
casein purified ration. After a 5-week 
period of refeeding the depleted animals, 
the rabbits in  groups A and B and the 
2 rabbits from group C received a second 
injection of S—m ethionine adm inistered 
on the same weight basis and 2 additional 
rabbits fed the stock diet (group C) re
ceived a prim ary injection of the tagged 
amino acid. Pre-injection blood samples 
were obtained to m easure residual activity 
and post-injection samples were drawn at 
1, 2, 4, 6, and 8 hours and processed as 
described above. The activity in  the urine 
was m easured for the following 9 days by 
the procedure described after the original 
injection.

Incorporation of the S35 label into the 
serum  album in and the a-, g-, and y-globu- 
lins was studied. After the first injection, 
serum samples obtained at 4 to 5 hours 
and at 5, 18 and 32 days were analyzed. 
After the second injection, the 4- to 5-hour 
serum  sample and samples obtained 6 and 
21 days post-injection were analyzed. 
According to the pack principle described 
by Armstrong et al. (1 5 ) , strips of cellu
lose acetate,12 5 cm by 20 cm, were placed 
in  packs of four in  a horizontal water- 
cooled cell. Four-tenths milliliter of serum 
was applied approxim ately 6 cm from  the 
cathode in  an even line by a micropipette 
leaving side m argins of 1 cm. One h un
dred-sixty volts were used for 18 hours to 
fractionate the serum. A barbital buffer 
(pH 8.6 and ionic strength 0.075) was

used to give separations consistent with 
those obtained by paper electrophoresis, 
which was used as a standard.

Strip no. 3 of each pack was air-dried 
and stained in  0.2% Ponceau S Red for 
10 m inutes. The rem aining strips were 
cut to the pattern  of the stained strip for 
the albumin, ct-, [3-, and y-globulins. These 
4 portions were dissolved directly in  a 
dioxane scintillation fluid for counting.

The radioactivity in  the serum  fractions 
is reported in  term s of the percentage of 
the total activity present in  each fraction 
and the specific activity adjusted by the 
protein concentration in the fractions.

C. Statistical evaluation. The statistical 
significance of the results was determined 
by the use of the t test for small num bers
(1 6 ). Differences in  actual m ean values 
or the m ean change between dietary 
groups were examined. A P value of 0.05 
or less was taken as significant.

RESULTS

During the 7 days of change from  the 
stock to the purified diet the rabbits 
in groups A and B showed less weight 
gain than  the control anim als fed the 
stock diet. The rabbits in  group B, fed 
the 20% casein ration, began to gain 
weight at a rate sim ilar to tha t of the 
anim als fed the stock diet continuously. 
W hen the rabbits in  group A were 
changed to the 4% casein ration, weight 
loss resulted (fig. 1). The average weight 
loss during the depletion period was 6% 
of the average weight at the beginning of 
the period. However, the average weight 
was 13% below the weight predicted for 
these anim als if the same rate of increase 
in  weight observed during the control 
period had continued during the period of 
depletion. At the completion of the re
habilitation period the rabbits in  group A 
had achieved an average body weight sim
ilar to the average weights in  groups B 
and C.

The average values during the control, 
depletion, and repletion periods for total 
serum  protein, blood volume, red blood 
cells, hemoglobin and hem atocrit in  the

10 P a c k a rd  In s tru m e n t  C o m p an y , L a  G ran g e , I ll in o is .
11 P a c k a rd  Series 314E . T ri-C arb  L iq u id  S c in tilla -  

t io n  C o u n te r.
12 S e p ra p h o re  I I I  o b ta in e d  f ro m  G e lm a n  I n s tru m e n t  

C o m p an y , A n n  A rbo r, M ich ig an .
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Fig. 1 Average weights of 3 groups of rabbits fed different diets during protein depletion- 
repletion studies.

3 groups of anim als are shown in table 2. 
Total protein had decreased in  group A 
(4%  casein) by day 75, the end of the 
depletion period; however, this change 
was not significant by t test. Technical 
variations in  blood volume m easurem ent 
from  one observation period to another 
make it difficult to compare changes over 
time in  a single group of rabbits. W hen 
blood volume is related to body weight 
there were no significant differences be
tween groups A and B during the deple
tion period or among all 3 groups during 
the control and repletion periods. A hypo
chromic microcytic anem ia developed in 
the rabbits fed the 4% casein diet. This 
is shown by the significant decreases in  red 
blood cell count, hemoglobin, and hem ato
crit on day 75 in  table 2. Changes in  the

red cell indexes occurred in  all groups and 
this is likely related to the repeated blood 
sampling during the study. The low values 
on day 115 were coincident with the end 
of a week of repeated bleedings. Signifi
cant differences among the groups were no 
longer present by day 130. There were 
no significant changes among the groups 
in serum  protein fractions as m easured by 
paper electrophoresis during the period of 
observation (table 3).

Nitrogen retentions, sim ilar for the rab
bits fed the 20% casein ration and the 
stock laboratory diet, averaged approxi
m ately 650 m g/day. Rabbits fed the 4% 
casein diet were losing an average of 220 
m g of nitrogen per day at the time of 
m axim al depletion. W ith the change to 
the 20% casein diet nitrogen retentions
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TABLE 2
Average values for to ta l serum  protein , blood volum e, red blood cells, hem oglobin, and  

hem atocrit at various in tervals in  3 groups of rabbits fed d ifferen t diets

Study
group

Study periods
Control Depletion Repletion

Day
28

Day
43

Day
75

Day
109

Day
115

Day
130

Day
165

Total protein, g /1 0 0  m l blood
A 6.16 1 5.94 5.44 6.70 6.59 6.43 6.04
B 6.05 2 6.25 6.36 6.27 6.55 6.39 1 5.98 1
C 6.11 6.17 6.12 6.05 6.46 6.16 5.82

Blood volum e, total m l
A 167.2 167.6 1 113.4 ____ 3 137.2 1 131.0 182.7 1
B 184.0 1 182.8 137.5 — 153.4 157.9 2 184.5 2
C 166.6 — — — 150.2 1 — 191.1 1

Blood volum e , m l/k g  body wt
A 58.9 58.0 1 42.2 — 43.7 1 40.0 48.3 1
B 60.4 1 59.5 44.1 — 44.8 45.5 2 49.5 2
C 56.2 _ _ — — 39.8 1 — 48.0 1

Red blood count, m illio n s/m m 3
A 5.99 6.20 1 4.87 5.19 4.73 4.54 5.80
B 5.71 5.97 5.90 5.60 4.98 4.82 1 6.01 1
C 5.77 — — 6.28 5.38 5.17 6.50

Hemoglobin, g /1 0 0  m l blood
A 15.5 15.3 1 10.5 12.2 10.9 13.9 13.5
B 15.0 14.3 13.7 13.4 11.6 14.1 1 13.7 1
C 15.5 — 13.9 12.9 14.9 13.9

Hem atocrit, %
A 37.3 41.7 2 27.8 34.0 34.8 36.2 39.4
B 39.6 39.4 36.6 37.0 35.6 37.4 1 39.8 1
C 39.5 — — 38.0 38.8 40.5 39.8

1 Four animals only.
2 Three animals only.
3 Value not determined.

for group A averaged between 800 and 
1000 m g/day  for the observed periods dur
ing repletion.

The serum was analyzed for the S35 pres
ent in  the 4 basic protein fractions, 
namely, album in and a-, (3-, and y-globu- 
lins. The trend of incorporation of the 
radioactive sulfur in  the serum protein 
fractions over a m onth’s study from deple
tion to repletion was observed. The per
centage of the total original activity in i
tially in  the album in fraction was 43.7 for 
those fed the 4% casein diet and 37.9 for 
the rabbits fed the 20% casein ration for 
5 weeks ( table 4 ). The percentage activity 
in the album in fraction increased until the 
eighteenth day post-injection when activi
ties were 68.8 and 64.2% in the depleted 
and control rabbits, respectively.

For the a-globulins an average decrease 
of 12% activity was noted between the 
original observations and the observations 
5 days post-injection for the anim als fed 
the 20% casein diet in  contrast with an 
average decrease of 4.5% for the anim als 
consum ing 4% casein (table 4 and fig. 2 ). 
This difference in m ean change was not 
significant ( t =  2.13; P >  0.05). On the 
fifth day post-injection the diet was 
changed from 4% to 20% casein; a sharp 
decrease in the percentage activity in  the 
a-globulin is seen in figure 2. This is simi
lar to the original decrease in  activity ob
served for the anim als fed the 20% casein 
diet following the injection. The decrease 
from day 5 to 18 in  the 4% casein group 
was significantly different from the de
crease in  the 20% casein group ( t  =  2.34;
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TA BLE 3
Average percen tage of to ta l serum  protein  in  serum  fractions a t various in tervals  

in  3 groups of rabbits fed  differen t diets

Serum
fraction

Study
group

Study periods
Control Depletion Repletion

Day
28

Day
43

Day
75

Day
115

Day
130

Day
165

% % % % % %
Album in A 71.9 1 73.3 73.6 72.4 81.9 73.7

B 74.7 2 70.7 71.5 76.9 80.3 1 71.8 1
C 74.5 __  4 75.9 3 73.2 75.0 70.2

cci-Globulin A 2.0 1 2.8 2.7 3.2 2.2 3.2
B 1.7 2 2.6 2.1 2.6 1.9 1 3,1 1
C 2.1 — 2.2 3 3.8 3.7 3.9

a2-Globulin A 7.6 1 7.7 9.0 7.2 3.7 6.2
B 5.3 2 7.5 7.0 5.8 4.8 1 5.7 1
C 7.4 — 6.6 3 7.3 6.4 5.8

/3-Globulin A 11.5 1 9.1 7.7 8.5 5.9 7.2
B 9.9 2 10.7 9.4 7.6 6.7 1 10.4 1
C 8.8 — 7.4 3 7.8 7.0 8.9

7 -Globulin A 7.0 1 7.1 7.7 8.7 6.4 9.3
B 8.4 2 8.6 9.4 7.2 6.3 1 9.1 1
C 7.2 — 7.4 3 7.8 7.9 9.7

1 F o u r  a n im a ls  only .
2 T h ree  a n im a ls  only .
3 T w o a n im a ls  only .
4 V a lu e  n o t d e te rm in e d .

TA BLE 4
Average percen tage of to ta l S33 a c tiv ity  in  the serum  prote in  fractions a t the en d  of 

dietary  depletion  and during repletion

Serum
fraction

Study
group

Experimental day
70 1 75 88 102 109 i 115 130
% % % % % % %

Album in A 43.7 52.3 68.8 70.8 56.2 65.1 66.6
B 37.9 55.5 64.2 71.2 51.2 59.2 67.5

a-Globulins A 23.6 19.1 9.0 11.7 20.1 15.8 15.2
B 27.0 15.2 11.3 11.5 24.6 17.2 15.9

/3-Globulin A 23.4 18.8 12.1 10.3 15.3 11.6 9.2
B 25.1 17.9 12.1 10.3 17.2 13.6 9.2

7 -Globulin A 9.3 9.8 10.1 7.5 8.4 7.5 9.1
B 10.0 11.5 12.4 7.1 7.1 10.1 7.4

1 D ays o f in je c tio n  o f S35-m e th io n in e .

P <  0.05). The percentage activity in  the 
3-, and y-globulins for all groups decreased 
until day 18 and then stabilized. D ata on 
rabbits fed the stock diet throughout the 
study showed no significant variation from 
the anim als fed the 20% casein diet in  any 
of the serum  protein fractions.

After a 5-week period of repletion a sec
ond injection of S35-methionine was given. 
No significant differences in  the incorpora

tion of the tracer were observed for dietary 
groups A and B (table 4 and fig. 2).

An analysis of the specific activity pres
ent in  the serum  fractions is shown in 
figure 3. Over the 18-day period analyzed, 
there was an actual increase in  the specific 
activity in  the album in fraction for the 
rabbits depleted in  protein. The control 
anim als of group B dem onstrated a grad
ual decrease in the specific activity of the
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PERCENT
o f

TOTAL
ACTIVITY

Fig. 2 Percentage of the total S35 activity in  the a-globulin fractions follow ing intraven
ous injection  of S35-l -m ethionine. The first injection was given 5 days before the end of the 
depletion diet and the second injection w as given after 34 days of feeding an adequate diet.

album in fraction which is in  agreem ent 
with the anticipated decay of the isotope 
and half-life of the album in fraction. The 
analysis of the percentage of activity in 
the a-fraction (fig. 2) dem onstrates a per
sistence of the label in  the depleted ani
mals compared with the control anim als 
but the loss in specific activity (fig. 3) is 
sim ilar in the 2 groups.

The [3- and y-globulin fractions demon
strate a decrease in  specific activity for 
both the depleted and the control animals. 
However, the actual counts per un it of pro
tein were higher in  the depleted than  in 
the control rabbits.

S35 excretion patterns. Average urinary 
excretion of SM per day per mg of urinary 
nitrogen in  the 3-day pools are presented

in table 5 for the rabbits fed the 4% casein 
diet and the 20% casein diet. In pool 1 
collected at the time of m axim al depletion 
the urinary excretion of S35/m g  of urinary 
nitrogen was double that of the excretion 
in the norm al animals. W hen total counts 
of S35/d ay  in  the urine were m easured 
however, the norm al anim als excreted in 
excess of twice as m uch total S35 activity 
as the protein-depleted rabbits.

The difference in  counts per m illigran 
of N was still apparent in  pool 2 collectec 
for the 3 days immediately following the 
dietary change for group A from 4 to 20% 
casein. The excretion patterns gradually 
became more sim ilar until by the sixtl 
day of refeeding the differences in  the 
total counts excreted were not significant
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Fig. 3 Change in  the average specific activity of S35 in serum protein fractions at 5 and 
18 days after intravenous injection of S35-n-methionine. The diet was changed from 4% 
casein  to 20% casein in the 4% casein group 5 days after injection.

The second injection of S35 after 5 weeks 
of refeeding dem onstrated no significant 
differences between groups A and B.

S33 uptake by serum proteins. The up
take of S35-methionine by the serum  pro
teins m easured 5 times during an 8-hour 
period in  the protein-depleted and control 
rabbits is illustrated in figure 4. The activ

ity of the S35 m easured in the precipitated 
total serum protein was calculated per 
m illigram of serum nitrogen. The S35 label 
was taken up with greater avidity by the 
serum proteins of the protein depleted rab
bits in contrast with the control animals. 
After a 5-week period of refeeding, a sec
ond injection of the S35 was taken up at a



4 1 5S35 M E T H IO N IN E  STU D IE S IN  P R O T E IN  D E PL E T E D  RA B BITS

TABLE 5
Average urinary excretion  of S35 rad ioactiv ity  a t the end of d ietary  protein  depletion and  

during repletion  expressed  as counts per u n it of urinary nitrogen  
and as to ta l counts excreted

Urine 
pools 1

Study
group

Counts 2/m g N Total counts 2
Injection 

no. 1
(depletion)

Injection 
no. 2

( repletion )
Injection 

no. 1
(depletion)

Injection 
no. 2

( repletion )

i A 17.4 8.2 5,374 8,719
B 9.7 9.2 12,781 9,445

2 A 6.2 5.3 2,807 6,427
B 2.5 5.7 2,835 6,321

3 A 5.0 3.7 2,483 3,765
B 4.1 4.3 3,777 3,742

4 A 2.4 __  3 1,420 —

B 2.1 — 2,455 —
5 A 2.2 — 1,435 —

B 2.1 — 2,263 —
1 Consecutive 3-day pools.
2 Expressed as actual counts/1000.
3 Value not determined.

HOURS AFTER INJECTION

Fig. 4 Change in  the average specific activity of S35 in  total serum  protein during 8 
hours after intravenous injection of S35-L-methionine. Curves marked w ith  1 bar were ob
tained during dietary depletion of the 4% group and curves marked w ith 2 bars were ob
tained after 34 days of dietary repletion of the

significantly lower level by the rehabili
tated rabbits. The uptake of the S35 did 
not change in  the 2 study periods for the 
anim als fed the 20% casein ration and 
followed a pattern  very similar to that of 
the anim als fed the stock diet.

sam e group.

DISCUSSION
Previous workers have shown that se

rum  protein fractions, studied by chemical 
separations and electrophoretic techniques, 
have not been consistently altered in  pro
tein deficiency states (3, 17, 18). In fact
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num erous inconsistencies are found in  the 
literature with respect to changes in  total 
serum  protein concentration, serum pro
tein fractions and the total am ounts of 
circulating protein, as well as blood vol
um e changes. This disagreem ent in  the 
literature is more understandable when it 
is realized that: 1) subjects were at differ
en t stages of deficiency; 2 ) responses may 
be species specific; 3) different methods 
of serum protein separation were used; 4) 
certain adaptive m echanism s have been 
activated according to both inherited tend
encies and environm ental conditions. How
ever explainable, this does not decrease the 
need for improved methodology to quantify 
protein nutriture.

Yuile and co-workers (19 ) dem onstrated 
in  protein deficiency that more protein was 
lost from the extravascular com partm ent 
than  from  the circulating plasm a. Hoffen- 
berg and co-workers (1 8 ) produced a mild 
protein deficiency in  hum an beings over 
a relatively short duration. They observed 
no change in  the album in concentration 
or the total circulating album in. Consist
ent with the observations of Yuile and co
workers, the greatest m easurable decrease 
was calculated to occur in  the extravascu
lar pool. In  this study, rabbits depleted 
in  protein for a 5-week period showed no 
significant change in the blood volume, 
serum  protein fractions or total circulating 
proteins. This gives further confirmation 
to the work of Whipple (20 ) which em pha
sized the preferential m aintenance of in 
travascular proteins.

In 1945, two groups of investigators 
(21, 22) reported a decrease in  serum al
bum in and certain globulins in  the protein- 
depleted dog and the m aintenance or an 
actual increase of the a-globulins. Succeed
ing field and laboratory studies did not 
confirm this observation (3 ) . However, 
the use of the tagged amino acid, S35- 
methionine, gives support to these observa
tions. At the time the experim ent reported 
herein was in progress, W annam acher and 
co-workers (1 1 ) were studying serum  pro
tein synthesis during the development of 
protein deficiency in  the dog. The dogs 
were injected with S35-methionine after 4 
and 8 weeks consum ption of a protein free 
diet. Blood samples, obtained 6 hours 
after the injection, were fractionated and

counted for radioactivity. W ith depletion, 
the ai-globulins increased in  percentage of 
activity, whereas the albumin, a2- and 13- 
globulins decreased. There was no change 
in  the activity of the y-globulins. The per
centage of activity reported in  these frac
tions is in  agreem ent with the observations 
of the current experim ent although the 
sample for study, fractionation and count
ing procedures differed. W annam acher et 
al. (1 1 ) used a paper electrophoretic tech
nique and a strip counter which recorded 
the activity of the in tact pattern. In the 
present study a serum sample of 0.4 ml 
was separated on cellulose acetate support 
to obtain sufficient activity for liquid scin
tillation counting of the serum  activity 
over a 30-day period. This methodology 
did not separate the a-globulins into their 
component parts, but the a-globulins, con
sidered as one group, did m aintain  their 
activity in  the protein-depleted rabbits. 
This is consistent with the observations of 
W annem acher et al. (1 1 ) and earlier re
ports of others (21, 22). Recent work by 
W eimer (2 3 ) with ra ts depleted in  pro
tein specifically indicates tha t the a2-glob- 
ulins are m aintained in  conditions of 
severe nutritional stress in  this species. 
The physiological function of this fraction 
rem ains unclarified.

W hen an adequate protein source was 
made available to the depleted rabbits the 
incorporation of the radioactive label by 
the serum fractions became sim ilar to the 
control anim als. Activity in  the a-fraction 
decreased at the ra te noted for the control 
rabbits directly after injection. Observa
tion at a closer interval seems w arranted to 
titrate the sensitivity of this response at 
different caloric and protein levels.

From the data here reported on both con
trol and experim ental anim als, it was ob
served that after the original injection a 
higher concentration of the isotope was 
noted in  the globulin than  the album in frac
tion. This could be related to equilibration 
phenom ena or some peculiarity of trans
port. Following the label for a 30-day period 
in the serum protein fractions, it was ob
served that the activity tended to reverse 
itself from day 1 to day 18 at which time 
the activity was more nearly proportional 
to the actual protein concentrations in  the 
fractions. The half-life of the album in
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versus the globulin components or a spe
cific trend in  the reutilization of the label, 
or both, m ust be considered in  the in ter
pretation of these data. The specific ac
tivity calculation, particularly for the al
bum in fraction, strongly suggests that al
bum in was preferentially being synthesized 
in the protein depleted rabbits. Work to 
confirm this observation seems indicated.

The urinary excretion patterns of S35 
were definitive of protein deficiency. The 
control rabbits excreted more S35 during 
the observation period than  the depleted 
animals. W hen the excreted S35 was re 
lated to the am ount of urinary nitrogen ex
creted, the depleted anim als excreted more 
S35/m g  of nitrogen than  the control ani
mals. This indicated conservation of the 
labeled amino acid by the depleted anim als 
either through reutilization or reduced ca
tabolism or both.

Garrow (6 , 7) observed a higher rate 
of uptake of S35 m ethionine by the serum 
proteins of m alnourished children and pro
tein-depleted dogs. The present study also 
revealed higher S35 activity/m g of serum 
nitrogen in  the protein-depleted rabbits in 
contrast with the norm al control animals. 
This greater uptake of S35 by the rabbits 
m arginally depleted in  protein in  contrast 
with the control rabbits dem onstrated the 
sensitivity of this technique when other 
changes in  serum  protein were not appar
ent. These observations are consistent 
with the work of Garrow (6, 7) in more 
severe protein m alnutrition. Bronsky and 
co-workers (2 4 ) , however, were unable to 
dem onstrate any change in  the pattern  of 
uptake of S35 by the serum proteins of a 
severely depleted patient after nutritional 
rehabilitation although the serum  protein 
concentration of the patient had increased. 
After a 5-week period of refeeding, the 
rehabilitated rabbits had a reduced uptake 
in serum  proteins, whereas the control 
anim als showed no change in their pattern  
of uptake for the isotope. Explanation for 
this difference is not clear.

By the criteria of change in  body weight, 
red cell indexes and nitrogen losses as de
term ined by metabolic balances, there is 
an  indication that a mild-to-moderate pro
tein deficiency was produced by the 4% 
casein diet. Studies on the uptake of S35- 
m ethionine by the serum  proteins, the ex

cretion pattern  of the S35 label and the 
incorporation of the isotope into the serum 
protein fractions indicated tha t alteration 
in the metabolic processes of the rabbit 
had occurred and that this alteration was 
not detected by changes in total serum 
protein concentration or by changes in  the 
serum  protein fracitons. Continued inves
tigation of the use of tagged am ino acids 
for determ ination of nutritional status ap
pears warranted.
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ABSTRACT  The 1-m ethylhistidine, histid ine, 3-m ethylhistidine, anserine (/3-alanyl- 
1-m ethylhistidine), and carnosine (j3-alanylhistidine) content o f urine from  5 subjects 
was determ ined by ion-exchange chromatography. Controlled diets containing 2 levels 
of protein were fed; one series contained protein from  anim al flesh; the other contained  
no flesh protein. More of the histid ine derivatives were excreted by subjects eating the 
flesh protein diets than by those eating the non-flesh diets. The former subjects also 
responded to increased protein intake w ith  increased excretion of the derivatives; the 
latter did not. 1-M ethylhistidine excretion tended to parallel intake. Both of the 
dipeptides, anserine and carnosine, were present in  the urine of all the subjects whether 
or not they were present in  the diets; thus their source could be either exogenous or 
endogenous, or both. 3-M ethylhistidine w as not present in  any of the foods analyzed 
(beef, chicken, m ilk, bread) but was present in  the urine of all o f the subjects. Its 
source is not known.

Hubbard and associates (1 )  reported 
that m any patients with a certain derm ato
logical disorder had abnormal ratios of 
1-methylhistidine to histidine and 3-meth- 
ylhistidine to histidine in  the urine. Block 
and co-workers (2, 3) fed free L-histidine to 
these patients and to control subjects but 
no consistent effect on the excretion of the 
m ethylated histidines was noted. Earlier, 
D atta and Harris (4 )  had reported that 
urinary 1-methylhistidine was of dietary 
origin; and Stein et al. (5 )  concluded that 
its excretion roughly paralleled the am ount 
of protein ingested by hum an subjects.

In the present investigation the effect on 
urinary content of 1-methylhistidine, histi
dine, 3-methylhistidine, anserine (3-alanyl- 
1-methylhistidine), and carnosine (3- 
alanylhistidine) was studied in hum an 
subjects, when diets containing 2 levels of 
protein were fed; one series of diets con
tained protein from anim al flesh; the other 
series contained no flesh protein.

EXPERIMENTAL

Subjects. Five healthy adults, 4 male 
and 1 female, with norm al liver and kid
ney function served as subjects. They 
ranged in age from 21 to 24 years; their 
weights, which rem ained constant through
out the study, were 83, 78, 62, 60, and 78 
kg, respectively, for subjects F, K, P, Ke,

and L. Throughout the study, they lived 
in a metabolic ward.

Diets. The m ajor sources of protein 
and the am ounts each contributed to the 
daily protein intake of the subjects are 
shown in  table 1. Subjects F, K, and P 
were fed a constant diet in which 21 g of 
the total protein intake came from 100 g 
of beef during period 1 which lasted 10 
to 11 days. In period 2, the intake of beef 
was increased to 400 g, and contributed 
83 g of protein daily for 7 to 8 days. In 
period 3, white m eat of chicken was sub
stituted on an “iso-protein” basis for the 
beef for 3, 3, and 1 days, respectively, for 
subjects F, K, and P. Beef or chicken, plus 
milk and bread, accounted for between 
65 and 90% of the total protein intake of 
the 3 subjects during the various diet 
periods (table 1).

Subjects Ke and L received no flesh pro
tein; 50 g of their total protein intake of 
54 g came from milk and bread during 
period 1 which lasted 6 to 7 days; milk 
and bread intake was doubled for the 7 
days of period 2 (table 1).

Collection and analysis of urine. Twenty- 
four-hour urine collections were made dur-
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TA BLE 1

Sources and am ounts of prote in  fed  to subjects

Period 1 Period 2 Period 3

Source Subjects Subjects Subjects

F K P Ke
and L F K P Ke

and L F K P

Beef
Chicken

21 1 21 21 83 83 83
84 84 84

Milk 14 9 6 42 32 25 7 84 32 21 4
Bread 16 11 11 8 16 11 11 16 16 11 11
Other 21 22 17 4 23 20 17 4 23 24 20

Total
intake 72 63 55 54 154 139 118 104 155 140 119

1 G ram s o f p ro te in /d a y .  U .S.D.A. H a n d b o o k  no . 8, W a s h in g to n , D.C., J u n e  1950.

ing the last 3 days of periods 1 and 2, and 
during all the days of period 3. Phenol and 
HC1 were used as preservatives, and the 
samples kept frozen at —20° until analysis 
was performed. They were prepared for 
analysis by the method of Stein (6 ) , and 
analyzed for 1-methylhistidine, histidine, 
3-methylhistidine, anserine and carnosine 
by ion-exchange chrom atography (7 ) .

Preparation and analysis of food sam
ples. Beef and chicken. Ground beef or 
m inced white m eat of chicken was frozen 
and ground in  a Wiley mill (40-gauge 
screen) at the tem perature of liquid nitro
gen. The powdered m aterial obtained was 
lyophilized, defatted by extraction with 
diethylether-absolute ethanol m ixture (3:1) 
for 24 hours in a Soxhlet extractor, and 
stored in vacuo until used. The powder 
was prepared for analysis of free amino 
acids (those contained in  the non-protein 
fraction) by the procedure of Tallan and 
co-workers (8 ) . For analysis of total 
amino acids (those contained in  both 
the non-protein and protein fraction) a 
weighed portion of the powder was placed 
in 6  n  HC1 in a Pyrex tube, the tube sealed, 
and heated for 24 hours at 120°. HC1 was 
removed under vacuum, the residue dis
solved in  a small am ount of water, and 
transferred quantitatively to a volumetric 
flask with buffer (pH  2.2) (7 ) .

Milk. If necessary, milk was defatted 
by centrifugation, and then lyophilized. 
The powder was prepared for analysis of 
free and total amino acids as above.

Bread. Bread was dried in an oven at 
75° for 24 hours and ground to a fine 
powder. The powder was prepared for

analysis of free and total amino acids as 
above.

The 1-methylhistidine, histidine, 3 -  
m ethylhistidine, anserine, and carnosine 
content of the above preparations were 
determ ined by ion exchange chromatog
raphy (7 ).

RESULTS

Analysis of foods. Table 2 shows the 
free and total content of 1-methylhistidine, 
histidine, 3-methylhistidine, anserine, and 
carnosine of beef, chicken, milk, and bread 
in  micromoles per gram of protein, and in 
grams per 100 g of food.

Free 1-methylhistidine, histidine, an
serine, and carnosine were present in  the 
non-protein extract from beef. The di
peptides, anserine and carnosine, were 
particularly abundant, 12.6 and 76.9 
nmoles/g of beef protein, respectively. 
Approximately all of the 1-methylhistidine 
in beef was present as part of anserine 
(12.6 nmoles); this am ount plus the 0.5 
nmoles existing as the free amino acid 
account for 13.1 nmoles of the total 13.3 
nmoles of 1-m ethylhistidine/g of protein in 
hydrolyzed beef. Histidine present as part 
of the dipeptide carnosine accounted for
76.9 nmoles or approximately 41% of the 
total am ount of this amino acid present in 
beef after acid hydrolysis (table 2).

The non-protein extract from  white 
m eat of chicken contained 3.3, 85.8, and
58.8 nmoles of free histidine, anserine, and 
cam osine /g  of protein, respectively. The 
total 1-methylhistidine present after acid 
hydrolysis of the chicken m eat was 28.6 
nmoles more than  could be accounted for
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by liberation of this amino acid from 
anserine. Approximately 31% of 58.8 
umoles of the total histidine present could 
be accounted for by the histidine moiety 
of carnosine.

No free amino acids or dipeptides were 
present in  milk. After hydrolysis, histidine 
was present.

Bread contained 3.8 nmoles of free 
1-m ethylhistidine/g of protein; after hy
drolysis, only histidine was observed.

3-Methylhistidine was not present in  any 
of the foods analyzed (table 2).

Excretion of histidine and histidine de
rivatives. Table 3 shows the daily intake 
of 1-methylhistidine, histidine, 3-methyl- 
histidine, anserine, and carnosine; and the 
excretion of these compounds expressed as 
milligrams per 24 hours and as percentage 
of intake by the 5 subjects.

The excretion of 1-methylhistidine by 
subjects F, K, and P tended to parallel in 
take during periods 1 and 2 when beef was 
the m ain source of the amino acid. The 
percentage of the ingested 1-methylhisti
dine excreted ranged from  75 to 88. Dur
ing period 3, the intake of the m ethylated 
amino acid was increased approximately 
ninefold over that of period 2 without 
altering the total intake of protein; the 
am ount of 1-methylhistidine excreted in 
creased but not proportionately to its 
intake. Between 56 and 69% of the 
am ount ingested appeared in  the urine. 
Subject P, who received the chicken in 
period 3 for one day only, showed a delay 
in  his output of 1-methylhistidine, e.g., the 
excretion rem ained high for several days 
after the period ended and he was returned 
to the beef diet of period 2. This delay in  
excretion could account for the lower per
centage of 1-methylhistidine excreted dur
ing period 3. Subjects Ke and L, who re
ceived no flesh protein in either diet period
1 or 2, excreted approximately the same 
am ounts of 1-methylhistidine during the
2 periods, although the intake during 
period 2 was double that of period 1.

The 5 subjects excreted between 4 and 
10% of the histidine ingested. As the in 
take increased, the am ount of histidine 
excreted increased but not in  proportion 
of the intake, e.g., subject F ingested 1.265 
and 3.543 g of histidine in  periods 1 and 2, 
respectively, but his excretion increased
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only from 101.3 to 154.9 mg. The response 
of the subjects to increased intakes of h is
tidine was the same whether they were ea t
ing diets containing flesh protein (subjects 
F, K, and P ), or diets devoid of flesh pro
tein (subjects Ke and L).

3-Methylhistidine was present in the 
urine of all subjects, and ranged in 
am ounts from  23.7 to 216.8 m g/24  hours, 
although the apparent intake was zero. 
Subjects F, K, and P showed an increase 
in  excretion of 3-methylhistidine from  pe
riod 1 to period 2 when the protein intake 
was doubled; subjects F and P showed a 
fu rther increase when chicken was sub
stituted on an “iso-protein” basis for beef 
in  period 3. Excretion of 3-methylhistidine 
by subjects Ke and L, who received non
flesh protein diets, rem ained essentially 
constant when the protein intake of period 
1 was doubled (period 2).

Anserine was present in  the urine of all 
5 subjects, ranging in  am ounts from 3.9 
to 225.0 m g/24  hours. The am ounts ex
creted by subjects F and K increased when 
the intake of the dipeptide increased. Sub
ject F excreted large quantities, 225.0 mg, 
during period 3 when chicken, a good 
source of anserine, was fed. U nfortu
nately, values for subjects K and P could 
not be calculated for this latter period. 
Subjects Ke and L, although ingesting diets 
in which no anserine could be detected, 
excreted the dipeptide (table 3).

Carnosine excretion by the 5 subjects 
ranged between 11.6 and 109.9 m g/24  
hours. Excretion of the dipeptide tended 
to parallel its intake by subjects F and K; 
subject P, however, showed a progressive 
increase in  the percentage of ingested car
nosine excreted during periods 1, 2, and 3. 
Carnosine content of the urine of subjects 
Ke and L rem ained essentially the same 
regardless of protein intake. None of the 
dipeptide could be detected in the latter 
diets (table 3).

DISCUSSION

The source of dietary protein influences 
the am ounts of 1-methylhistidine, 3-meth- 
ylhistidine, anserine, and carnosine pres
ent in  the urine of m an. Subjects in 
gesting protein from anim al flesh (beef 
and chicken) excrete more of the histi
dine derivatives than  those eating non

flesh protein (bread and m ilk). Increasing 
the intake of flesh protein results in  in 
creased am ounts of urinary 1-methylhisti
dine, 3-methylhistidine, anserine, and car
nosine; increasing the intake of non-flesh 
protein does not. Histidine excretion is an 
exception to this; increased intakes of his
tidine result in  increased excretion of the 
amino acid regardless of the source of the 
dietary protein.

The difference between the results 
found with the 2 sources of protein cannot 
always be explained by differences in their 
content of histidine and histidine deriva
tives. 3-Methylhistidine was not detected 
in  any of the diets fed regardless of protein 
source, but it was present in  the urine of 
all the subjects. Its excretion increased 
when increased am ounts of flesh protein 
were fed, but rem ained constant when in 
creased am ounts of non-flesh protein were 
given.

3-Methylhistidine is a norm al constitu
ent of urine (9 )  but little is known of its 
source, and nothing of its function in the 
body. Block and co-workers (2 )  showed 
that L-histidine (free base) fed in  a single
10-g dose decreased excretion of 3-methyl
histidine by subjects receiving a controlled 
diet. Smaller am ounts of histidine fed over 
a 3- to 7-day period had an erratic effect 
on excretion; 2 subjects showed a slight 
increase, one a decrease. Under the condi
tions of their study, urinary 3-methylhisti
dine did not appear to arise from ingestion 
of free histidine, per se. Tallan et al. (8 ) , 
using ion-exchange chromatography, ob
served less than  3.2 mg of 3-methylhisti
dine in picric acid, protein-free extracts of 
100 g of cat gastrocnemius muscle. In the 
present study, the analytical technique 
used (8 ) revealed no 3-methylhistidine in 
either extracts or acid hydrolysates of chick 
pectoral muscle and beef gluteal muscle. 
The metabolic inactivity of 3-methylhisti
dine is illustrated by the work of Cowgill 
and Freeburg (1 0 ) who showed tha t the 
radioactivity in the muscles of chicks, rab 
bits, ra ts, and frogs injected with 3-C14H3- 
histidine was present as the original in 
jected amino acid and was not incorpo
rated into a dipeptide or protein.

The 1-methylhistidine content of urine 
of m an is dependent on his intake of flesh 
protein, and consequently of anserine, ac
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cording to D atta and Harris (4 ) . The 
results of the present study confirm this 
observation. Stein et al. (5 )  reported that 
1-methylhistidine excretion reflects the 
level of protein in the diet. In the present 
study, this was true when the protein in 
the diet was beef. If, however, protein 
intake was kept constant and chicken sub
stituted on an “iso-protein” basis for beef, 
urinary 1-methylhistidine was substan
tially increased, presumably because of 
the large am ount of anserine present in 
chicken muscle.

It has been reported tha t m any patients 
with psoriasis vulgaris (1 ) ;  hyperparathy
roidism, argininosuccinic aciduria and 
Fanconi syndrome with cystinosis (1 1 ); 
and some women in the follicular phase 
of the m enstrual cycle (1 2 ) excreted more 
1-methylhistidine than histidine. The pres
ent study indicates that diet ra ther than 
abnormal metabolism may cause this ef
fect in  the diseases and the physiological 
state mentioned. More 1-methylhistidine 
than  histidine was present in  the urine of 
all the subjects (F, K, and P ) when 
chicken was fed, and when 400 g of beef 
were ingested by subjects K and P.

1-Methylhistidine excretion rem ained 
constant for all practical purposes when 
diets devoid of anserine were fed (sub
jects Ke and L). Bread, the only source 
of 1-methylhistidine in  these diets, con
tains 5 mg of the free m ethylated amino 
a c id /100 g, but doubling the intake of 
bread did not alter the output of the 
amino acid by the subjects. 1-Methylhisti- 
dine has a high rate of renal clearance
(1 1 ) and increased intakes would be ex
pected to cause increased am ounts in  the 
urine if absorbed normally, unless it was 
metabolized or incorporated into some 
body tissue. Further substantiation of the 
effect of anserine intake on the excretion 
of 1-methylhistidine is evident if the per
centage of the 1-methylhistidine moiety 
of ingested anserine excreted is compared 
with the percentage of the total 1-methyl- 
histidine intake excreted. For example, 
subject F excreted 102, 99, and 90% of 
the 1-methylhistidine moiety of the dipep
tide, anserine, ingested during diet periods 
1, 2, and 3, respectively; if calculated on 
the basis of the percentage of total 1-meth

ylhistidine ingested, the values were 79, 
88, and 62. The percentage range of 
excretion is less, calculated by the former 
method than  by the latter method; this 
was true for all of the 3 subjects, F, K, 
and P, eating flesh protein diets.

D atta and Harris (4 ) , from the results 
of their studies with subjects fed rabbit 
m eat (which contains a large am ount of 
anserine), suggested that the dipeptide 
m ay be absorbed in tact from the gut and 
excreted unchanged in the urine. Both 
the m ethylated and non-methylated dipep
tides of [3-alanine and histidine were pres
ent in  urine from  subjects in  the present 
study, regardless of whether the dipep
tides were present in  the foods eaten. 
Thus it appears that urinary anserine and 
carnosine m ay arise either directly from 
absorption of the dipeptides through the 
gut or indirectly from form ation of the 
dipeptides in the tissues of the body, or 
from  a combination of the two.
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ABSTRACT  The adm inistration of 0.03% propylthiouracil to rats resulted in  an 
increase in  plasm a cholesterol and phospholipid levels. No change was observed in  
liver cholesterol and total lipids. The induced hypercholesterolem ia was not lowered 
by feed ing a supplem ent of 20% cottonseed oil. However, further increased concen
trations of plasm a cholesterol and phospholipid were observed in  the hypothyroid rats 
m aintained w ith a diet containing 20% hydrogenated coconut oil. In the norm al ani
m als, the plasm a cholesterol concentrations were augm ented by the addition of dietary 
fat. The liver cholesterol and total lipids increased in  all anim als w hen their diets 
were m ixed w ith  unsaturated fatty  acids.

The degree of unsaturation of fatty  acids 
has been shown to exert little or no effect 
on the serum cholesterol levels in ra ts (1). 
In m an, on the other hand, the level of 
serum cholesterol can be lowered by the 
substitution of vegetable or unsaturated  oil 
(2 .3 ). The discrepancy between 2 species 
m ay be related to the relatively low values 
of serum  cholesterol (4 )  and high resist
ance to the development of atherosclerosis 
in  rats (5 ) . The purpose of the present 
work was to investigate whether a dietary 
supplem ent of unsaturated  fatty acids 
would alter the hypercholesterolemia 
which was induced by the adm inistration 
of propylthiouracil.

MATERIALS AND METHODS

The 36 Sprague-Dawley rats used in this 
study weighed approximately 150 g. The 
anim als were divided into 3 equal groups 
to which a basal ration of ground commer
cial laboratory chow 2 was fed. One group 
received 20% cottonseed oil, another 20% 
hydrogenated coconut fat, and the third, 
which served as a control, 36% sucrose. 
Furtherm ore, one-half of the ra ts in  each 
group had 0.03% propylthiouracil added 
to their diets. The norm al and propylthio
uracil-treated anim als were pair-fed among 
themselves with 3 different diets according 
to a caloric basis. Their body weights were 
m easured weekly. At the end of 7 weeks, 
the ra ts were anesthetized with Na pento
barbital (40 m g / kg in  1.5% solution). 
Blood samples were taken by cardiac punc

ture or from the dorsal aorta. A 2% solu
tion of M epesulfate 3 was used as an an ti
coagulant.

The weight of whole liver was deter
mined. Total lipids in  plasm a and liver 
were extraced with a 2:1  chloroform- 
m ethanol m ixture and the lipid extract 
was purified (6 ) . Plasm a and liver total 
cholesterol concentrations were determined 
according to Abell (7 ) . Phospholipid phos
phorus was analyzed by King’s m ethod (8). 
The liver total lipids were m easured gravi- 
metrically.

All values were analyzed statistically. 
The null hypothesis was rejected at a 5% 
level and a P value of 0.05 or less was con
sidered significant.

RESULTS AND DISCUSSION

The results of the experim ent are sum 
marized in  table 1. The rats receiving 
0.03% propylthiouracil showed a distinct 
retardation of growth which became ap
parent after 3 weeks. The thyroid glands 
of these anim als were hyperemic at the 
time of killing.

Although a significant increase in 
plasm a cholesterol and phospholipid was 
dem onstrated in  the hypothyroid rats, the 
expectation tha t cottonseed oil m ight lower 
the elevated plasm a lipid levels was not

R ece ived  fo r  p u b lic a tio n  N o v em b er 14, 1964.
1 P re s e n t a d d re ss : D e p a r tm e n t o f P h a rm a c o lo g y ,

S te r l in g -W in th ro p  R ese a rch  In s t i tu te ,  R en sse la e r, N ew  
Y ork  12144.

2 P u r in a , R a ls to n  P u r in a  C o m p an y , St. Louis.
3 M ep e su lfa te  (R o c h e )  is  th e  so d iu m  s a lt  o f s u lfa te d  

p o ly g a la c tu ro n ic  a c id  m e th y l e s te r  m e th y l g lycoside.
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TA B LE 1

Effect of propylth iouracil and d ietary  fa t on ra t p lasm a and liver lipids 1

Group Wt Plasma Liver
gain Cholesterol Phospholipid Weight Cholesterol Total

lipids

9 m g/100 ml m g/100 ml 9 9 /1 0 0 g 
body w t

mg/ g  wet 
tissue

mg/ g  wet 
tissue

Sugar
Sugar-)-

188 81.4 ±  14.6 1 5 9 .4 ±  16.4 12.2 3.7 2.6 ± 0 .3 1 54.3 ±  5.6

PTU 2 51** 128 .6±  9.3** 183.8 ±  17.9** 6.5** 3.1 2.8 ±  0.38 52.9 ±  5.5

Cottonseed 198 1 0 0 .0 ±  9.2* 165.1 ±  20.2 11.7 3.3 5.9 ±  0.76* 86.3 ±  14.8*
Cottonseed

+  PTU 54** 1 2 1 .9 ± 2 0 .5 * * 175.3 ±  14.3** 6.1** 3.1 5 .0 ±  1.5* 9 1 .8 ± 2 3 .7 *

Coconut 179 106.3 ±  13.2* 181.5 ± 1 2 .2 * 10.5 3.2 2.9 ± 0 .4 4 75.4 ±  9.6*
Coconut

+  PTU 51** 145.7 ±  13.9** 2 1 7 .2 ± 2 8 .8 * * 6.4** 3.2 3.2 ±  0.41 83.0 ±  12.0*

1 A ll v a lu e s  a re  m e a n s  +  s d : S =
— '  N  — 1

2 P T U  in d ic a te s  0 .03%  p ro p y lth io u ra c il .
* S ta tis t ic a lly  s ig n if ic a n t w h e n  co m p a re d  w ith  th e  su g a r-fe d  an im a ls .

** S ta tis t ic a lly  s ig n if ic a n t w h e n  c o m p a re d  w ith  th e  c o rre s p o n d in g  g ro u p  w ith o u t PT U .

fulfilled. However, in  the propylthiouracil- 
treated anim als, the addition of 20% hy
drogenated coconut fa t in  the diet in 
creased the phospholipid level (P  <  0.05) 
and the severity of hypercholesterolemia 
(P  <  0.05) when the values were com
pared with those of the sugar-fed ani
mals. In the norm al rats, increased plasm a 
cholesterol was observed by the addition of 
either cottonseed or hydrogenated coconut 
oil into the diet (P  <  0.05, <  0.02). This 
observation indicates that the plasm a 
cholesterol level in  norm al rats cannot be 
lowered by the supplem ent of unsaturated  
fatty  acids. On the contrary, there is a 
tendency for plasm a cholesterol level to 
increase when an excess am ount (=g 20% ) 
of any dietary fa t is substituted.

The adm inistration of propylthiouracil 
to the ra ts resulted in  a decreased liver 
weight (P  <  0.001). This reduction is pro
portional to the decreased body weight. 
The levels of liver cholesterol and total 
lipids were not significantly changed by 
the adm inistered drug. However, the sup
plem ent of 20% cottonseed oil increased 
both liver cholesterol (P  <  0.01) and total 
lipids (P  <  0.01) in  the norm al and pro
pylthiouracil-treated rats. The addition of 
20% hydrogenated coconut oil only in 
creased the liver total lipids (P  <  0.001). 
The accum ulation of liver cholesterol

m ight be due to an increased form ation of 
cholesterol ester. The incorporated fatty 
acid of the ester m ay be derived from the 
unsaturated  linoleic acid of the cottonseed 
oil (9, 10).
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ABSTRACT  Four calves were fitted at 3 weeks of age w ith re-entrant ileal fistulae 
located about 13 cm  orad to the ileo-cecal junction. The calves were fed  m ilk, or m ilk  
with sucrose or starch added, at various ages from 1 to 4.5 months. The diet was sup
plem ented w ith vitam ins, trace m inerals, and an antibiotic. Polyethylene glycol (PEG ) 
w as added as a marker. Ileal and fecal sam ples were taken at zero, 3, 6, 9, and 12 
hours after the m orning feeding. The utilization of lactose orad to the fistula w as 
high, and digestion in  the entire digestive trace was essentially  com plete. The average 
apparent digestion o f sucrose by the 4 calves w as 84% . The recovery of sucrose at the 
fistula varied w ith the time of sam pling, and was usually highest at 3 and 6 hours 
after feeding. Lim ited observations indicated that 87% of the digesta that passed  
through the fistula in  the 12-hour period passed during the 6-hour interim  from  1.5 to 
7.5 hours after feeding. Based on these data, sucrose digestion orad to the fistula aver
aged 41% for the 4 calves. D igestion of starch orad to the fistula could not be deter
m ined, since the starch did not pass at the sam e rate as the PEG.

W hen young calves consume liquid feed, 
tlic> m aterial by-passes the rum en and goes 
directly into the abom asum  (true stomach) 
via the  esophageal groove and sulcus 
omasj. Initially, it was assum ed that di
gestion in  young calves was sim ilar to 
th '.t in  non-rum inants, bu t recent research 
has shown that this is not always the case. 
In studies with carbohydrates, which were 
fed so as to avoid rum en ferm entation, it 
was shown that although glucose and lac
tose were very well utilized, the use of 
maltose was dependent on the age of the 
anim al (1 -8 ) .  The degree of utilization 
of sucrose and starch rem ains unclear. 
W hen blood reducing sugar was used as a 
m easurem ent of response, starch was 
poorly utilized and sucrose was not utilized 
at any age (1 , 2, 4, 7). However, conven
tional digestion trial studies indicated that 
sucrose and starch were utilized to an  ap
preciable exent (5, 8 -1 0 ) . Other data 
have been published which indicated that 
the disappearance of sucrose and starch 
was due to the action of microorganisms 
in  the posterior portion of the intestinal 
tract (1 , 5 ).

The objective of the present investiga
tion was to determine, by m eans of a re
en tran t ileal fistula technique, how m uch 
of the apparent utilization of certain car

bohydrates was due to true digestion and 
how m uch was due to microbial break
down in the intestines.

EXPERIMENTAL

Animals. Four male dairy calves, rang
ing in size at birth from 38 to 46 kg, were 
used. The anim als rem ained with their 
dams for 3 days after birth, then were 
housed in  individual m etal and m asonry 
pens. Wood shavings were used to bed calf 
5180 at all times, and calf 6062 for the 
first 6 weeks. W ith these exceptions, the 
calves were m aintained on heavy metal 
screens.

W hen the calves were 3 weeks old, a re
en tran t ileal fistula was established by the 
method described by Markowitz (1 1 ) for 
establishm ent of a Crocker-Markowitz in 
testinal fistula. The rubber cannulae were 
the type described by Dougherty (1 2 ); 
their sizes are shown in table 1. Exter
nally, the fistulae were located slightly ven
tral to the right paralum bar fossa and, 
internally, were orad to the ileo-cecal junc
tion the following distances: (in  cm ) 15

R ece ived  fo r  p u b lic a tio n  S ep tem b e r 19, 1964.
1 J o u rn a l  P a p e r  no . J  4937 o f th e  Io w a  A g ric u ltu ra l  

a n d  H om e E co n o m ics  E x p e r im e n t S ta tio n , A m es, Iow a. 
P ro jec t n o . 1324.

2 P re s e n t a d d re ss : D e p a r tm e n t o f D a iry  S c ience, 
K a n sa s  S ta te  U n iv e rs ity , M a n h a tta n .

J. N u tritio n , 85: ’65 429
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TABLE 1

Size of cannulae

Base Barrel External washer
no. Thickness Length Width I. D. O. D. Thickness O. D.

cm cm cm cm cm cm cm
5180
6062]

0.8 8 2.9 i 1.6 1.6 5.7

7 0 4 6 [ 
7051J

0.8 8 3.3 1.3 2.1 1.6 5.7

in  calf no. 5180; 4 in  no. 6062; 12.5 in 
no. 7046; 15 in no. 7051. The exposed 
ends of the cannulae were connected in 
calf no. 5180 by a U-shaped Plexiglas 
tube. In the other 3 anim als the connec
tion was m ade by inserting a right angle 
Plexiglas elbow into each cannula and 
form ing a union with plastic tubing.

Treatments. The claves did not con
sume dry feed at any time. Whole milk 
was fed by nipple pail in two equal feed
ings at 12-hour intervals at the rate of 
10% of body weight,/day. The milk was 
supplem ented with a prem ix which pro
vided each calf approximately 50 mg chlor- 
tetracyline, 960 IU vitam in D2, and 10,000 
IU vitam in A /day. Each calf was also 
fed 4 g /day  of a trace m ineral mix 3 con
taining m anganese sulfate, iron sulfate, 
iron oxide, copper sulfate, potassium  io
dide, cobalt carbonate and zinc oxide, 
and which was added to the milk. The 
utilization of sucrose, lactose and starch 
was evaluated in separate trials. The num 
ber of trials with each carbohydrate and 
the ages of the calves at the time the trials 
were conducted are shown in table 2.

During the sucrose trials, milk was fed 
at the usual rate. Sucrose4 and polyethyl
ene glycol, average molecular weight 4000, 
were added to the m ilk at the rate of 10 g 
and 1 g, respectively, for each 454 g of 
milk. Starch trials were conducted in  the 
same m anner except that starch 5 was sub
stituted for sucrose. During the lactose 
trials, no carbohydrate was added to the 
milk; polyethylene glycol was added at a 
rate calculated to give a ratio of lactose to 
polyethylene glycol of 20 to 1. The actual 
ratio fed was determ ined by chemical 
analysis.

Most of the trials consisted of a 3-day 
adjustm ent period and a 4-day collection 
period. Longer periods were not deemed

TABLE 2

Age of calves a t beginning of trials

Trial
Animal no.

5180 6062 7046 7051
days days days days

Sucrose 1 29 35 31 31
Sucrose 2 85 85 80 80
Sucrose 3 — 128 — 127
Lactose — 49 50 50
Starch — 56 65 65

advisable due to the stresses imposed b y 
sucrose feeding and by frequent m an ip u la 
tion of the cannulae.

Collection and analysis of rsamples■ 
Ileal and fecal samples were taken at zero, 
3, 6, 9, and 12 hours after the m orning 
feeding. Ileal samples were obtaine,d by 
disconnecting the exterior connecting t, be 
and removing digesta in  the tube or a por
tion of that which passed through within 
20 m inutes. An equal volume of warm  
Ringer’s solution was placed in  the tube 
to replace the sample removed. Fecal sam 
ples were obtained by m echanical stim u
lation. The pH of all samples was deter
m ined immediately; the samples were then 
frozen for subsequent analyses.

In one sucrose trial with each of 3 
calves, the ileal sample was collected, 
when possible, in  2 ways. Digesta in  or 
near the exterior tube at sampling time 
were collected and designated as fraction
1. Another sample, designated as fraction
2, was collected from digesta passing from 
the proxim al cannula from 1 to 20 m in
utes after sampling time. Trials conducted 
in this m anner were no. 6062 — sucrose 
3; no. 7046 — sucrose 2; and no. 7051 —

3 Analysis of the trace mineral mix was: (in per 
cent) manganese, 12.5; iron, 15; copper, 2; cobalt, 
1.5; zinc, 4.0; and iodine, 0.2.

4 Table grade, obtained from local food store.
5 Amioca (amylopectin), National Starch Products, 

Inc., Plainfield, New Jersey.
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sucrose 2. (Trials are designated by calf 
num ber, carbohydrate fed, and sequence, 
respectively.)

During the last 2 days of trial 7051 — 
sucrose 3, all of the digesta passing from 
the ileum  were collected between the m orn
ing and the evening feedings. The digesta 
were collected in a ballon placed over the 
proxim al cannula. At frequent intervals 
the contents of the balloon were trans
ferred to a container in  an ice chest. At 
the end of each hour, an aliquot was 
taken for analysis and an equal am ount 
of Ringer’s solution was added to the re
m ainder. The m ixture was warm ed and in 
troduced into the distal cannula during the 
next hour at approximately the rate at 
which it had been collected.

Sucrose and reducing sugar in samples 
from sucrose trials were determ ined by 
the m ethod of Huber et al. (5 ) . Samples 
from lactose trials were analyzed by re
moving proteins by the method of Nelson 
(131 and determ ining total carbohydrate 
by the method of Montgomery (1 4 ). Car
bohydrate in  samples from  starch trials 
was determ ined by the method of M ont
gomery (14 ) after hydrolysis with hydro
chloric acid and precipitation of proteins 
with trichloroacetic acid.

Analysis for polyethylene glycol in feces 
and in  m ilk  was conducted according to 
the m ethod of Hyden (1 5 ). The same 
m ethod was used for ileal samples in  the 
first 2 trials conducted. In the second and 
subsequent trials, Smith’s (16 ) modifica
tion of Hyden’s m ethod (1 5 ) was used. 
Similar results were obtained in  the second 
trial when both methods were used.

Statistical analysis. Statistical signifi
cance was determ ined by a complete least 
squares analysis. Further statistical trea t
m ent was according to Snedecor (1 7 ).

RESULTS

Growth and development of all calves 
were satisfactory and the fistulae rem ained 
functional for 11 to 41 weeks. Stoppage 
of the exterior connection sometimes oc
curred, particularly when calves were 
bedded with wood shavings, some of which 
they consumed. However, the stoppage 
was reduced greatly when the calves were 
m aintained on screens.

Ileal samples. Sucrose and polyethyl
ene glycol content of ileal samples from 
all sucrose trials is shown as the ratio of 
sucrose to polyethylene glycol (fig. 1). 
Since the sucrose-to-polyethylene glycol 
ratio as fed was 10, a straight line at a 
ratio of 10 would indicate complete re 
covery of sucrose. Recovery was usually 
highest at 3 and 6, and lowest at zero and 
12 hours after feeding. Figure 2 shows 
the results of the trial undertaken to de
term ine the flow rate of ileal digesta. Ap
proximately 87% of the digesta that 
passed through the fistula in the 12-hour 
period passed during the 6-hour interim  
from  1.5 to 7.5 hours after feeding. The 
correlation coefficient of the sucrose-to- 
polyethylene glycol ratio and ileal digesta 
flow ( r  =  0.94) was significant (P  <  0.01). 
Because of the different am ounts of digesta 
represented by the samples taken 3 and 6 
hours after feeding as compared with the 
other samples, weighted average digestion 
coefficients (based on the am ount of di
gesta each of the 5 samples represented) 
were calculated. In the trials in  which 2 
types of samples were taken, an average of 
the two was used. Table 3 shows the coef
ficients of digestion orad to the large in 
testine for sucrose and lactose trials.

It was apparent from the starch-to-poly- 
ethylene glycol ratios, which often greatly 
exceeded 10, that the starch used in  this 
study and polyethylene glycol did not 
pass at the same rate; therefore digestion 
coefficients could not be calculated.

The reducing activity of ileal digesta in 
sucrose and lactose trials is shown in fig
ure 3. In lactose trials, this activity could 
result from lactose, glucose, and galactose, 
the last two from hydrolyzed lactose. In 
sucrose trials this activity could result also 
from glucose and fructose derived from 
hydrolysis of sucrose. Although no lactose 
trial was conducted with calf no. 5180, the 
absence of an  appreciable am ount of re 
ducing activity in  the sucrose trials indi
cated a high utilization of lactose orad to 
the large intestine by this anim al as well. 
The trend, particularly with certain trials, 
was for the reducing activity to be directly 
correlated with sucrose digestion. How
ever, with the data from all trials com
bined, the reducing activity of digesta from
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sucrose-fed calves was not significantly 
higher than  that from lactose-fed calves.

There were no significant differences in 
ileal pH values among the different calves 
or due to the various carbohydrates fed. 
The ileal pH values for samples collected

in trial 5180 — sucrose 2 (the  only trial 
in which pH was m easured with this calf) 
were more alkaline than  in  other trials. 
There was a trend, especially with calf 
7046, for the ileal pH of fraction 1 sam 
ples to be lower than  th a t for fraction 2.

4  5 6 7 8 9
HOURS AFTER FEEDING

Fig. 2 Comparison of sucrose-to-polyethylene glycol (PE G ) ratio w ith ileal digesta flow, 
trial 7051-sucrose 3.
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Fig. 3 Reducing activity o f ileal samples.

Fig. 4 The pH of fecal sam ples.
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Fecal samples. Digestion coefficients 
for sucrose and lactose trials are presented 
in  table 4. The variation in sucrose-to-poly- 
ethylene glycol ratios observed in  ileal sam 
ples was not observed in  fecal samples; 
therefore in  the calculation of digestion 
coefficients equal consideration was given 
to all samples. Lactose digestion in  the en
tire digestive tract by the 3 anim als used 
was essentially complete. Evidence has al
ready been presented which indicates high 
utilization of lactose by calf 5180 also. The

digestion of sucrose between the ileum  and 
rectum  is shown in table 5.

The fecal pH values for lactose trials 
(fig. 4 ) were significantly higher (P  <  
0.01) than  those for sucrose trials. A low 
fecal pH was usually associated with a 
high reducing activity level. Calves had 
lower fecal pH (P  <  0.05) when fed starch 
than  when fed sucrose.

Fecal dry m atter content was m uch 
higher in the starch and the lactose trials 
than  in the sucrose trials. No apparent

TABLE 3
Coefficients for digestion  orad to fistulae 1

Trial
Animal no.

Average
5180 6062 7046 7051

Sucrose 1 12.4 43.0 54.3 54.2 41.0

Sucrose 2 13.1 34.7 47.2 71.2 41.6

Sucrose 3 41.7 56.8 49.2

Average 12.8 39.8 50.8 60.7

Lactose 94.6 96.9 88.4

1 Sucrose means not underlined by a common line are significantly different (P <  0.01) from 
each other.

TABLE 4
D igestion coefficients, sucrose and lactose trials 1

Trial
Animal no.

Average
5180 6062 7046 7051

Sucrose 1 55.7 88.5 79.6 98.7 80.6

Sucrose 2 66.7 87.6 99.0 100 88.3

Sucrose 3 88.3 99.8 94.0

Average 61.2 88.1 89.3 99.5

Lactose 99.4 99.8 99.7 99.6

1 Sucrose means not 
each other.

underlined by a common line are significantly different (P <  0.01) from

TABLE 5
A pparent digestion betw een ileum  and rectum

Trial
Animal no.

Average
5180 6062 7046 7051

% % % % %
Sucrose 1 43.3 45.5 25.3 44.5 39.6

Sucrose 2 53.6 52.9 51.8 28.8 46.8

Sucrose 3 46.6 43.0 44.8

Average 48.4 48.3 38.6 38.8
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difference was noted in dry matter content 
among the various ages at which sucrose 
trials were conducted. There were no sig
nificant differences among calves with re
spect to fecal dry matter content.

D IS C U S S IO N

These data confirm other reports of the 
high degree of utilization of lactose by 
young calves, and show that much of this 
utilization occurs orad to the large intes
tine. The reason for this efficient use un
doubtedly is the liberal production of large 
amounts of lactase by the young calf (1, 
18).

Conversely, calves apparently do not se
crete sucrase (1, 18) and evidence has 
been published indicating that the break
down of sucrose in the alimentary tract is 
due to the action of microorganisms in the 
large intestine. In this study, an average 
of 43.5% of the sucrose fed was hydro
lyzed in the large intestine, an organ 
which apparently does not secrete en
zymes. Because of the wide experimental 
variation encountered it was not possible 
to definitely establish that the levels of re
ducing activity in ileal digesta from su
crose-fed calves were significantly higher 
than from lactose-fed calves. However, it 
appears that, in certain trials, reducing ac
tivity may have been present in the lumen 
of the intestine, which resulted from the 
hydrolysis of sucrose (a non-reducing 
sugar). This has been substantiated by 
the observation that reducing activity in
creased rapidly when sucrose was incubated 
in vitro with intestinal microorganisms.6 
Since disaccharides are hydrolyzed by 
mammalian enzymes in the mucosal cells 
of the small intestine (19, 20), reducing 
activity would not be expected to occur in 
the lumen of the intestine if hydrolysis re
sulted only from mammalian enzymes.

It was realized that some of the col
lected digesta might have been returned 
from the large intestine by reverse peristal
sis. Therefore, in some trials, samples 
were collected in 2 ways, one of which 
(fraction 2) was designed to preclude the 
collection of digesta which had been ex
posed to fermentation in the large intes
tine. Evidence that the breakdown of su
crose actually began in the small intestine 
is shown by the sucrose-to-polyethylene

glycol ratios and reducing activity levels of 
fraction 2 samples (figs. 1 and 3). There 
were consistent differences between frac
tions 1 and 2 only with calf 7046. The 
arrangement of cannulae in this animal 
was such that digesta usually moved from 
the distal cannula only when displaced by 
more digesta from the proximal cannula. 
For this reason digesta were present in the 
distal cannula and subject to fermenta
tion in this area for a longer period of time 
than with other calves.

The difference in ileal sucrose-to-polv- 
ethylene glycol ratios at various times after 
feeding appears to be due to the time of 
exposure to digestive secretions (secreted 
by the calf or by microorganisms) in the 
abomasum and small intestine. Since the 
samples taken at zero hours after feeding 
were taken just after initiation of feeding, 
it appears highly unlikely that material 
would travel the entire length of the small 
intestine during the time required to col
lect the sample. Therefore, samples taken 
at zero and 12 hours after feeding repre
sented material fed at least 12 hours ear
lier and samples taken at 9 hours after 
feeding represented material which was in 
the digestive tract at least 9 hours.

Studies with calves have invariably 
shown no increase in blood reducing sugar 
due to the ingestion of sucrose. It appears 
that monosaccharides in the lumen of the 
small intestine (resulting from the hydrol
ysis of sucrose) would be absorbed, result
ing in an increase in blood reducing sugar. 
Dahlqvist and Borgstrom (19) have shown 
that in the human small intestine there 
are areas where certain disaccharides are 
absorbed and subsequqently hydrolyzed. 
Perhaps in the small intestine of the calf 
there also exists an area where monosac
charides are efficiently absorbed, and in 
all probability this area is orad to the loca
tion where sucrose is first hydrolyzed. 
Larsen et al. (6) reported that glucose was 
more readily absorbed from the jejunum 
than from the ileum, the cecum, or the ru
men of the calf. The fact that sucrose is 
hydrolyzed in vivo without a resulting in
crease in blood reducing sugar or an exces
sive accumulation of monosaccharides

6 M o rrill , J . L ., a n d  J . L. N o o rd sy , u n p u b lis h e d  d a ta ,  
1964.
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indicates that the invert sugar is further 
metabolized, possibly to volatile fatty acids.

The pH of ileal digesta and of feces is 
believed to be an indication of the degree 
of fermentation within the material. The 
extent of fermentation would be related to 
the amount of substrate available, and to 
the ease with which the substrate was fer
mented. Thus the lactose-fed calves may 
have had high fecal pH values because es
sentially all the readily available carbohy
drate had been digested. In one sucrose 
trial (7051 — sucrose 2) most of the su
crose, and also the reducing sugar, was 
gone and the fecal pH values were higher 
than in any other sucrose or starch trial.

This is the first known report on the de
gree of utilization of carbohydrates in the 
gastrointestinal tract posterior to the retic- 
ulo-rumen and orad to the large intestine 
in young calves. Henschel et al. (21) in
troduced carbohydrates into the duodenum 
of 4- to 6-month-old steers to measure di
gestion in the small intestine. They re
ported average sucrose digestion of 38% 
in the small intestine, as compared with 
the average of 41% observed in the pres
ent study. The average lactose digestion 
of 86% , reported by the British workers, is 
lower than the 93% average reported here
in. What effect, if any, the abomasum may 
have had on disaccharide digestion in the 
present study is not known.

The efficient utilization of lactose and 
various monosaccharides by young calves 
is well established, but further research is 
needed to determine the extent to which 
other carbohydrates are utilized. Possible 
utilization of carbohydrates via fermenta
tion to volatile fatty acids in the intestinal 
tract and their subsequent absorption have 
received little attention, although volatile 
fatty acids are known to be produced in
(22) and absorbed from (23) the large 
intestine of ruminants. This study em
phasizes the importance of further re
search to determine the rate of flow of 
digesta in the intestines.
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