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of supplem ents at the author’s expense.
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cluding tha t on title page, tables, legends, 
footnotes and references. A m argin of 
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each side of the sheets.

A n abstract of 200 words or less, typed 
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will appear ahead of the introductory sec­
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end. The abstract should present the scope 
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The m etric system is used for all units, 
and tem perature is expressed in  the centi­
grade scale. The words “et al.,” “per se” 
and “ad libitum ” are not underscored. The 
repeated use of a un it in  a sentence may 
be avoided by stating the common unit 
used, as “the diet consisted of the fol­
lowing: (in  gram s) sucrose, 50; casein, 
130; . . .” Or, in  other instances, as “8, 
12 and 14% The expression “fed  a diet” 
is preferred to “on a diet.” Certain other 
preferred usage is described in  the Style 
Manual for Biological Journals.1 The use 
of laboratory jargon is to be avoided, as 
well as such comments as “it can be seen 
that,” “ it is interesting that,” and “it can 
be noted that.” The word “quite” is often 
misused. Use of the active voice in  all 
w riting is preferred to the passive voice.

Registered trade names. Registered 
trade nam es are not used in  text, tables or 
figures, except when necessary to identify 
certain  equipment. A trivial or descrip­
tive nam e should be used in  text and 
tables, with a footnote giving the regis­
tered trade nam e, m anufacturer and ad­
dress (city and state).

Footnotes. In  the text, footnotes should 
be num bered consecutively, including any 
indicated on the title page. For tables, 
footnotes should be typed double-spaced 
directly beneath the table, and num bered 
1, 2, 3, etc. Superscripts in  the table 
should appear consecutively, starting at 
the top of the table and reading from left 
to right across each line. Footnotes to 
tables are independent of the otner foot­
note num bers in  the text. Symbols are not 
used as superscripts and subscripts.

Acknowledgments. Financial support 
should be listed as a footnote to the title. 
Credit for m aterials should be listed as a 
footnote in  the text. Technical assistance 
and advice m ay be cited in  a section headed 
Acknowledgments, which will appear at 
the end of the text.

Literature Cited. Accuracy and ade­
quacy of the references are the responsi­
bility of the author. L iterature cited should 
be checked carefully with the original pub­
lication. References to abstracts of verbal 
reports and to other unedited m aterial (as 
the abstracts in  Federation Proceedings, 
theses, and industrial technical bulletins) 
should be treated as text footnotes. Refer­

ence to a paper in  press m ay be included 
in  Literature Cited. If such a paper would 
be useful in  the evaluation of the m anu­
script under consideration, it is advisable 
to make a copy of it available to the Editor. 
W hen a m anuscript is one of a series of 
papers, the preceding paper should be in ­
cluded in  L iterature Cited. Personal com­
m unications and unpublished experim ents 
should be treated as footnotes to the text.

Numbers. Use Arabic num erals through­
out, including those in  tables and figures. 
If possible, avoid beginning a sentence 
with a num eral; when necessary, num bers 
so used should be spelled out as well as 
any units immediately following.

Abbreviations and symbols. Letters in 
abbreviations such as DPN or IU are not 
spaced and periods are omitted except 
when the abbreviation m ight be read as 
another word. Following is a list of the 
more common abbreviations and symbols 
used in the Journal:

a v e r a g e  
c e n t i m e t e r ( s )  
c o u n t s  p e r  m i n u t e  
c u b ic  c e n t i m e t e r ( s )  
c u b ic  m i l l i m e t e r  
d e g r e e ( s )  
d e g re e s  o f  f r e e d o m  
g r a m ( s )
i n t e r n a t i o n a l  u n i t ( s )

kilogram(s)
l i t e r ( s )
m e t e r ( s )
m ic r o g r a m  (  s )
m ic r o m ic r o g r a m  ( s )
m i c r o c u r i e ( s )
m i c r o n ( s )
m i c r o m i c r o n ( s )
m ic r o m o la r

( u n i t  o f  c o n c n )  
m ic r o m o le

( u n i t  o f  m a s s )  
m i l l i g r a m ( s )  
m i l l i g r a m s  %  
m i l l i l i t e r ( s )  
m i l l i m e t e r ( s )  
m i l l i m ic r o g r a m  ( s ) 
m i l l i m ic r o n  ( s ) 
m i l l i m o l e ( s )  
m o la r  ( m o le  p e r  l i t e r )  
p a r t s  p e r  m i l l i o n  
p e r  c e n t  
p r o b a b i l i ty  ( i n  

s t a t i s t i c s )  
s q u a r e  c e n t im e t e r

a v g  ( i n  ta b le s ')  
c m
count/min
c m 3
mm3O
d f  ( i n  t a b l e s )  
g
IU  ( t o  b e  u s e d  o n ly  

w h e n  w e i g h t  c a n  
n o t  b e  g i v e n )  

k g
(spell o u t )  
m
jig  ( n o t  7 )

flC

W
/¿M

/¿mole

m g
( n e v e r  u s e  )
ml
m m
m /x g
m/x
m m o le
M

P P m
%
P

c m 2

1 Style  M a n u a l fo r  B io lo g ica l J o u rn a ls  1960 A m er­
ic a n  In s t i tu te  o f B io lo g ica l S c iences , 2000 P  s tre e t ,
N . W ., W a s h in g to n  6 . D. C.
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square meter m 2
square millimeter m m 2
standard deviation SD
standard error SE
t (Fisher’s test) t
weight (in tables) wt

Other commonly accepted abbreviations 
m ay be found in  the Style M anual for 
Biological Journals , 2 The isotope designa­
tion of a labeled compound should ordi­
narily appear after the nam e of the com­
pound to which it applies. W hen following 
a symbol for a compound, it should be 
written as superscript (as, C14); when the 
nam e of the compound is spelled out, the 
isotope designation should be w ritten on 
the same line (as, carbon-14).

Tables and figures. Follow form  in cur­
ren t issues for the use of upper and lower 
case letters and italics. Authors are urged 
to economize on space used for tables and 
figures. These should fit one column width 
(2 %  inches) or when necessary, two col­
um n widths ( 5 V2  inches). A charge will 
be m ade by the publisher for that space 
used for tables and figures which exceeds 
one-half of the space used for the m anu­
script exclusive of tables and figures. A 
table or figure should be constructed so as 
to be intelligible without reference to the 
text. Lengthy tabulation of essentially 
sim ilar data can often be avoided by giving 
the num ber of experim ental results and 
their m ean values, with standard  devia­
tions or ranges w ithin which the values 
fall. Statem ents tha t significant differ­
ences exist between the m ean values of 
two groups of data should be accompanied 
by indications of probability derived from 
the test of significance applied. Units of 
m easure should be indicated clearly two 
spaces above the first value in  a column.

Original drawings, with two reproduc­
tions, to be sent to reviewers, or in  the 
case of photographs, the original and two 
glossy prints, should accompany the m anu­
script. They should be m arked on the back 
in  ink with the author’s nam e, complete 
address, and with the figure num bers. 
Such drawings and photographs m ust not 
exceed 8 V2  X 11 inches in  size and m ust be 
at least 514 inches wide in  order to fit the 
2 %  -inch single column width when re­
duced by one-half. W hen a complicated 
figure requires more space for clarity, a

proportionately larger illustration will be 
acceptable. But two copies of prints should 
be subm itted on sheets of the same size as 
the text. Or if prints are smaller, they 
should be affixed to sheets of m anuscript 
size. Oversize or undersize figures are dif­
ficult to handle in  editing. Legends ( in ­
cluding any keys to symbols or charts) 
should appear on a separate sheet. Draw­
ings should be on white or blue-white 
paper or bristol board — not cream-white. 
They should be prepared for reproduction 
as line or halftone engravings. Letters and 
num bers should be uniform  and large 
enough so that no character will be less 
than  2 m m  high after reduction. A line 
0.4 m m  wide reproduces satisfactorily 
when reduced by one-half.

Figures should be lettered (preferably by 
stencil) in black India ink. For any charts 
m ade on cross section paper, use India ink 
on paper printed in  light blue only. Charts 
draw n in India ink should be so executed 
throughout, with no typewritten m aterial 
included. Graphs and charts should be 
given consecutive figure num bers as they 
will appear in  the text.

Page charge. For m anuscripts received 
on and after December 1, 1962, a charge 
of $20.00 per printed page in  the Journal 
of Nutrition will be m ade by the American 
Institute of N utrition to authors or insti­
tutions whose research funds perm it 
charges for publication. Authors will be 
notified of the cost after they receive the 
page proofs, and will have the opportunity 
at that time to signify w hether the research 
reported was supported by the type of 
funds that perm it such charge for publica­
tion. Ability to pay this charge will in  no 
way prejudice the acceptance of a m anu­
script. Billing will be handled directly by 
AIN; the Editor’s Office will not see these 
charges, nor be advised concerning the 
author’s paym ent or nonpaym ent of the 
page charge. A separate standard  charge 
is m ade by the publisher for reprints, ex­
cess tabular m aterial and photoengraving, 
and for changes in  proof th a t are con­
sidered excessive or unnecessary.

Action to institute a page charge for 
publication in  the Journal of N utrition was 
taken at the April 1962 m eeting of the AIN. 
Proceedings of this m eeting are printed in

2 See fo o tn o te  1.
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the Journal of Nutrition, 78: 120-132, 
1962.

Reprints. Reprint order forms and rates 
will be sent w ith page proofs. Anyone 
other th an  an author desiring reprints 
m ust have orders approved by the author, 
and give w ritten assurance tha t (1 )  dis­
tribution will be restricted to those in ter­
ested in  the science of nutrition, and
(2 )  no advertising or im printing will be 
attached to the reprints thus furnished.

American Documentation Institute. To 
conserve space in  the Journal, lengthy de­
scriptions of experim ental procedures, de­
tailed data such as th a t on individual ani­
mals or subjects, extra figures and other 
m aterial considered im portant supplem en­
tary inform ation, m ay be deposited with 
the American Documentation Institute, 
Library of Congress, through the Editor’s 
Office with a footnote reference.

This Guide for Contributors has been reprinted and 
is available upon request to the E ditor or The Wistar 
Institu te  Press, 3631 Spruce Street, Philadelphia, Pa. 19104. 
I t  is recommended that you obtain copies for the use of 
secretaries, associates and students.



Effect of Penicillin Added to an Unheated Soybean 
Diet on Cystine Excretion in Feces of the R at* 1

RICHARD H. BARNES, EVA KWONG a n d  GRACE FIALA
G r a d u a te  S c h o o l  o f  N u t r i t i o n ,  C o r n e l l  U n iv e r s i t y ,
I t h a c a ,  N e w  Y o r k

A B S T R A C T  Fecal pellets were collected by removing them directly from the large 
intestine of anesthetized rats. The feces were lyophilized and analyzed for nitrogen, 
cystine, and trypsin activity. On the basis that trypsin contains 8.7% cystine (a  value 
obtained by analyzing a commercial crystalline trypsin sample), the contribution of 
cystine in trypsin to the total fecal cystine was calculated. The rats were fed a diet 
containing unheated soybeans either with or without penicillin and the effect of pre­
venting coprophagy was also measured. Penicillin in the diet increased the excretion 
of cystine in feces and this increase could be entirely accounted for by an increased 
excretion of trypsin. Under such conditions the rat must eat its feces in order to 
return the increased fecal cystine to the body so as to help provide for the large 
requirement for cystine in the synthesis of pancreatic protein secretions.

The well-known increase in  the dietary 
requirem ent for m ethionine that results 
from feeding unheated soybeans, as com­
pared with properly heat-treated soybeans, 
has been found to be entirely accounted 
for by the anim al’s increased need for 
cystine (1 ) . The rem arkable effect of an ti­
biotics in  increasing the growth of rats fed 
unheated soybeans has never been ade­
quately explained, although Carroll et al.
(2 )  have probably provided the most use­
ful experim ental data in  the development 
of an  hypothesis for this unusual anti­
biotic effect. They reported that the cys­
tine content of feces was markedly in ­
creased when chlortetracycline was added 
to a diet containing raw  soybean meal, but 
that the antibiotic did not alter cystine 
excretion when a heat-treated soybean 
m eal was fed. These authors suggested 
the possibility tha t the antibiotic preserved 
cystine from  bacterial degradation and as 
a consequence more cystine was available 
for absorption from  the gut. The increased 
fecal cystine, therefore, m ay not have been 
a reflection of poor absorption, but ra ther 
an  indication of preservation from bacte­
rial destruction. The im plications relating 
cystine, antibiotics and unheated soybean 
have been investigated further in the pres­
ent study.

METHODS
Whole soybeans (Clarke variety, seed 

grade), untreated  in  any m anner, were

ground to a fine flour and this flour was 
incorporated in a basal purified diet m ix­
ture as described in  table 1. The level of 
soybean flour added to the diet was ad­
justed so that the final diet m ixture con­
tained 10% protein (N  X 6.25). In cer­
tain  studies penicillin was added as 
crystalline procaine penicillin at a level of 
0.05% in the diet.

Cystine was determ ined by oxidation to 
cysteic acid with performic acid, followed 
by hydrolysis with 6 n  HC1 at 120° for 
18 hours. The hydrolysate was separated 
by paper electrophoresis and the cysteic 
acid determ ined by densitometry after 
staining with ninhydrin (3 ) . Trypsin was 
m easured by a modification of Anson’s 
m ethod (4 ) . A hemoglobin substrate at 
pH 7.6 was used to m easure the tyrosine 
released per 10 m inutes’ incubation at 37°.

Coprophagy was prevented by the use of 
plastic tail cups as described by Barnes 
et al. (5 ) . Feces that were collected for 
the special analyses were taken directly 
from the large intestine in  ether-anesthe­
tized rats. The ra ts were used for only a 
single collection and were then killed. The 
fecal pellets were im mediately frozen and 
lyophilized. Analytical results are, there­
fore, expressed on the basis of concentra-

R ece ived  fo r  p u b lic a tio n  A u g u s t 25 , 1964.
1 T h is  re s e a rc h  w as su p p o rte d  in  p a r t  by  fu n d s  p ro ­

v id ed  th ro u g h  th e  S ta te  U n iv e rs ity  o f  N ew  Y ork , a  
P u b lic  H e a lth  S erv ice  R ese a rch  G ra n t  n o . A-3620 
f ro m  th e  N a tio n a l  In s t i tu te s  o f H e a lth , a n d  a  re s e a rc h  
g ra n t  f ro m  th e  N a tio n a l  S c ience  F o u n d a tio n .

J .  N u t r i t i o n ,  65 ; ’65 123



RICHA RD H . B A R N ES, EVA K W O N G  AND GRACE FIA LA1 2 4

tion in the dried sample. To determine 
non-protein nitrogen, feces were suspended 
in  10% trichloroacetic acid (TCA). After 
centrifuging, the precipitate was washed 
3 times with TCA and the supernatant

TA B LE 1
D ie t  c o m p o s i t i o n  

M a jo r  c o m p o n e n ts

S o y b e a n  p r o t e in  s o u rc e
9

7 8 .0
G lu c o s e  m o n o h y d r a t e  1 7 8 .0
H y d r o g e n a te d  v e g e ta b le  o i l 2 1 5 .0
S a l t s  3 4 .0
C h o lin e  d ih y d r o g e n  c i t r a t e 0 .3
B - v i ta m in s  i n  s u c r o s e 2 .0
F a t - s o lu b le  v i t a m in s  i n  c o r n  o il 1 .0

T o ta l 1 0 0 .3

B - v i ta m in s  i n  2 .0  g s u c r o s e
m g

T h ia m in e -H C 1 0 .4 0
R ib o f la v in 0 .8 0
P y r id o x in e - H C l 0 .4 0
C a  p a n t o t h e n a t e 4 .0 0
N ia c i n 4 .0 0
In o s i to l 2 0 .0 0
B io t in 0 .0 2
F o lic  a c id 0 .2 0
V i ta m in  B 12 0 .0 0 3
M e n a d io n e 1 .0 0

F a t - s o lu b le  v i t a m i n s  i n  1 .0  g c o r n  o il
m g

V i ta m in  A  a c e ta te 0 .3 1
V i t a m in  D  ( c a l c i f e r o l ) 0 .0 0 4 5
a -T o c o p h e ro l 5 .0 0

1 C erelose  (C o rn  P ro d u c ts  R efin in g  C o m p an y , A rgo, 
I l l in o is )  w as  ad d ed  in  a n  a m o u n t su ffic ien t to  m a k e  
th e  to ta l  o f p ro te in  so u rce  p lu s  C erelose  e q u a l to 
78 % .

2 P r im e x , P ro c te r  a n d  G am b le  C om p an y , C in c in n a ti .
3 H u b b e ll, R. B., L. B. M en d e l a n d  A. J . W ak e m a n  

1937 A n e w  s a lt  m ix tu re  fo r  u se  in  e x p e r im e n ta l 
d ie ts . J . N u tr i t io n , 14: 273.

collections were combined. N itrogen was 
determ ined by the all-glass micro-Kjeldahl 
apparatus after digestion with sulfuric 
acid.

E X P E R IM E N T A L  A N D  R E S U L T S

Male weanling rats (H oltzm an), 6 to a 
group, were fed semipurified diets (table 1) 
containing either unheated solvent-ex­
tracted soyflakes or a properly heat-treated 
commercial soybean m eal.2 Feces were col­
lected from  under wire screen-bottom, 
individual cages and analyzed for trypsin 
activity. The results shown in table 2 
illustrate wide variability and lack of any 
consistent difference in  the trypsin activity 
of feces from  rats ingesting either heat- 
treated or unheated soybean-containing 
diets. Furtherm ore, the addition of 0.6% 
DL-methionine to the diets had no con­
sistent effect upon trypsin activity of the 
feces. All of these results are in  con­
firmation of the studies of Haines and 
Lyman (6 ) .

It appeared logical that trypsin excretion 
in the feces m ight be reflected in  cystine 
balance because it was known tha t the 
cystine content of crystalline trypsin was 
extremely high (8.7%  as determ ined on a 
sample of crystalline trypsin in  these lab­
oratories). Furtherm ore, in  the prelim i­
nary studies just described, the feces were 
perm itted to accum ulate under the cages 
for 24 hours and bacterial destruction of 
fecal trypsin m ight account for some of

2 T h e  w h ite  (u n h e a te d )  flakes a n d  c o m m e rc ia l soy­
b e a n  m e a l w e re  p ro v id e d  by  th e  C e n tra l Soya Com ­
p a n y , C hicago .

TA B LE 2
F e c a l  t r y p s in

D ie t W eek  1 W eek  2 W eek  3 W eek  4

5 0 %  H e a te d  s o y b e a n s  
5 0 %  U n h e a te d  s o y b e a n s

m g /r a t /d a y  

E x p e r i m e n t  1

E x p e r i m e n t  2

m g /r a t i  day

2 .2
1 6 .2

m g /r a t /d a y v ig / r a t /d a y

5 0 %  H e a te d  s o y b e a n s 6 .5 2 .1 2 . 7
5 0 %  U n h e a te d  s o y b e a n s 8 .0 1.5 2 . 0
7 0 %  U n h e a te d  s o y b e a n s 1 2 .0

E x p e r i m e n t  3

2 .2 5 . 2

2 5 %  U n h e a te d  s o y b e a n s 4 .4 6 .8 4 . 6 1 . 5
2 5 %  U n h e a te d  s o y b e a n s +  0 .6 %  D L -m e th io n in e  4 .4 8 .0 7 . 9 5 . 8
5 0 %  U n h e a te d  s o y b e a n s 4 1 .7 2 4 .6 1 2 . 9 1 0 . 0
5 0 %  U n h e a te d  s o y b e a n s +  0 .6 % D L -m e th io n in e  1 6 .7 4 .2 4 . 4 2 . 2
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TA BLE 3

P a r t i t io n  o f  n i t r o g e n  a n d  c y s t i n e  i n  t h e  fe c e s  o f  r a ts  a n d  th e  i n f lu e n c e  
o f  c o p r o p h a g y  a n d  p e n ic i l l i n

U n h e a te d
so y b ean s

U n h e a te d  
so y b ean s  + 
f e c a l  cu p s

U n h e a te d  
so y b ean s  + 
p e n ic il l in

U n h e a te d  
so y b ean s  + 

p e n ic i l l in  + 
fe c a l  c u p s

a T o t a l  n i t r o g e n
m g / 100 m g  d r ied  fe c e s  

5 .6 7  6 .2 1
m g ¡100  m g  d r ied  fe c e s  

6 .1 7  6 .3 0
b N o n - p r o t e in  n i t r o g e n 0 .4 0 0 .4 3 0 .5 5 0 .5 8
c P r o t e i n  n i t r o g e n  ( a  m i n u s  b ) 5 .2 7 5 .7 8 5 .6 2 5 .7 2
d T r y p s in  n i t r o g e n  ( 1 6 %  ) 0 .2 1 0 .2 7 0 .6 6 0 .8 0
e N o n - t r y p s in ,  p r o t e in  N  ( c  m i n u s  d ) 5 .0 6 5 .5 1 4 .9 6 4 .9 2

f T o t a l  c y s t i n e 0 .5 2 0 .6 0 0 .7 4 0 .8 4
g N o n - p r o t e in  c y s t i n e 0 .0 4 0 .0 3 0 .0 8 0 .0 8
h P r o te i n  c y s t i n e  ( f  m i n u s  g ) 0 .4 8 0 .5 7 0 .6 6 0 .7 6
i T r y p s in  c y s t i n e  ( 8 .7 %  ) 0 .1 2 0 .1 5 0 .3 6 0 .4 3
j N o n - t r y p s in ,  p r o t e in  

c y s t i n e  ( h  m i n u s  i ) 0 .3 6 0 .4 2 0 .3 0 0 .3 3

the variability that had been observed. For 
these reasons, the trypsin excretion studies 
were repeated, but in addition, nitrogen 
and cystine analyses of feces were carried 
out. Since Carroll et al. (2 )  had observed 
that an  antibiotic increased the cystine 
excretion in  feces, penicillin was fed to 
one of the groups. Two groups of 12 male 
weanling ra ts each were fed the semipuri- 
fied diet containing whole ground soybeans 
at a level that provided 10% protein in 
the diet. One group received a supplement 
of 50 mg of procaine penicillin per 100 g 
of diet. Each of these 2 groups was fu r­
ther divided into 2 subgroups. One sub­
group from each diet treatm ent had fecal 
collection cups attached so as to prevent 
coprophagy. At the end of 4 weeks the 
rats were killed with ether, the abdomen 
was opened and the fecal pellets collected 
from the large intestine. These feces were 
immediately frozen with dry C 02 and ly- 
ophilized. Total and trichloroacetic acid- 
soluble nitrogen and cystine were deter­
m ined on the dried samples. Trypsin 
activity was m easured and converted into 
nitrogen (assum ing 16% N ) and cystine 
(assum ing 8.7% cystine). The various 
m easurem ents for nitrogen and cystine, 
both calculated and directly determined, 
are shown in table 3.

The inclusion of penicillin in  the diet 
appeared to increase the am ount of non­
protein nitrogen and cystine in  the feces. 
However, the non-protein fractions were 
very small, and hence the net effect of

penicillin on this fraction of the feces was 
of little significance. The most rem arkable 
result of penicillin feeding was on trypsin 
excretion, which increased threefold. Since 
trypsin has an unusually high cystine con­
tent, this enzyme accounted for approxi­
m ately one-half of the total cystine ex­
creted in the feces in  the groups fed 
penicillin.

DISCUSSION
The fact that pancreatic enzyme secre­

tions in the ra t are stimulated by unheated 
soybeans and by soybean trypsin inhibitor 
has been well established by the studies of 
Lyman and Lepkovsky (7 ) . This stim ula­
tion is not necessarily reflected in  an in ­
crease in  fecal enzyme content (6 ) , 
although in  chicks this has been reported 
to be the case (8 ) . Snook and Meyer (9 ) , 
Pelot and Grossman (10 ) and Lepkovsky 
et al. (8 )  have illustrated the rapid de­
struction of pancreatic enzymes in the 
small intestine and, therefore, m easure­
m ent of trypsin activity in  feces m ight be 
expected to be a poor index of the level of 
original secretion from the pancreas. The 
present observation that penicillin in ­
creases the trypsin activity in feces argues 
in  favor of a protection w ithin the small 
intestine, although the penicillin effect 
could possibly be at some more distal sec­
tion of the tract. Of particular interest is 
the interpretation of the current observa­
tions in  the light of the hypothesis of Car- 
roll et al. (2 )  that antibiotics preserve
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cystine from  bacterial destruction in  the 
intestinal tract, and th a t this results in  
an  increase in  fecal cystine following the 
ingestion of chlortetracycline. The experi­
m ents reported here suggest the following 
explanation. Cystine-rich enzyme secre­
tions of the pancreas, particularly trypsin 
and chymotrypsin, are produced in  in ­
creased quantity when unheated soybeans 
are fed. Presumably this is due to the 
presence in  the soybeans of trypsin inhib­
itor. Some of these enzymes are hydrolyzed 
by bacterial protease, thus releasing cys­
tine which can be absorbed and reutilized 
for pancreatic protein synthesis. Some 
part rem ains in tact throughout its trans­
port through the intestinal tract and the 
cystine contained in  this portion of the 
pancreatic secretions is not available for 
absorption and reutilization unless feces 
are ingested through the practice of co- 
prophagy. Penicillin and other antibiotics 
help to keep the protein in tact during its 
intestinal passage so that less of this pan ­
creatic cystine is available for absorption. 
Again, coprophagy m ay make a large part 
of the fecal cystine available for protein 
synthesis.

The addition of an  antibiotic to the diet 
preserves trypsin from  bacterial destruc­
tion. To a smaller, but very significant 
extent, it preserves TCA-soluble cystine 
from  destruction, as shown in table 3. 
Therefore, in  part, the explanation of Car- 
roll and his associates (2 )  for the anti­
biotic effect was correct, but this protec­
tion of free cystine is apparently fa r less 
im portant quantitatively than  the preser­
vation of the in tact enzyme-bound cystine.

In table 3 it will be noted that 100% of 
the total fecal cystine increase resulting 
from  penicillin in  the diet is accounted 
for by the cystine content of trypsin that 
is excreted in  feces.
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Prevention of Coprophagy in the Rat and the Growth- 
stimulating Effects of Methionine, Cystine 
and Penicillin when Added to Diets 
Containing Unheated Soybeans * 1

RICHARD H. BARNES, GRACE FIALA a n d  EVA KWONG 
G r a d u a te  S c h o o l  o f  N u t r i t i o n , C o r n e l l  U n iv e r s i t y ,  I t h a c a ,  N e w  Y o r k

A B S T R A C T  The growth inhibition caused by feeding unheated soybeans to rats 
is partially overcome by supplementing the diet with methionine, cystine or penicillin. 
With conventional rats these supplements were effective when the diet contained either 
a large quantity (50% ) of unheated, solvent-extracted soybean flakes or a small 
quantity (25% ). When coprophagy was prevented completely by the use of fecal col­
lection cups attached to the tail, the beneficial effect of penicillin was abolished at 
either level of unheated soybean in the diet. The beneficial effect of methionine was 
abolished by preventing coprophagy when the higher level of soybean flakes was fed, 
but not with the lower (25% ) level. Prevention of coprophagy did not affect cystine- 
supplementing effects at either level of soybean in the diet. The results are interpreted 
to mean that a biologically active substance is excreted in the feces as a result of feed­
ing an antibiotic and this substance exerts its beneficial effect only after ingestion of 
feces and thus cycling the substance to the upper part of the intestinal tract. It was 
concluded that this substance cannot be cystine, although fecal cystine undoubtedly 
contributes under these conditions. Cystine utilization is not impaired in the coproph­
agy prevented rat, but some alteration in  the metabolism of methionine is believed to 
be caused by the prevention of coprophagy.

In another study from this laboratory
(1 )  it was shown that proteolytic enzymes 
secreted from  the pancreas under the stim ­
ulation of feeding unheated soybeans re­
m ained as in tact proteins during passage 
through the intestinal tract if an  antibiotic 
was present so as to inhibit bacterial de­
struction. The passage of the cystine-rich 
enzyme, trypsin, into the feces and the pos­
sible im portance of coprophagy in  m aking 
this fecal cystine available to the ra t, led 
to the present studies.

EXPERIMENTAL AND RESULTS
Male, w eanling ra ts (H oltzm an) were 

m aintained individually in  wire-bottom 
cages in  a room that was tem perature-con­
trolled at 23°. A semipurified diet, de­
scribed in  detail in  an accompanying paper
(1 ) , was fed for 4 weeks and weekly body 
weight m easurem ents were made. Soy­
beans added to the diet were unheated, as 
solvent-extracted white flakes or whole, 
ground Clarke variety soybeans.2

In the first study, the results of which 
are shown in figure 1, ra ts were fed either 
50 or 25% unheated soybean flakes and

one-half of each of these groups was given 
penicillin at a level of 20 m g/100  g diet. 
The ra ts were further subdivided so that in  
one-half of each of the above groups co­
prophagy was prevented by the use of fecal 
collection cups (2 ) . By this m eans of sub­
dividing there were 8 groups, as illustrated 
in  figure 1, each group consisting of 6 rats. 
As expected from previous studies, penicil­
lin increased the growth rate of conven­
tional ra ts receiving either 50 or 25% 
unheated soybean flakes in  the diet. Unex­
pected, however, was the observation that 
prevention of coprophagy abolished the 
growth-stimulating effect of the antibiotic.

Next, the same type of subdivision into 
8 groups of 6 ra ts  each was carried out, 
but in  this study 0.6% DL-methionine was 
added to the diet instead of penicillin.

R ece iv ed  fo r  p u b lic a tio n  A u g u s t 25, 1964.
1 T h is  re s e a rc h  w as  su p p o rte d  in  p a r t  by  fu n d s  p ro ­

v id ed  th ro u g h  th e  S ta te  U n iv e rs ity  o f N ew  Y ork , 
P u b lic  H e a lth  S erv ice  R ese a rch  G ra n t  no . A-3620 
f ro m  th e  N a tio n a l  In s t i tu te s  o f H e a lth , a n d  a  r e ­
s e a rc h  g ra n t  f ro m  th e  N a tio n a l  S c ien ce  F o u n d a tio n .

2 T h e  w h ite  ( u n h e a te d )  flak es  w ere  p ro v id e d  b y  th e  
C e n tra l  Soya C o m p an y , C hicago . T h e  w h o le  g ro u n d  
so y b ean s  w e re  p ro v id e d  by  D r. K e ith  S te in k ra u s , N ew  
Y ork  S ta te  A g r ic u ltu ra l  E x p e r im e n t S ta tio n , G eneva , 
N ew  Y ork.
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F ig .  1 E f f e c t  o f  c o p r o p h a g y  p r e v e n t io n  ( C .P . )  
o n  th e  g r o w th  r e s p o n s e  o f  r a t s  f e d  u n h e a t e d  s o y ­
b e a n  f la k e s  to  t h e  i n c lu s io n  o f  p e n ic i l l i n  i n  th e  
d ie t .  O p e n  b a r s  r e p r e s e n t  r a t s  r e c e iv in g  u n s u p ­
p le m e n te d ,  u n h e a t e d  s o y b e a n  f la k e s  a t  e i t h e r  50  
o r  2 5 %  o f  t h e  d ie t .  C r o s s - h a tc h e d  b a r s  r e p r e s e n t  
r a t s  r e c e iv in g  p e n ic i l l i n - s u p p le m e n te d  d ie ts .  
N u m b e r s  o n  t h e  o r d in a t e  a r e  i n  g r a m s .

The results are shown in figure 2. As ex­
pected from previous studies, methionine 
supplem entation increased the growth rate 
of conventional rats receiving either 50 or 
25% unheated soybean flakes. In the co- 
prophagy-prevented ra ts receiving 25% 
unheated soybean flakes, m ethionine gave 
the expected stim ulation of growth rate, 
but no such effect was observed with rats 
receiving a diet with 50% unheated soy­
bean flakes. This observation was so u n ­
usual that it was repeated, but with step- 
by-step additions of 3 levels of methionine 
to the diet, each level being fed to a group 
of 6 ra ts over a 4-week period. The results 
in  figure 3 show that with 25% unheated 
soybean flakes in  the diet, the growth rate 
of both conventional and coprophagy-pre- 
vented ra ts increased and reached a m axi­
m al rate when 0.15% DL-methionine was 
added to the diet. W ith 50% unheated 
soybean flakes, growth ra te increased and 
a m axim al ra te  was reached when 0.3% 
DL-methionine was included in  the diet 
with conventional rats, but when coproph­
agy was prevented, no significant increase

in growth rate was observed at any level of 
supplem ental methionine.

In  an earlier study (3) it had been estab­
lished tha t the supplem ental effect of m e­
thionine in  diets containing 50% soybean 
(25%  protein) was due to the need for 
and consequent conversion to cystine. The 
norm al requirem ent for m ethionine is sat­
isfied at this dietary level of soybean pro­
tein and yet there is still a stim ulation of 
growth rate when cystine is added to the 
diet. A possible explanation for the lack of 
m ethionine supplem entation at the higher 
level of unheated soybean would be that 
prevention of coprophagy in  some m anner 
either blocks the conversion of m ethionine 
to cystine or prevents the utilization of 
cystine for growth promotion. The effec­
tiveness of cystine supplem entation was 
tested in  the same model experim ent that 
was used to establish figures 1 and 2. In 
this study, however, whole, ground soy­
beans were used and this accounts for the 
lower general growth rates (fig. 4 ) than 
were obtained in  the previous studies. 
Diets were supplemented with 0.3% of l - 
cystine. It is apparent from figure 4 that a

F ig . 2  T h e  e f f e c t  o f  c o p r o p h a g y  p r e v e n t io n  
( C . P . )  o n  th e  g r o w th  r e s p o n s e  o f  r a t s  f e d  u n ­
h e a t e d  s o y b e a n  f la k e s  to  th e  i n c lu s io n  o f  m e t h i o ­
n i n e  ( 0 .6 %  D r - m e th i o n in e ) i n  t h e  d ie t .  T h e  o p e n  
b a r s  r e p r e s e n t  r a t s  r e c e i v in g  u n s u p p le m e n te d ,  
u n h e a t e d  s o y b e a n  f la k e s  a t  e i t h e r  5 0  o r  2 5 %  o f  
t h e  d ie t .  S h a d e d  b a r s  r e p r e s e n t  r a t s  r e c e i v in g  
m e t h io n in e - s u p p le m e n t e d  d ie ts .  N u m b e r s  o n  th e  
o r d in a t e  a r e  i n  g r a m s .
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F ig .  3  C o p r o p h a g y - p r e v e n te d  ( b r o k e n  l i n e s )  
a n d  c o n v e n t io n a l  r a t s  ( s o l id  l i n e s )  f e d  u n h e a t e d  
s o y b e a n  f la k e s  a t  e i t h e r  5 0  o r  2 5 %  o f  th e  d ie t .  
G ro w th  r e s p o n s e  i n  g r a m s  a t  v a r y in g  i n c r e m e n t s  
o f  s u p p le m e n ta l  D L -m e th io n in e  i n  t h e  d ie t .

norm al stim ulation of growth with cystine 
is obtained at both low and high levels of 
soybeans in  the diet in both conventional 
and coprophagy-prevented rats. Cystine 
does not give the same pattern  of results 
tha t was obtained with m ethionine sup­
plem entation. This m eans that the inhibi­
tion of stim ulation of growth by m ethio­
nine in  the coprophagy-prevented ra t 
ingesting a high soybean protein diet is 
not due to a block in  cystine utilization. 
The possibility rem ains open that there is 
an  interference in  the conversion of m ethi­
onine to cystine when coprophagy is pre­
vented.

To extend the interpretation of the peni­
cillin effect in  stim ulating growth to m e­
thionine and cystine requirem ents of the 
ra t, m ultiple supplem entations were con­
ducted as described in table 1. The basal 
diet contained whole, ground soybeans, 
Clarke variety, in  an am ount sufficient to 
give a protein concentration (N  X 6.25) of 
10% . L-Cystine and DL-methionine were 
added at levels of 0.3% and procaine peni­
cillin at a level of 50 m g /100 g diet. Cer­
tain  parts of this experim ent were con­
ducted more than  once. Each time a 
replicate study was carried out 6 rats per 
group were used; therefore the num ber of 
replications can be determ ined by dividing

by six the total num ber of rats indicated in 
the table. Food intake was m easured and 
protein efficiency ratios calculated, but 
since these results were parallel to the 
growth rates, only the latter are presented 
in  the table. In one study coprophagy was 
prevented and, for comparative purposes, 
results with these anim als are included in 
the table.

In attem pting an  interpretation of the 
penicillin effect on growth, the most strik­
ing observation presented here is that cys­
tine plus penicillin gives a greater growth 
stim ulation than  cystine or penicillin 
alone, and m ethionine plus penicillin is 
better than  m ethionine or penicillin alone. 
In the coprophagy prevention experim ent, 
the penicillin stim ulation of growth was 
abolished whether the penicillin was given 
alone or in  combination with m ethionine. 
The m ethionine stim ulation of growth was 
obtained despite the prevention of coproph­
agy, but since the diet contained a low 
level of unheated soybeans, this was to be 
expected.

DISCUSSION
Interference with penicillin-induced 

growth stim ulation by prevention of co­
prophagy is presumed to m ean tha t penicil­
lin either initiates the excretion or increases

F ig . 4  T h e  e f f e c t  o f  c o p r o p h a g y  p r e v e n t io n  
( C .P . )  o n  t h e  g r o w th  r e s p o n s e  o f  r a t s  f e d  u n ­
h e a t e d  s o y b e a n s  to  t h e  i n c lu s io n  o f  c y s t i n e  ( 0 .3 %  
L - c y s t in e ) i n  t h e  d ie t .  T h e  o p e n  b a r s  r e p r e s e n t  
r a t s  r e c e iv in g  u n s u p p le m e n te d ,  u n h e a t e d  s o y b e a n  
a t  e i t h e r  5 0  o r  2 5 %  o f  t h e  d ie t .  S h a d e d  b a r s  
r e p r e s e n t  r a t s  r e c e i v in g  c y s t i n e - s u p p le m e n te d  
d ie ts .  N u m b e r s  o n  t h e  o r d in a t e  a r e  i n  g ra m s .
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TA BLE 1
E f f e c t s  o f  c y s t i n e ,  m e t h i o n i n e  a n d  p e n ic i l l i n ,  a lo n e  a n d  i n  c o m b in a t io n ,  o n  th e  g r o w th  o f  

r a ts  f e d  a  d ie t  c o n ta in in g  1 0 %  p r o te i n  d e r iv e d  f r o m  g r o u n d  w h o le  s o y b e a n s

No.
ra ts

4-W eek  
g ro w th  ra te

g i r a t i  A w eeks
C o n v e n t io n a l

U n h e a te d  s o y b e a n 24 3 0
U n h e a te d  s o y b e a n - f  c y s t i n e 12 4 3
U n h e a te d  s o y b e a n  +  m e th io n in e 24 56
U n h e a te d  s o y b e a n - f  p e n ic i l l i n 2 4 4 5
U n h e a te d  s o y b e a n  +  p e n ic i l l i n  +  c y s t i n e 12 53
U n h e a te d  s o y b e a n  +  p e n ic i l l i n  +  m e th io n in e 2 4 66

C o p r o p h a g y  p r e v e n te d
U n h e a te d  s o y b e a n 6 2 2
U n h e a te d  s o y b e a n  +  m e th io n in e 6 4 7
U n h e a te d  s o y b e a n  +  p e n ic i l l i n 6 24
U n h e a te d  s o y b e a n  -(- p e n i c i l l i n  +  m e t h io n in e 6 4 6

the quantity of excretion of some sub­
stance which stimulates growth rate when 
the feces are ingested. It has been tem pt­
ing to assume that the fecal growth stim u­
lator was cystine. There is an increased 
requirem ent for cystine when unheated 
soybeans are fed and penicillin increases 
cystine excretion in  the feces (1 ) . The ex­
perim ent described in table 1, makes it un ­
likely that this is the entire answer to the 
penicillin effect. Although both cystine 
and pencillin enhanced growth rate, a 
combination of the two gave a larger re­
sponse than  either supplem ent alone. This 
would not be expected if cystine in  the 
feces was responsible for the penicillin ef­
fect. In an accompanying paper (1 )  it 
was observed that all of the increase in  
total fecal cystine that results from  feed­
ing an antibiotic can be accounted for on 
the basis of the cystine in  the increased 
trypsin excretion in  feces. The increased 
requirem ent for cystine that is associated 
with the ingestion of unheated soybeans is 
apparently closely tied to the increased pro­
tein formation and secretion, particularly 
trypsin, by the pancreas. It seems logical 
to conclude tha t when unheated soybeans 
are fed there is an increased require­
m ent for cystine due to the increased syn­
thesis and fecal excretion of pancreatic en­
zymes. W hen penicillin is added to the diet, 
an  increased am ount of in tact pancreatic 
trypsin passes completely through the in ­
testinal tract and is ultim ately excreted in 
the feces, thus removing even more cys­
tine from  possibility of utilization by the

anim al (1 ) . W hen coprophagy is pre­
vented and penicillin is included in  the 
diet, a biologically active compound, p re­
sumably containing cystine, is prevented 
from recycling through the intestinal tract. 
This substance m ight well be a protein 
such as trypsin that is secreted into the in ­
testine. In any event, the excretion of 
amino acids, either free or protein-bound, 
cannot be the entire explanation for the 
poor nutritive value of unheated soybeans 
as postulated by Booth et al. (4 )  and 
Haines and Lyman (5 ) . Amino acid sup­
plem entations alone do not re tu rn  full n u ­
tritional quality to unheated soybeans (6 ) . 
Antibiotics given in  addition to amino 
acids increase nutritional quality beyond 
tha t obtainable with amino acids alone. 
The antibiotic effect is blocked when co­
prophagy is prevented. A biologically ac­
tive substance such as a pancreatic enzyme 
m ay be the substance that is protected by 
the antibiotic and which is the beneficial 
component of feces when they are in ­
gested.

The m echanism  of the block in  m ethio­
nine stim ulation of growth of rats receiv­
ing a relatively high protein diet derived 
from unheated soybeans, when coprophagy 
is prevented, rem ains unexplained. Since 
m ethionine stim ulation of growth under 
these dietary conditions has been thought 
to be due to cystine formed from the m e­
thionine and not from the m ethionine per 
se, it is logical to believe that this conver­
sion is in  some way involved. Cystine u tili­
zation in the coprophagy-prevented ra t is
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not impaired. Therefore, if this is the m et­
abolic area th a t is involved, it may be that 
coprophagy is necessary for the proper con­
version of m ethionine to cystine under 
conditions of ingesting a large quantity of 
the inhibitory substance, possibly trypsin 
inhibitor, contained in  unheated soybeans.
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A B S T R A C T  Manganese balance was studied in eight college men consuming a 
vegetarian diet low in protein. The diet was supplemented with either a vegetable 
protein food or the vegetable protein food plus skim milk powder. The values for 
total mean daily manganese intake, excretion and retention were 7.07, 3.74 and 3.34 
mg, respectively. The mean daily intake, excretion and retention for each subject by 
periods are reported. In addition, the mean daily intakes and retentions are expressed 
on the basis of body height (cm ) and body weight (kg). All subjects were in positive 
balance throughout the study. Regression analyses of manganese retention on m an­
ganese intake indicated that correction of retention for either height or weight 
explains twice the variation in retention when compared with the uncorrected reten­
tion data. Due to the high correlation between height and weight, it was not possible 
in this study to determine which of the two has more influence on retention.

It has been dem onstrated tha t m anga­
nese is an essential element for rats, 
chicks, mice, rabbits and guinea pigs. As 
a result of anim al studies, attem pts have 
been made to determ ine whether m anga­
nese is essential in hum an subjects and to 
establish a hum an requirem ent for this ele­
ment. On the basis of balance studies, 
Everson and Daniels (1 )  in  1934 sug­
gested 0.2 to 0.3 m g of m anganese/kg  of 
body weight for norm al development in  
children 3 to 5 years old. Basu and 
M alackar (2 )  reported that 3 adult males 
could be kept in  equilibrium on a m anga­
nese intake of 4.6 m g/day. North et al.
(3 ) , in  a study of 8 college women, ob­
served tha t positive balance was m ain­
tained with a m ean daily m anganese in ­
take of 3.7 mg. No balance studies with 
adult m en have been reported in the litera­
ture since the work of Basu and M alackar 
in 1940.

In  addition Underwood (4 )  noted aver­
age intakes of 6 to 8 m g of m anganese/ 
day for adults consum ing typical Aus­
tralian  diets, and Monier-Williams (5 )  
calculated the intakes for adults with a 
typical English w inter diet to be in  this 
same range (6  to 8 m g). Kent and Mc- 
Cance (6 )  have observed average daily 
intakes of 2 adults to be 2.2 to 8.8 mg 
depending upon the source of calories.

Because of the lack of inform ation on 
m anganese balance in hum an subjects,

the present study was undertaken to deter­
mine the m anganese intake and retention 
of young adult men. A metabolism study 
designed to investigate nitrogen balance 
with a vegetarian diet low in protein pre­
sented the opportunity for the sim ultane­
ous study of m anganese balance in  young 
men.

PROCEDURE
For purposes of statistical analysis, the 

experim ent was designed as an extra 
period Latin square. Eight young adult 
m ales, ranging in age from 20 to 29 years, 
were divided into 2 groups of 4 subjects 
each. The subjects were fed a basal vege­
tarian  diet which was supplem ented with 
either a vegetable protein food2 or the 
vegetable protein plus skim milk powder. 
In  some experim ental periods, skim milk 
powder was combined with the vegetable 
protein so tha t 25% of the total protein 
intake was supplied from an anim al 
source. A 10-day adjustm ent period (basal 
diet only) was followed by six 4-day ex­
perim ental periods plus one post-experi­
m ental day.

R ece iv ed  fo r  p u b lic a tio n  S ep tem b e r 18, 1964.
1 P a p e r  5475, S c ien tific  J o u rn a l  S eries , M in n eso ta  

A g ric u ltu ra l  E x p e r im e n t S ta tio n .
2 T h e  a u th o rs  w is h  to  ex p re ss  th e i r  a p p re c ia tio n  to 

G e n era l M ills , In c o rp o ra te d , fo r  th e ir  c o n tr ib u tio n  o f 
M P F  (T o a s te d  soy p ro te in  w ith  ad d ed  c a lc iu m  c a r ­
b o n a te , a sco rb ic  ac id , n ia c in ,  v i ta m in  A, r ib o flav in , 
p y rid o x in e , th ia m in e , v ita m in  D , K I, v i ta m in  B 12, 
a n a ly s is , in  p a r t ,  as  fo llo w s: 50%  p ro te in , 6 .5%  a sh ,
0.5%  c a lc iu m , 0 .5%  p h o s p h o ro u s  a n d  m a n g a n e s e  
0.02 m g /g  (o u r  a n a ly s is ) .

132 J .  N u t r i t i o n , 8 5 :  *65
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Four m enus were used in  rotation dur­
ing the study, with each m enu occurring 
once during each of the six 4-day balance 
periods. A typical m enu is shown in table
1. The basal diet was calculated to con­
tain  34.1 g of protein with the supple­
m ents adjusted individually so that each 
subject received 0.75 g of p ro tein /kg  of 
body w eight/day. After analysis for nitro­
gen, the m ean daily protein intake was 
calculated to be 0.45 g /k g  of body weight 
(range 0.37 to 0.54 g) for the basal diet 
and 0.75 g /kg  (range 0.71 to 0.77 g) for 
the basal diet plus the protein supplements. 
All of the subjects were in  negative nitro­
gen balance during the 10-day period when 
they were fed the basal diet alone. After 
the addition of protein supplem ents, the

TA BLE 1

T y p ic a l  v e g e ta r ia n  m e n u

9
B r e a k f a s t

B a n a n a 10 0
C o r n m e a l  ( d r y ) 2 5
B r a z i l  n u t s 10
S y r u p 80
M a r g a r in e 14
B r e w e r ’s y e a s t 5
O r a n g e  ju ic e 2 0 0

L u n c h
F r u i t  s a l a d

D a te s 15
O ra n g e 50
C a b b a g e 5 0
B a n a n a 3 0
L e t tu c e 10
F r e n c h  d r e s s in g 2 3

G re e n  b e a n s 5 0
M u s h r o o m s 2 5
C e le ry  s t ic k s 50
V ie n n a  b r e a d 2 0
R u m  h a r d  s a u c e 16
B a k e d  a p p le s 11 5
M a r g a r in e 14
P e a n u t  b u t t e r 10
F r ie d  p o ta to 10 0

D in n e r
R ic e  ( d r y ) 35
T o m a to  p u r e e 6 0
M u s h r o o m s 25
F r i e d  p o ta to e s 10 0
L e t tu c e 5 0
A v o c a d o 50
F r e n c h  d r e s s in g 2 3
M a r g a r in e 14
C a s h e w s 10
F r u i t  ic e 1 4 2
A s p a r a g u s 10 0

subjects rem ained in  equilibrium or in 
positive nitrogen balance.

Certain fluids such as coffee, tea, dis­
tilled w ater and a carbonated beverage 
(cola-type) were allowed ad libitum. In 
addition, hard  candy and bu tterba lls3 were 
allowed ad libitum  to m eet the energy re­
quirem ent of subjects whose energy needs 
were not m et by the diet. Daily records 
were kept of the am ounts of ad libitum  
fluids and foods consumed. The m ean 
daily caloric intake was 3471 kcal (range 
3140 to 3788 kcal). There was no ob­
served net change in  weight for any of 
the subjects.

Since it is difficult to insure adequate 
intakes of certain vitam ins and m inerals 
with m any vegetarian diets, each subject 
received daily a vitam in B-complex cap­
sule containing 3 mg thiam ine hydrochlo­
ride, 2.5 mg riboflavin, 20 mg n iacina­
mide, 0.5 mg pyridoxine and 1 mg calcium 
pantothenate. In addition, 10 pg of vita­
m in B12, 1000 IU vitam in D and a calcium 
diphosphate capsule (w hich provided ap­
proximately 300 mg calcium and 250 mg 
phosphorous) were given each day to all 
subjects.

All food served to the subjects was pre­
pared in  the laboratory. Each portion was 
individually weighed on a torsion balance 
to the nearest one-tenth of a gram. A food 
aliquot was made each day which con­
tained an am ount equivalent to one-fourth 
of each serving of food. At the end of 
each 4-day period, composites were pre­
pared from these food aliquots. The com­
posites were weighed, homogenized in  a 
W aring Blendor and stored in a freezer 
until analysis could be performed.

Each subject collected complete 24-hour 
urine and fecal specimens. The 24-hour 
urine collections were m easured and one- 
fourth of the am ount was saved. At the 
end of each 4-day period a 400-ml aliquot 
of the composite urine collection was acidi­
fied with 40 ml of concentrated HC1 and 
saved for future analysis. Acid digests of 
each 4-day fecal and food composite were 
made according to the method of Leich- 
senring et al. (7 )  and saved until analysis 
could be performed.

3 B u tte rb a lls  c o n s is t o f m a rg a r in e  p lu s  p o w d ered  
s u g a r  a n d  flavo ring .
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Approximate 25-g samples of the food 
digests and 10-g samples of the fecal di­
gests were weighed and dry-ashed in  quad­
ruplicate and triplicate, respectively, in 
tared silica crucibles at 550° until a white 
ash was obtained. Triplicate 100-ml urine 
samples from the urine composites were 
dry-ashed in  new porcelain evaporating 
dishes. All ash samples were acidified with 
concentrated HC1 and made up to 100 ml.

M anganese determ inations were carried 
out with a modification of the periodate 
method of the AO AC (8 )  and Milton (9 ). 
The method was used in  earlier work by 
this laboratory and is described in a prior 
publication (3 ).

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

Results of the food analyses showed 
that the basal diet provided a m ean intake 
of 6.27 mg of m anganese/day  (range 4.20 
to 7.61 m g /d ay ). Despite considerable 
care in  the purchase and preparation of 
the food, as well as preparation of the food 
composites, there was m arked variation in 
the m anganese content of the basal diet. 
This variation from period to period is 
not unexpected since Richards (1 0 ) and 
Hodges (11 ) dem onstrated tha t plant 
foods vary considerably in  m anganese con­
tent, not only from plant to plant but also 
w ithin tissues of the same plant. One 
explanation for the variation in the m an­
ganese content of the basal diet is that 
variation occurred in  the sam pling of the 
foods since the fresh fruits and vegetables 
which m ade up most of the diet were pur­
chased weekly or more often as needed.

Analysis of the ad libitum  foods indi­
cated that coffee, tea, the carbonated 
beverage and butterballs contributed sub­
stantially to the m anganese content of the 
diet. The results of the analyses of these 
ad libitum  foods showed the following 
m ean values for m anganese: coffee per 
cup, 0.04 mg (0.8 g in 150 ml distilled 
w ater of powdered [instant] coffee); tea 
per cup, 0.09 mg (2  g tea in tea bag 
steeped 3 m inutes in 150 ml distilled 
w ater); carbonated beverage per 355-ml 
bottle, 0.03 mg; butterballs per 14-g por­
tion, 0.02 mg. Coffee and the carbonated 
beverage were consumed in large quanti­
ties by most of the subjects and therefore 
contributed not only to the variation in

the m anagnese content of the diet but also 
provided significant am ounts of this ele­
m ent in  the intakes of those subjects who 
used them.

Although skim milk powder contained 
no m anganese measurable by our methods, 
the vegetable protein supplem ent con­
tained considerable m anganese. Since the 
supplem ents were adm inistered on the 
basis of body weight, the am ount of m an­
ganese each subject received from  the 
supplem ents varied appreciably (range 
per day from 0.09 to 1.64 m g). The total 
m ean daily m anganese intake by analysis 
was 7.07 m g/day  with a range from  6.63 
to 7.47 m g/day  (table 2 ). These values 
fall w ithin the range of average intakes 
reported by Underwood (4 ) ,  Monier-Wil- 
liams (5 ) , and Kent and McCance (6 ) . 
However, this intake level for all subjects 
is higher than  the 3.70 m g/day  which 
North et al. (3 )  reported as sufficient 
for m aintenance of positive balance in  
women. This level of intake is also higher 
than  the 4.6 mg of m anganese/day  sug­
gested by Basu and M alackar (2 )  for 
m aintenance of equilibrium in men. The 
higher intake reported here is due pri­
marily to the use of a vegetarian diet, 
since anim al foods are known to be lower 
and less variable in m anganese content 
than  are vegetable foods (10, 11).

During the 35 days of observation, the 
m ean daily urinary excretion of m anga­
nese was 0.22 m g/day. Although these 
values are higher than  those reported by 
Kehoe et al. (1 2 ) for adults, they agree 
well with the m ean urinary m anganese 
value of 0.20 m g/day  reported by North 
et al. (3 )  for college women. The m ean 
fecal excretion was 3.53 mg of m anganese 
/'day. These analyses show remarkably 
consistent values, and statistical analysis 
indicates there is no significant difference 
between the 2 groups of subjects or be­
tween periods in  fecal excretion. Results 
of the analysis of urine and feces showed 
a m ean total daily excretion of 3.74 mg of 
manganese.

Since the vegetable protein supplem ent 
was prim arily a soybean product and be­
cause it had been shown that the phytic 
acid present in soybeans will depress the 
absorption and retention of the divalent
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TA BLE 2

M e a n  d a i ly  m a n g a n e s e  i n ta k e ,  e x c r e t io n  a n d  r e  t e n t i o n  o f  8 y o u n g  m e n  fo r  e ig h t  4 -d a y  p e r io d s

S u b jec t H e ig h t W t D ie t P e rio d s In ta k e
E x c re tio n

R e te n tio n
F e c a l U rin a ry

c m kg m g m g m g m g

W A 18 5 9 1 .6 A 1 p r e - p e r io d 6 .7 1 1 .9 5 0 .0 0 4 .7 6
A p r e - p e r io d 6 .5 4 2 .3 3 0 .2 4 3 .9 6
B 2 1 6 .7 1 3 .5 0 0 .2 1 3 .0 1
B 2 8 .4 4 4 .4 7 0 .2 7 3 .7 0
C 3 3 8 .6 0 3 .7 5 0 .4 3 4 .4 1
C 4 7 .2 5 4 .5 9 0 .2 0 2 .4 6
C 5 6 .0 7 3 .5 3 0 .0 0 2 .5 5
C 6 9 .4 2 5 .8 4 0 .1 7 3 .4 1

m e a n 7 .4 7 3 .7 5 0 .2 2 3 .5 3

W C 173 6 7 .9 A p r e - p e r io d 6 .7 9 3 .7 4 0 .0 6 2 .9 8
A p re -p e r io d 6 .5 8 3 .5 2 0 .0 7 2 .9 8
B 1 6 .1 3 2 .9 9 0 .1 2 3 .0 2
B 2 7 .8 1 2 .9 4 0 .0 8 4 .7 8
C 3 7 .9 0 4 .1 8 0 .0 8 3 .6 4
C 4 6 .4 3 9 .6 7 0 .0 6 - 3 . 3 0
C 5 5 .21 3 .8 5 0 .2 8 1 .0 8
C 6 8 .6 3 5 .2 2 0 .0 8 3 .3 4

m e a n 6 .9 3 4 .5 1 0 .1 1 2 .3 2

D H 18 2 7 9 .7 A p r e - p e r io d 6 .7 8 2 .3 9 0 .1 5 4 .2 4
A p r e - p e r io d 6 .5 1 2 .0 4 0 .1 3 4 .3 4
B 1 6 .3 8 2 .3 4 0 .1 8 3 .8 6
B 2 8 .1 5 3 .1 2 0 .1 8 4 .8 5
C 3 8 .1 9 4 .2 3 0 .1 9 3 .7 7
C 4 6 .8 4 3 .6 6 0 .1 8 3 .0 0
C 5 5 .6 5 2 .6 2 0 .1 7 2 .8 6
C 6 8 .9 9 3 .9 1 0 .2 6 4 .8 2

m e a n 7 .1 9 3 .0 4 0 .1 8 3 .9 7

K K 17 5 8 0 .1 A p re - p e r io d 6 .8 3 3 .0 6 0 .0 0 3 .7 7
A p r e - p e r io d 6 .4 6 2 .4 6 0 .1 6 3 .8 5
C 1 7 .0 9 4 .1 8 0 .4 9 2 .4 2
C 2 8 .8 2 3 .8 4 0 .1 6 4 .8 2
B 3 4 — — — —

m e a n 7 .3 0 3 .3 8 0 .2 0 3 .7 1

J M 17 5 7 6 .2 A p re -p e r io d 6 .7 9 2 .5 3 0 .1 7 4 .0 8
A p r e - p e r io d 6 .5 3 2 .2 6 0 .1 3 4 .1 4
C 1 6 .9 8 2 .9 4 0 .2 0 3 .8 4
C 2 8 .7 2 2 .6 1 0 .2 7 5 .8 5
B 3 7 .4 4 2 .6 7 0 .2 4 4 .5 2
B 4 6 .1 6 3 .3 5 0 .3 3 2 .4 9
B 5 4 .9 1 2 .5 1 0 .1 8 2 .2 2
B 6 8 .3 3 2 .1 5 0 .0 9 6 .0 9

m e a n 6 .9 8 2 .6 3 0 .2 0 4 .1 5

DR 1 7 6 6 3 .1 A p r e - p e r io d 6 .7 7 3 .3 3 0 .1 8 3 .2 7
A p r e - p e r io d 6 .5 3 4 .4 5 0 .4 9 1 .5 9
C 1 6 .5 2 4 .0 9 0 .1 6 2 .2 7
C 2 8 .2 0 3 .8 6 0 .1 6 4 .1 9
B 3 7 .0 5 5 .5 2 0 .2 0 1 .3 3
B 4 5 .6 7 3 .3 5 0 .1 4 2 .1 8
B 5 4 .4 2 2 .8 9 0 .4 1 1 .1 3
B 6 7 .8 4 5 .1 1 0 .0 0 2 .7 3

m e a n 6 .6 3 4 .0 8 0 .2 5 2 .3 3
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TA BLE 2 ( C o n tin u e d )

M e a n  d a i ly  m a n g a n e s e  i n ta k e ,  e x c r e t io n  a n d  r e t e n t i o n  o f  8 y o u n g  m e n  fo r  e ig h t  4 -d a y  p e r io d s

S u b je c t H e ig h t w t D ie t P e rio d s In ta k e
E x c re tio n  

F e c a l U rin a ry
R e te n tio n

c m kg m g m g m g m g

D S 1 80 8 4 .2 A p re -p e r io d 6 .7 2 2 .6 4 0 .2 3 3 .8 6
A p re -p e r io d 6 .5 0 2 .1 6 0 .1 6 4 .1 8
C 1 7 .1 8 3 .7 8 0 .1 6 3 .2 5
C 2 8 .8 8 3 .6 8 0 .0 9 5 .1 0
B 3 7 .5 5 4 .1 0 0 .6 9 2 .7 6
B 4 6 .1 6 5 .5 5 0 .1 9 0 .4 1
B 5 4 .9 9 3 .0 5 0 .1 9 1 .7 5
B 6 8 .3 8 3 .0 3 0 .1 6 5 .2 0

m e a n 7 .0 5 3 .5 0 0 .2 3 3 .3 1

A Y 18 0 7 8 .8 A p r e - p e r io d 6 .6 3 2 .3 8 0 .1 3 4 .1 2
A p re -p e r io d 6 .3 9 1 .7 5 0 .2 6 4 .3 8
B 1 6 .2 5 2 .4 9 0 .1 7 3 .5 9
B 2 7 .9 6 3 .7 6 1 .0 7 3 .1 3
C 3 8 .0 7 6 .1 2 0 .2 7 1 .6 8
C 4 6 .6 9 3 .2 0 0 .1 5 3 .3 4
C 5 5 .4 2 4 .2 0 0 .2 2 1 .0 0
C 6 8 .8 4 2 .8 3 0 .0 0 6 .0 1

m e a n 7 .0 3 3 .3 4 0 .3 3 3 .4 1
M e a n  o f  a l l 7 .0 7 3 .5 3 0 .2 1 3 .3 4

1 D ie t A, b a s a l  d ie t.
2 D ie t B, b a s a l  d ie t p lu s  v e g e tab le  p ro te in  a n d  s k im  m ilk  p o w d e r su p p lem en ts .
3 D ie t C, b a s a l  d ie t  p lu s  v e g e tab le  p ro te in  s u p p le m e n t a lone .
4 S u b je c t le f t  s tu d y .

calcium (1 3 ) and m agnesium  ions,4 it 
was thought that perhaps a sim ilar situa­
tion m ight exist with manganese. The 
variation in  total m ean daily absorption 
of m anganese for the 2 treatm ents was: 
vegetable protein supplem ent alone, 3.55 
mg (range 1.31 to 5.08 m g); vegetable 
protein plus skim m ilk powder supple­
m ent, 3.57 mg (range 2.03 to 4.53 m g). 
The difference between the treatm ents was 
not statistically significant. The total m ean 
daily absorption of m anganese was 3.56 
mg (range 2.42 to 4.36). These data did 
not exhibit the m agnitude of difference in 
m anganese absorption between treatm ents 
B and C that was observed in the studies 
of m agnesium  absorption carried out with 
these same subjects.5

The m ean daily retention was 3.34 mg 
of m anganese (table 2 ). In addition, all 
of the subjects but one were in  positive 
balance throughout the study. One sub­
ject (W C) showed a large negative bal­
ance during one of the periods. This was 
ascribed to the fact that he had an episode 
of d iarrhea and a consequent loss of m an­

ganese. Statistical analysis of the reten­
tion data indicated no significant differ­
ence between treatm ents. However, as 
would be expected in  a hum an balance 
study, the variation among individuals was 
significant (P  =  0.05) and the variation 
in retention between periods was highly 
significant (P  ~ 0.01). In addition a 
highly significant coefficient of correlation 
( r  — 0.55) indicates that in  this study, 
retention was proportional to the intake. 
This observation agrees with that of Ever­
son and Daniels (1 ) who stated that the 
retention of m anganese is proportional to 
intake in  children. Consequently, it would 
be expected that the variation in  retention 
between periods would be significant since 
there was an appreciable variation in  in ­
take. W hen m ean daily retention for each 
subject was expressed as percentage of in ­
take, the retention varied from 33 to 59% 
with a m ean retention of 47% . North 
et al. (3 )  have reported a m ean retention

4 C ar le to n , I. R . 1964 A m a g n e s iu m  b a la n c e  s tu d y  
o f co llege  m e n  c o n su m in g  a  c o n tro lle d  low  p ro te in  
d ie t. M .S. T h e s is , U n iv e rs ity  o f M in n eso ta .

5 See fo o tn o te  4.
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of 41% when the m ean intake was 3.70 
m g/day. It is possible that such retentions 
represent losses through the skin, hair and 
nails which were not determined. In addi­
tion, Mitchell et al. (1 4 ) have reported the 
presence of sm all am ounts of m anganese 
in  sweat (3 .2  to 7.4 ag/100 m l).

Because these subjects varied consider­
ably in  body size, intake and retention 
were expressed on the basis of height and 
weight (table 3 ). The calculations showed 
a m ean daily intake of 0.09 mg of manga- 
nese /kg  (range 0.08 to 0.10 m g /k g ), and 
a m ean daily retention of 0.04 m g/kg  
(range 0.03 to 0.05 m g /k g ). W hen ex­
pressed on the basis of body height the 
m ean daily intake was 0.04 mg of manga- 
nese /cm  and m ean daily retention was 
0.02 mg of m anganese/cm  (range 0.01 
to 0.02 m g /cm ). The consistency of re­
sults when expressed on the basis of body 
size (table 3) m ay suggest a regulatory 
m echanism  within the body which m ain­
tains the level of m anganese on a basis 
which is related to some param eter of 
body size, such as bone size or bone 
weight. However, the protein supplements 
were based on the body weight of the 
subjects and the m anganese intake would, 
therefore, have been increased with in­
creasing body weight. Since retention has 
been noted to be proportional to intake, 
this m ay explain in  part the consistent re­
lationship of m anganese retention to body 
size.

Since earlier work by North et al. (3 ) 
from this laboratory also indicated that a 
relationship m ay exist between retention 
and body size, a series of regression co­
efficients of m anganese retention on m an­

ganese intake were calculated to determ ine 
the influence of height and weight on re­
tention. The results of these analyses 
indicated that when retention was ex­
pressed as retention per kilogram body 
weight or as retention per centim eter of 
body height, twice the variation in  reten­
tion could be accounted for by the relation­
ship with the 3 independent variables ( in ­
take per day, height, w eight) than  when 
retention was expressed as total m anga­
nese per day. This was shown by an in ­
crease in  the R2 value from  0.18 to 0.40 
when retention is expressed as per kilo­
gram  body weight as opposed to total re­
tention and to 0.42 when retention is ex­
pressed as per centim eter body height as 
opposed to total retention (R 2 =  the square 
of the m ultiple correlation coefficient and 
the proportion of the total variation in the 
dependent variable accounted for by its 
relationship with the independent varia­
bles). However, due to the high correla­
tion between height and weight ( r  =  0.79) 
it is not possible to say which of the two 
had more influence on retention.

W hen the intake is expressed on a per 
kilogram basis and the retention is also 
expressed on a per kilogram basis, R2 is 
equal to 0.41 as opposed to the previous 
0.40. Similarly, when retention is ex­
pressed on a per centim eter of body 
height basis and intake as total intake per 
day, R2 is equal to 0.42 and when both 
intake and retention are expressed on a 
per centim eter basis, R2 is found to be 
equal to 0.43. Consequently, these anal­
yses indicate that once the retention has 
been corrected for either height or weight, 
correction of the intake for height or

TA BLE 3

C o m p a r is o n  o f  m e a n  d a i ly  i n t a k e  a n d  r e t e n t i o n  o f  m a n g a n e s e  i n  m i l l i g r a m s  
o n  th e  b a s is  o f  h e ig h t  a n d  w e i g h t

S u b je c t I n ta k e /k g R e te n t io n /k g I n ta k e /c m R e te n t io n /c m

m g m g m g m g

W A 0 .0 8 0 .0 4 0 .0 4 0 .0 2
w c 0 .1 0 0 .0 3 0 .0 4 0 .0 1
D H 0 .0 9 0 .0 5 0 .0 4 0 .0 2
J M 0 .0 9 0 .0 5 0 .0 4 0 .0 2
K K 0 .0 9 0 .0 5 0 .0 4 0 .0 2
D R 0 .1 0 0 .0 4 0 .0 4 0 .0 1
D S 0 .0 8 0 .0 4 0 .0 4 0 .0 2
AY 0 .0 9 0 .0 4 0 .0 4 0 .0 2

M e a n 0 .0 9 0 .0 4 0 .0 4 0 .0 2
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weight does not explain a significantly 
larger portion of the variation in retention. 
The high retention of m anganese (3.34 
m g /d ay ) suggests a need for further in ­
vestigation of another possible pathway 
for excretion of m anganese or a possible 
level of intake at which there are no fu r­
ther increases in  retention.
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Effect on Nitrogen Retention of Men of Altering the 
Intake of Essential Amino Acids with 
Total Nitrogen Held Constant1

CONSTANCE V. KIES 2 a n d  HELLEN M. LINKSWILER 
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 ,  S c h o o l  o f  H o m e  E c o n o m ic s ,  
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  Nitrogen retention of 6 men fed semi-purified diets containing 5.80 g 
total nitrogen was affected significantly by the amount of essential amino acids in­
gested when the caloric intake was 45 kcal/kg of body weight. The inclusion of 
arginine, histidine, cystine and tyrosine appeared to have a beneficial effect on nitrogen 
retention when the essential amino acids contributed a major portion of the dietary 
nitrogen. Marked relationships exist among caloric intake, essential amino acid intake 
and nitrogen retention.

The effects of altering the ratio of essen­
tial amino acids to non-essential amino 
acids in  the diets of anim als have been 
reviewed recently by Stucki and Harper
(1 ) . However, relatively little work has 
been reported concerning the ratio of 
essential to non-essential amino acids in 
hum an nutrition. Snyderm an et al. (2 )  
reported that non-essential nitrogen is the 
most lim iting factor in  milk protein for 
growth. Kirk et al. (3 )  and Swendseid 
et al. (4, 5) fed amino acids in  several 
patterns and reported that nitrogen reten­
tion in adults was improved when the level 
of nitrogen from the essential amino acids 
was increased at the expense of non-essen­
tial sources of nitrogen.

The purpose of the present investiga­
tion was to determine the effect on nitro­
gen retention in  adult m en of varying the 
intake of the essential or the essential plus 
semi-essential amino acids when total die­
tary nitrogen was constant. A prelim inary 
study was also made to determine the 
effect of caloric intake on the nitrogen 
retention of m en when the essential amino 
acids furnished a high, an interm ediate, 
or a low percentage of the total dietary 
nitrogen.

PROCEDURE
In 2 separate studies hum an subjects 

were fed diets which contained 5.80 g 
nitrogen daily. Ordinary foods provided 
0.44 or 0.57 g nitrogen, and crystalline 
amino acids and diam m onium  citrate sup­

plied the rem ainder. Each study contained 
6 experim ental periods of 5 days each, 
and the am ount of the essential amino 
acids fed differed for each of the experi­
m ental periods. At the end of study 2 there 
was an addendum  of 12 days during which 
the effect of an altered caloric intake on 
nitrogen balance was determ ined at 3 
levels of essential amino acid intake. Dur­
ing study 1 the 8 essential amino acids 
and the 4 semi-essential amino acids (h is­
tidine, arginine, tyrosine, and cystine) pat­
terned as in  egg protein were fed at 6 dif­
ferent levels, and during study 2 the 8 
essential amino acids patterned as in  egg 
protein were fed at 6 different levels.

Prior to the experim ental periods the 
subjects were fed a semi-purified diet simi­
lar to that fed during the experim ental 
periods until a stabilized nitrogen output 
was reached.

The sources and am ounts of dietary 
nitrogen of each experim ental period for 
both studies are shown in table 1. In study 
1 the am ounts of the 8 essential amino 
acids and the 4 semi-essential amino acids 
fed were equivalent to those in 15, 20, 30, 
40, 50, and 60 g of egg protein; the nitro­
gen from these amino acids provided 25, 
33, 50, 67, 83, and 100% , respectively, of 
the purified nitrogen (i.e., the nitrogen * 1 2

R ece ived  fo r  p u b lic a tio n  A u g u st 17, 1964.
1 P u b lish e d  w ith  th e  p e rm iss io n  o f th e  D ire c to r  of 

th e  W isco n s in  A g ric u ltu re  R ese a rch  S ta tio n .
2 P re s e n t a d d re ss : D e p a r tm e n t o f Food  a n d  N u tr i ­

tio n , School o f H om e E co n o m ics , C ollege o f A g ricu l­
tu re  a n d  H om e E co n o m ics , U n iv e rs ity  o f N e b ra sk a , 
L in co ln .

J. N u t r i t i o n , 85: ’65 139
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TA BLE 1

S o u r c e s  a n d  a m o u n t s  o f  d ie ta r y  n i t r o g e n  f o r  e a c h  o f  t h e  e x p e r im e n ta l  
d ie t s  w i t h  a  to ta l  n i t r o g e n  i n t a k e  o f  5 .8 0  g

D iet
no . EAA I N <3FAA 1 N  DAC 1 a n d  

i5 L M  iN g ly c in e  N
O rd in a ry  
food  N  2

T o ta l N  
in ta k e

g /d a y g /d a y g /d a y g /d a y g /d a y

S tu d y  1
1 0 .8 1 0 .5 0 3 .9 2 0 .5 7 5 .8 0
2 1 .0 7 0 .6 7 3 .4 9 0 .5 7 5 .8 0
3 1 .61 1 .0 0 2 .6 2 0 .5 7 5 .8 0
4 2 .1 4 1 .3 4 1 .7 5 0 .5 7 5 .8 0
5 2 .6 8 1 .6 7 0 .8 8 0 .5 7 5 .8 0
6 3 .2 2 2 .0 1 0 .0 0 0 .5 7 5 .8 0

S tu d y  2

1 1 .11  3 n o n e 4 .2 5 0 .4 4 5 .8 0
2 1 .6 2  3 n o n e 3 .7 4 0 .4 4 5 .8 0
3 2 .1 4 n o n e 3  2 2 0 .4 4 5 .8 0
4 3 .2 2 n o n e 2 .1 4 0 .4 4 5 .8 0
5 4 .2 8 n o n e 1 .0 8 0 .4 4 5 .8 0
6 5 .3 6 n o n e 0 .0 0 0 .4 4 5 .8 0

1 EAA = e s s e n tia l  a m in o  a c id s ; SEAA = sem i-e ssen tia l a m in o  a c id s ; DAC = d ia m m o n iu m  c itra te .
2 C om posed  o f th e  fo llo w in g : ( g /d a y )  a p p le sa u c e , 100; p e ac h e s , 100; p e a rs , 100; g re e n  b e an s , 

100; to m a to es , 100. O th e r  fo o d s  g iv en  w e re : w a fe rs  m a d e  o f  c o rn s ta rc h , f a t ,  a n d  s u g a r ;  c a rb o n a te d  
b e v erag e ; je lly ; c a n d y ; s u g a r ;  b u t te r  o il; te a  o r  coffee, o r  b o th . A v i ta m in  s u p p le m e n t w a s  g iven  
d a ily  a n d  c o n ta in e d  th e  fo llo w in g : ( i n  m g )  n ia c in a m id e , 9 ; th ia m in e •H C l, 3 ; r ib o f la v in , 3; 
D -p an to th en y l a lco h o l, 4 .5 ; p y r id o x in e T IC l, 2 .5 ; fo lic  a c id , 0 .6 ; b io tin , 0 .15 ; v i ta m in  B 12, 0 .001; 
( s tu d y  1 o n ly )  D L -m ethionine, 150; d l-a -to co p h ery l a c e ta te , 4 .5 ; c h o lin e  d e h y d ro g e n  c itra te ,  180; 
a sco rb ic  a c id , 50; a n d  4500 U SP u n i ts  v i ta m in  A. A m in e ra l  s u p p le m e n t g iv en  d a ily  c o n ta in e d  th e  
fo llo w in g : ( i n  g )  C a, 1.000; P , 1.001; M g, 0 .199 ; F e , 0 .015 ; C u, 0 .002 ; I ,  0 .00015; M n , 0 .002; 
Z n , 0.0009.

3 A d d itio n a l m e th io n in e  g iv en  a t  th e  2  lo w er in ta k e s  o f e s s e n tia l  a m in o  a c id  to  m e e t th e  “ s a fe ” 
leve l o f in ta k e  o f R ose ( 6 ) .

from  the amino acids and diam m onium  
citra te). In study 2 the am ounts of the 
8 essential amino acids fed were equiva­
lent to those in  20, 30, 40, 60, 80, and 
100 g of egg protein (plus additional 
m ethionine at the 2 lower intakes to meet 
the “safe” levels of Rose ( 6 ) ) and pro­
vided 20, 30, 40, 60, 80 and 100% , re­
spectively, of the purified nitrogen. To 
m aintain  a constant nitrogen intake, 
glycine and diam m onium  citrate in  iso- 
nitrogenous am ounts were given in  all 
periods except those in which the essen­
tial amino acids plus the semi-essential 
amino acids, or the essential amino acids 
contributed 100% of the purified nitrogen. 
Throughout study 1 the caloric intake for 
each individual subject was held constant 
at the am ount required for weight m ain­
tenance as determined prior to the study 
and varied from 42 to 52 kcal/kg  among 
the different subjects. During study 2 all 
subjects were given daily 45 kcal/kg  of 
body weight. The caloric intake was sys­
tem atically varied during the addendum 
to study 2; all 6 subjects were fed the 
essential amino acids in am ounts which

contributed 20% of the nitrogen from 
purified sources with a caloric intake of 
55 kcal/kg  of body weight; 3 of the sub­
jects were fed the essential amino acids 
in  am ounts which contributed 60% of the 
purified nitrogen with caloric intakes at 
both 35 and 55 kcal, while the other 3 
subjects were fed the essential amino acids 
in  am ounts which supplied 100% of the 
purified nitrogen with caloric intakes at 
both 35 and 55 kcal. Additional calories 
were provided during the periods of in ­
creased caloric intake by butterballs (a  
m ixture of butter oil and confectioner’s 
sugar) or cornstarch wafers, or both. 
During the periods of reduced caloric in ­
take sugar, hard  candy, and butter oil were 
removed from the diets in appropriate 
am ounts so as to m aintain  a constant fat- 
to-carbohydrate ratio during all periods.

Random arrangement of experimental 
diets. To elim inate the possible influence 
of order of presentation of the diets and 
the factor of time, the sequence of the 
diets fed during the experim ental periods 
was arranged at random  for each individ­
ual subject.
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TA B LE 2

A g e ,  h e ig h t ,  w e i g h t ,  a n d  c a lo r ic  i n t a k e s  o f  th e  s u b je c t s

S u b jec t Age
W eig h t

H e ig h t
D a ily

c a lo ric
in ta k eIn i t ia l F in a l

yea r k g k g c m k c a l /k g  b o d y  w t

S tu d y  1
A 21 58 58 168 5 2
B 2 0 75 76 1 85 4 2
C 3 4 72 71 17 8 4 2
D 20 74 74 183 4 4
E 21 7 2 70 1 9 0 4 2

S tu d y  2  1
A 24 68 70 1 80 4 5
B 24 75 74 1 80 4 5
C 35 70 70 178 4 5
D 2 5 8 2 81 1 83 4 5
E 2 2 6 0 59 168 4 5
F 2 5 69 69 175 4 5

1 T h ese  m e n  w e re  su b jec ts  d u r in g  th e  a d d e n d u m  to  s tu d y  2 also.

Subjects. The subjects were 11 young 
men, students at the University of W is­
consin; 5 participated in study 1 and 6 
participated in  study 2. Pertinent inform a­
tion regarding the subjects is presented in 
table 2. All were in  good health  as shown 
by physical exam inations conducted by a 
physician.

Collection and handling of metabolic 
products. Complete 24-hour urine col­
lections were made throughout the studies. 
Analyses for nitrogen (7 )  and creatinine
(8 )  were m ade daily on fresh urine sam ­
ples. Food composites and feces were col­
lected, treated and analyzed for nitrogen 
as described by Jones et al. (9 ) .

R E S U L T S

Average values for nitorgen balance per 
period for each subject as well as the m ean 
for all subjects in  both studies are shown 
in figures 1 and 2. Increasing the am ounts 
of essential am ino acids or essential amino 
acids plus the semi-essential amino acids 
resulted in  an  increase in  nitrogen reten­
tion. These increases in  nitrogen retention 
are statistically significant (P  <  0.005 for 
study 1; P <  0.01 for study 2).

During study 1 each subject showed 
improved nitrogen retention with each 
step-by-step increase in  essential amino 
acids plus semi-essential amino acids with 
the exception of subject B (fig. 1). All 
subjects showed m arked increases in nitro­
gen retention between the lowest and high­

est intakes of essential amino acids plus 
semi-essential amino acids; increm ents in 
nitrogen retention were 1.45, 0.94, 1.29, 
1.72, and 2.74 g /day  for subjects A, B, 
C, D, and E, respectively. All subjects 
achieved positive nitrogen balance some­
time during the experiment. Subjects A 
and B were in  positive balance while con­
sum ing the 3 highest intakes of essential 
amino acids plus semi-essential amino 
acids, and all subjects were in  positive 
balance at the 2 highest intakes.

In  study 2 all subjects showed progres­
sive increases in  nitrogen retention as the 
nitrogen furnished by the essential amino 
acids was increased from  20 to 80% with 
increm ents in nitrogen retention being 
1.09, 1.25, 0.80, 1.31, 0.56, and 2.29 g /day  
for subjects A, B, C, D, E, and F, respec­
tively (fig. 2 ). However, the effect on 
nitrogen retention was less clearly defined 
when the percentage of nitrogen furnished 
by the essential amino acids was increased 
from 80 to 100%. Subjects A and B re­
tained less nitrogen; subjects C, E, and F 
retained more; and subject D retained simi­
lar amounts. Subjects A, B, and D achieved 
positive nitrogen balance at a lower essen­
tial amino acid intake than  did the other 
3 subjects.

The caloric intake required to m ain­
tain  nitrogen balance with an intake of 
5.80 g nitrogen daily appears to be affected 
by the am ount of essential amino acids fed 
(fig. 3). Increasing the caloric intake
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PERCENTAGE OF NITROGEN SUPPLIED BY ESSENTIAL AMINO ACIDS 

15_______ 20_________________31_________________ 41__________________51_________________ 62

-1.5

25 33 50 67 89 100
PERCENTAGE OF NITROGEN SUPPLIED BY ESSENTIAL PUUS SEMI-ESSENTIAL AMINO ACIDS

F ig .  1 E f f e c t  o f  v a r y in g  t h e  i n t a k e  o f  e s s e n t i a l  p lu s  s e m i - e s s e n t ia l  a m in o  a c id s  o n  n i t r o g e n
b a la n c e  o f  m e n  f e d  d ie t s  c o n t a i n i n g  5 .8 0  g  n i t r o g e n  d a i ly .  T h e  p e r c e n t a g e  n i t r o g e n  in d i c a t e d  o n
t h e  g r a p h  a p p l ie s  o n ly  to  t h a t  f u r n i s h e d  b y  c r y s t a l l i n e  a m in o  a c id s  a n d  d i a m m o n iu m  c i t r a t e  a n d
d o e s  n o t  in c lu d e  th e  0 .5 7  g f u r n i s h e d  b y  o r d in a r y  fo o d s . T h e  p o in t s  w i th  l e t t e r s  r e f e r  to  t h e
d a i ly  n i t r o g e n  b a l a n c e  o f  i n d i v i d u a l  s u b je c t s ;  t h e  l i n e ,  to  t h e  m e a n  d a i ly  n i t r o g e n  b a l a n c e  f o r  a l l
s u b je c ts .

from  45 to 55 kcal/kg  of body weight re­
sulted in  average increm ents in  nitrogen 
retention of 0.67 g daily when the essential 
amino acids contributed 20% of the puri­
fied nitrogen (P  <  0.025); 0.40 g when 
the essential amino acids contributed 
60% ; and 0.06 g when the essential amino 
acids contributed 100% of the purified 
nitrogen. The latter 2 increm ents in nitro­
gen retention are not statistically signifi- 
ficant.

D IS C U S S IO N

The results of the studies described in ­
dicate that the nitrogen retention of m en 
fed semi-purified diets supplying 5.80 g 
total nitrogen and approximately 45 k ca l/ 
kg of body weight daily is significantly 
affected by the am ount of essential amino 
acids ingested. During both studies each 
step-by-step increase in  essential amino 
acids resulted in  improved nitrogen re­
tention. W hen the semi-essential amino

acids were included in  the diet, increasing 
the intake of essential amino acid nitro­
gen from  0.81 to 3.22 g daily caused an 
average increm ent in  nitrogen retention 
of 1.63 g daily; when the semi-essential 
amino acids were not included in the diet, 
increasing the essential amino acid nitro­
gen from 1.11 to 4.28 g resulted in an 
average increm ent in nitrogen retention 
of 1.22 g.

A comparison of the data from studies 
1 and 2 indicates that the semi-essential 
amino acids m ay have an effect on nitro­
gen retention when the intake of the essen­
tial amino acids is high. Average nitrogen 
balances of subjects fed the essential 
amino acids plus the semi-essential amino 
acids in study 1 or the 8 essential amino 
acids in  study 2 were sim ilar at low in ­
takes. For example, at the 20- and 30-g 
egg protein equivalents the average nitro­
gen balances during study 1 were —0.79
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PERCENTAGE OF NITROGEN SUPPLIED BY ESSENTIAL AMINO ACIDS

F ig . 2  E f f e c t  o f  v a r y in g  th e  i n t a k e  o f  e s s e n t i a l  a m in o  a c id s  o n  n i t r o g e n  b a l a n c e  o f  m e n  f e d  
d ie t s  c o n t a i n i n g  5 .8 0  g  n i t r o g e n  d a i ly .  T h e  p e r c e n t a g e  n i t r o g e n  i n d i c a t e d  o n  th e  g r a p h  a p p l ie s  
o n ly  to  t h a t  f u r n i s h e d  b y  c r y s t a l l i n e  a m in o  a c id s  a n d  d i a m m o n iu m  c i t r a t e  a n d  d o e s  n o t  in c lu d e  
th e  0 .4 4  g  f u r n i s h e d  b y  o r d in a r y  fo o d s .  T h e  p o in t s  w i th  l e t t e r s  r e f e r  to  t h e  d a i ly  n i t r o g e n  b a l a n c e  
o f  t h e  i n d i v i d u a l  s u b je c t s ;  t h e  l i n e ,  to  th e  m e a n  d a i ly  n i t r o g e n  b a l a n c e  o f  a l l  s u b je c t s .

*1.00 35

-1.00 -------------------  20% EAA N LEVEL

3 5  4 5  55
CALORIES PER KG OF BODY WEIGHT PER DAY

F ig .  3  N i t r o g e n  b a l a n c e  v e r s u s  c a lo r ic  i n t a k e  a t  3 le v e ls  o f  e s s e n t i a l  a m in o  a c id  i n t a k e .  T h e  
s o l id  l i n e  r e p r e s e n t s  t h e  m e a n  n i t r o g e n  b a l a n c e  o f  s u b je c t s  f e d  th e  e s s e n t i a l  a m in o  a c id s  ( E A A )  
i n  a m o u n t s  t h a t  f u r n i s h e d  2 0 %  o f  t h e  n i t r o g e n  f r o m  p u r i f i e d  s o u r c e s ;  t h e  e v e n ly  d a s h e d  l i n e  t h a t  
o f  s u b je c t s  f e d  t h e  e s s e n t i a l  a m in o  a c id s  i n  a m o u n t s  t h a t  f u r n i s h e d  6 0 %  o f  t h e  p u r i f i e d  n i t r o g e n  
a n d  th e  u n e v e n l y  d a s h e d  l in e  t h a t  o f  t h e  s u b je c t s  f e d  e s s e n t i a l  a m in o  a c id s  i n  a m o u n t s  t h a t  f u r ­
n i s h e d  1 0 0 %  o f  t h e  p u r i f i e d  n i t r o g e n .
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and —0.41 g, respectively, and in  study 2 
were —0.84 and —0.52 g. However, dur­
ing high intakes, greater nitrogen reten­
tion was achieved by subjects fed the 
essential amino acids plus the semi-essen­
tial amino acids than  by those fed the 8 
essential amino acids. At the 60-g egg 
protein equivalent intake during study 1, 
subjects retained an average of 0.67 g 
nitrogen and in study 2 the average re­
tained was 0.04 g. Although a higher in ­
take of essential amino acids was used in  
study 2 th an  in  study 1, the am ount of 
nitrogen retained by the subjects in  study 
2 was never as great as that retained by 
the subjects in study 1.

Marked relationships appear to exist 
among caloric intake, essential amino acid 
intake and nitrogen retention. Increasing 
the caloric intake from 45 to 55 kcal/kg  of 
body weight increased nitrogen retention 
by 0.67 g daily when the essential amino 
acids contributed 1.11 g nitrogen daily but 
had no effect when the essential amino 
acids furnished 5.36 g. Furtherm ore, sub­
jects given 5.36 g essential amino acid 
nitrogen retained nitrogen (0.28 g daily) 
while ingesting 35 kcal/kg  body weight, 
but subjects given 1.11 g essential amino 
acid nitrogen lost nitrogen (0.17 g daily) 
while ingesting 55 kcal/kg  body weight.

The fact tha t the am ount of essential 
amino acids ingested affects so markedly 
the caloric intake required to bring about 
a state of positive nitrogen balance sug­
gests that a critical appraisal be m ade of 
the criteria used in  assessing amino acid 
requirem ents. W ith a total daily nitrogen 
intake of 5.80 g and with a caloric intake 
of 35 kcal/kg  of body weight, m en re­
tained nitrogen when given essential 
amino acids equivalent to those present in

100 g egg protein (5.36 g essential amino 
acid nitrogen). W hen the am ounts of essen­
tial amino acids given were equivalent to 
those in  60 g egg protein (3.22 g essential 
amino acid n itrogen), 45 kcal/kg  of body 
weight were required; and when the equiv­
alent in  20 g egg protein (1.11 g essential 
amino acid nitrogen) was fed, more th an  
55 kcal/kg  of body weight were required.
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Influence of Citrus Pectin Feeding on Lipid 
Metabolism and Body Composition of Swine
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A B S T R A C T  Pigs receiving 5% citrus pectin in the ration for 4 weeks had signifi­
cantly higher serum cholesterol, triglyceride and phospholipid levels, more backfat and 
higher liver cholesterol levels than pigs receiving the control ration. The addition of 
5% fat to the ration resulted in  significantly higher serum and hepatic cholesterol 
and increased backfat. The inclusion of 5% pectin plus 5 %  added fat in the ration 
caused a highly significant increase in  serum cholesterol, phospholipid and trigly­
cerides, hepatic cholesterol and backfat thickness compared with that of the animals 
fed either fat or pectin alone. There appeared to be a definite synergistic effect to 
the addition of both fat and pectin to the ration. The increases in serum and hepatic 
lipid levels noted as the result of feeding pectin to swine are exactly opposite to the 
hypocholesterolemic activity of this compound which has been reported in man and 
the rat.

Citrus pectin has been shown by Keys 
et al. (1 )  to possess a slight but statisti­
cally significant hypocholesterolemic ef­
fect when adm inistered to patients at a 
level of 15 g/day. Similarly, Wells and 
Ershoff (2 )  have reported that citrus 
pectin fed to male rats at a level of 5% 
of the diet was effective in  counteracting 
the increased plasm a and liver cholesterol 
levels induced by cholesterol feeding. Fur­
ther studies by these authors (3 )  indicated 
that pectin feeding had essentially no 
effect on plasm a and liver cholesterol 
levels in  the cholesterol-fed rabbit, guinea 
pig and ham ster.

Because of this apparent species dif­
ference in the effect of pectin on choles­
terol metabolism, it seemed worthwhile to 
study the influence of this compound on 
the lipid metabolism of swine since this 
anim al in m any ways resembles m an in 
nu trien t requirem ents and digestive physi­
ology. An additional objective of this study 
was to determ ine w hat effect pectin m ight 
have on counteracting the anticipated in ­
crease in  serum  and liver cholesterol re­
ported by several workers (4 -6 )  to result 
from the addition of fa t to swine rations.

MATERIALS AND METHODS
Twenty M innesota no. 3 weanling bar- 

row swine were allotted at random  to 4 
pens, each with identical feeding and

watering facilities. The 4 groups of 5 ani­
m als each were fed the rations shown in 
table 1. Pectin was added to rations C 
and D during the last 4 weeks of the 12- 
week feeding period. The com putation of 
net energy values is difficult because it is 
not known to w hat extent pectin contrib­
utes to the caloric content of the ration. 
It has been suggested that colon bacteria 
can hydrolyze the partially methoxylated 
polygalacturonic acid chain of pectin, 
form ing galacturonic acid and short-chain 
fatty  acids (7 ) . Since it has not been 
shown that appreciable absorption of these 
hydrolytic products occurs, no caloric 
value has been assigned to the 5% pectin 
added to rations C and D, although it is 
probable that pectin does make some small 
contribution to the net energy of the 
rations.

Body weights and blood samples via 
heart puncture were obtained initially and 
at 4, 8, 10 and 12 weeks. At the end of 
the experim ent all anim als were processed 
through the College m eats laboratory at 
which time blood, liver, fa t and muscle 
samples were obtained for lipid analysis, 
and the following carcass m easurem ents 
obtained: back fa t thickness, longissimus

R eceived  fo r  p u b lic a tio n  A u g u s t 24 , 1964.
1 A n im a l S c ience D e p a r tm e n t,  C a l ifo rn ia  S ta te  P o ly ­

te c h n ic  C ollege, P o m o n a , C a lifo rn ia .
2 B io ch em is try  D e p a r tm e n t,  S chool o f M ed ic in e , 

U n iv e rs ity  o f S o u th  D a k o ta , V e rm illio n , S o u th  D ak o ta .

J .  N u t r i t i o n . 85: ’65 145



1 4 6 H O M E R  D. FA U SC H  AND TH O M A S A. A N D ERSO N

TABLE 1

Composition of experimental rations

Control
(A)

Control + 
5% fat

(B)
Control + 

5% pectin 
(C)

Control + 
5% fat + 

5% pectin
(D )

% of % of % of % of
ration ration ration ration

Milo 69.5 62.8 62.8 57.4
Soybean m eal 7.0 7.8 7.8 8.0
Cottonseed m eal 7.0 7.9 7.9 8.1
Fish m eal 2.5 2.5 2.5 2.5
M olasses 5.0 5.0 5.0 5.0
Dehydrated alfa lfa  m eal 5.0 5.0 5.0 5.0
Trace m ineralized salt 1 0.5 0.5 0.5 0.5
Bentonite 2.0 2.0 2.0 2.0
Lim estone flour 0.5 0.5 0.5 0.5
Vitam in m ix 2 1.0 1.0 1.0 1.0
Citrus pectin — — 5.0 3 5.0 3
Hydrogenated vegetable oil — 5.0 — 5.0

Proxim ate analysis of diet
100.0 100.0 100.0 100.0

Crude protein, % 16.1 16.7 16.9 16.6
Ether extract, % 2.8 6.4 2.4 6.7

Estim ated net energy/kg feed, kcal 1591 1729 1505 1643

1 The percentage com position of the  trace  m ineralized  sa lt w as: N aCl, 96.7—98.9; and  n o t less th a n  
the  follow ing am ounts of the  rem ain in g  in g red ien ts w ere used: m anganese, 0.2; iron, 0.16; copper, 
0.033; cobalt, 0.01; iodine, 0.007; and  zinc, 0.005.

2 The v itam in  m ix  con tained  per 454 g: ( in  m illig ram s) v itam in  B 1 2 , 0.8; n iac in , 750; riboflavin, 
50; p an to then ic  acid, 250; choline, 5000; Chlortetracycline, 1000; bu ty la ted  hydroxy toluene, 5675; 
and  ( in  g ram s) ZnS 0 4 , 136.2; and  v itam in  A, 150,000 IU, and  v itam in  D3 , 150,000 IU.

3 C itrus pectin  w as added to the  ra tio n  the  las t fo u r w eeks of the  12-week feeding period. This 
m ate ria l was k indly  provided by Mr. G ran t Palm er, R esearch Division, Sunkist Growers, Corona. 
California.

dorsi area, ham  weight and percentage of 
dressing. Serum cholesterol was deter­
m ined according to the method of Pearson 
and associates (8 ) , tissue cholesterol by 
a modification of the technique of M ann
(9 ) , triglycerides by the method of Van 
Handel and Zilversmit (10 ) and phospho­
lipids according to the procedure of Zilver­
smit and Davis (11).

RESULTS AND DISCUSSION

The average initial serum cholesterol 
values between swine in the 4 pens were 
quite similar; however, by the eighth week 
the effect of feeding 5% added fa t in ra ­
tions B and D was becoming noticeable in 
a slight but nonsignificant increase in the 
serum  cholesterol of the pigs receiving 
these rations (table 2). This observation 
is in agreem ent with the work of Barnes 
et al. (4, 5) and Reiser et al. (6 )  who have 
dem onstrated an increase in  the serum 
and tissue cholesterol levels of swine fol­
lowing the addition of fa t to the ration. 
At the beginning of the eighth week citrus

pectin was added to rations C and D 
(table 1). Two weeks later the anim als 
receiving 5% pectin in the ration had sig­
nificantly higher serum cholesterol levels 
than  those pigs fed ration A (P  <  0 .01), 
with the pigs receiving fa t plus pectin 
showing a significantly higher serum cho­
lesterol level than  those pigs fed pectin 
alone (P < 0.01). At the end of the 12- 
week experim ental period, anim als re ­
ceiving the control ration had significantly 
lower serum cholesterol levels than  those 
in  any other treatm ent group (P  <  0.01). 
Feeding pectin had approximately the 
same effect on serum cholesterol levels as 
feeding 5% added fat. Feeding 5% added 
fat plus 5% pectin resulted in  a marked 
increase in  serum cholesterol compared 
with the effect of feeding 5% added fa t 
alone.

Serum triglyceride and phospholipid de­
term inations on blood taken at the time of 
slaughter indicated an almost identical 
pattern  to that of serum cholesterol levels 
(table 2 ). The pigs receiving pectin in
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TABLE 2

Influence of feeding citrus pect in  arid fa t  on serum and tissue lipid levels of swine

R ation
V ariable -V- ± -----------------------se of m ean

A B C D

Serum cholesterol, m g /100 m l
Initial 94
8 weeks 99
10 weeks 103
Final 91

Serum triglycerides, m g /1 0 0  m l 30.5
Serum phospholipids, m g /1 0 0  m l 76.0
Adipose tissue cholesterol, m g /g  0.269
Muscle cholesterol, m g /g  0.570
Liver cholesterol, m g /g  3.01
Liver triglycerides, m g /g  5.08
Liver phospholipids, m g /g  16.10

90 91 98 ± 6.3
108 100 107 9.7
112 122 141 ** 5.1
109 107 144 ** 6.6

32.5 41.0 47.3 ** 3.43
94.0 99.6 113.6 * ± 1 1 .1

0.260 0.241 0.269 0.0150
0.544 0.577 0.600 ± 0.0166
3.29 3.25 3.39 * 0.075
4.69 4.50 4.51 0.565

20.71 19.52 20.69 1.880

* P <  0.05.
** P <  0.01.

the ration, either alone or with 5% added 
fat, had significantly elevated serum tri­
glyceride and phospholipid levels com­
pared with those of the control anim als 
or with those of pigs fed 5% added fa t in 
the ration (P  <  0.01).

The response of tissue lipid levels to the 
various treatm ents was less pronounced. 
Adipose tissue and muscle cholesterol 
levels were unaffected by the inclusion of 
fa t or pectin in  the ration. Phospholipid 
and triglyceride determ inations were not 
made on these tissues.

The hepatic cholesterol level of the pigs 
receiving both pectin and fa t (ration D) 
was significantly greater than  that of the 
control anim als (P  <  0.05) but not signifi­
cantly different from pigs fed 5% added 
fa t or 5% pectin in the ration. No treat­
m ent differences were noted in the liver 
triglyceride or phospholipid levels.

Body composition was altered by the 
inclusion of fa t and pectin into the ration, 
although body weight gain, feed consum p­
tion and feed efficiency for the 4 treat­
m ent groups were essentially identical 
throughout the 12-week feeding period 
(table 3). M easurements of backfat thick­
ness closely paralleled the serum  lipid 
levels, with the pigs fed ration D having 
significantly thicker backfat than  those in 
any other treatm ent group (P  <  0.01) and 
the control anim als (ration A) having sig­
nificantly less backfat than  those in the 
other groups ( P < 0 .0 1 ) .  As noted with 
serum cholesterol the backfat of the pigs 
fed either 5% added fa t or 5% pectin did 
not differ significantly from each other. 
T anner (12 ) has reported a sim ilar rela­
tion between serum cholesterol and phy­
sique in young men, finding a statistically 
significant relationship between choles-

TABLE 3

Influence on feeding citrus pect in  and fa t  on body composition of swine

R ation
V ariable ------------ ------------------------------------------------- s e  o f  m e a n

A B c D

Body w eight, kg 
Initial 23.6 23.6 23.6 23.6 ± 0 .5 0
Final 100.2 103.0 99.3 99.3 ± 3 .3 6

Average daily gain, kg 0.93 0.94 0.90 0.90 ± 0 .0 1 4
Feed conversion, kg feed /k g  gain 3.54 3.46 3.76 3.55
Backfat thickness, mm 31.24 34.80 37.08 39.37 ** ± 0 .9 4 0
Longissimus dor si area, cm 2 23.35 22.45 22.84 20.13 ± 1 .3 6 0
Ham weight, kg 8.2 8.0 8.1 8.0 ± 0 .2 4
Dressing, % 72.9 74.3 73.8 74.4 ± 0 .5 7

** P <  0.01.
1 N ot applicable, pigs fed  in  groups of 5.
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terol level in  the blood and subscapu­
lar subcutaneous tissue thickness.

The longissimus dorsi area followed 
closely the pattern  of backfat thickness, 
with the leanest anim als (ration A) having 
the largest longissimus dorsi area and the 
fattest pigs (ration D) having the smallest. 
Although there was a 3.22-cm2 difference 
in  longissimus dorsi area between the con­
trol group and the pigs receiving ration D, 
the difference was not statistically sig­
nificant.

Pigs receiving fat in  the ration (rations 
B and D ) had slightly lighter ham s and 
a slightly higher percentage of dressing.

Taking into consideration the norm al 
biological variation usually noted in  a 
group of 20 anim als such as those used in 
this study, it is unusual that so m any 
param eters of lipid metabolism were so 
significantly altered by the treatm ents im ­
posed. This is particularly unexpected 
when the m arked effects of pectin feeding 
on lipid levels reported here are in  a direc­
tion exactly opposite to those reported 
previously in  m an (1 )  and rats (2 ) . It 
appears tha t although feeding pectin to 
swine increases the levels of serum and 
tissue lipids, the feeding of fa t plus pectin 
results in  a synergistic response m uch 
higher than  noted with the feeding of 
either fa t or pectin alone. The possibility 
that the differing calorie-protein ratios of 
the rations may have had some influence 
on the results of the experim ent does not 
appear to be significant, because the 2 
rations containing pectin (rations C and 
D ), which were fed for the last 4 weeks 
of the experim ent, actually had a lower 
energy-to-protein ratio than  comparable 
rations with no added pectin. The pigs 
receiving these lower energy rations m ight 
have been expected to be leaner and have 
lower serum  cholesterol levels than  ani­
mals fed ration B but the opposite effect 
was noted. The validity of this explanation, 
however, rests on the assum ption tha t pec­
tin does not make an appreciable contri­
bution to the energy content of rations 
C and D.

The results of this experim ent indicate 
that there is a definite species difference 
in  the effect of pectin on lipid metabolism.

Wells and Ershoff (3 )  suggest that the 
“anticholesterol” effect of pectin m ay be 
confined to nonherbivorous species since 
the ham ster, guinea pig and rabbit do not 
respond to pectin feeding by a lowering 
of serum  or liver cholesterol levels. These 
workers reported that the cholesterol-fed 
rabbit actually exhibited slight but non­
significant elevations in  plasm a and liver 
total cholesterol when fed 5% citrus pectin
(3 ) . Since the pig is an omnivore, it was 
thought tha t the response of lipid levels 
to the feeding of pectin, in  this anim al, 
would be sim ilar to that observed in  m an; 
however, the ra ther unexpected results of 
this study have shown this theory to be 
without foundation.

For pectin to exert such a divergent 
action on lipid metabolism, depending 
upon the species involved, suggests the 
need for fu ture investigations on the m ech­
anism  of action by which these species 
differences m ight be mediated.
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The Absence of Thyroid Hormones in a 
Growth Factor of Duodenal Powder * 1

C. J. ACKERMAN
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Blacksburg, Virginia

ABSTRACT  Three fractions prepared from  the acid-insoluble residue after acid 
hydrolysis o f duodenal powder were effective in  reinstating growth of growth-arrested, 
sulfaguanidine-fed rats. One fraction was studied more extensively than the others to 
determ ine whether the growth response to this fraction w as due to thyroxine or tri­
iodothyronine. The stability of this fraction to acid hydrolysis, its insolubility in  acid, 
its behavior on paper chromatograms and its failure to react w ith ninhydrin contrasted  
w ith the behavior of thyroxine or triiodothyronine. It was therefore concluded that 
duodenal powder contains an unidentified substance effective in reinstating growth of 
growth-arrested, goitrogen-fed rats.

Previous reports ( 1 ,2 )  have demon­
strated that dietary duodenal powder is 
effective in  reinstating growth of growth- 
arrested, goitrogen-fed rats. A water-solu­
ble fraction prepared from enzymatically 
hydrolyzed duodenal powder reinstated 
growth of growth-arrested thyroidecto- 
mized, hypophysectomized, sulfaguani­
dine-fed or thiouracil-fed rats (3). Although 
the data suggested that the observed 
growth responses were not due to thyroid 
hormones, unequivocal evidence for the 
presence or absence of thyroid hormones 
in this fraction was needed.

The present paper reports evidence that 
the growth response of growth-arrested sul­
faguanidine-fed rats produced by a frac­
tion obtained from duodenal powder is not 
due to thyroxine or triiodothyronine. In 
addition, certain observations suggest that 
more than one growth factor is present in 
duodenal powder.

EXPERIMENTAL

Materials and methods. “Active” duo­
denal powder, “inactive” duodenal powder, 
and thyroid powder (3 X USP) were ob­
tained from commercial sources.2 The 
“active” m aterial was the same m aterial 
as tha t used in  earlier experim ents (2 ) 
and when fed at a level of 4 g /100 g of 
diet, the 2-week growth response of 
growth-arrested, sulfaguanidine-fed rats 
was 39 to 49 g. Another preparation of 
duodenal powder which had no ability to 
reinstate growth was defined as “inactive.”

W hen tested under the same conditions as 
the active m aterial, the 2-week growth 
response to the inactive powder was — 1 to 
+  1 g /2  weeks. This m aterial was used 
as a diluent of thyroid powder and of tri­
iodothyronine to provide the same experi­
m ental conditions when the stability of 
thyroid hormones was being compared 
with that of the growth factor of the “ac­
tive” duodenal powder. L-Thyroxine (T 4) 
and 3, 5, 3'-triiodo-L-thyronine (T 3) were 
recrystallized from hot HC1 (4, 5 ); m p 231 
to 233° and 202 to 204°, respectively. 
These were dried over H2S04. All solvents 
were reagent or C.P. grade, but solvents 
used for paper chrom atography were dis­
tilled once. Acidified m ethanol: 9 5 m l of 
m ethanol plus 5 ml of 2 N  HC1; acidified 
acetone: 95 ml of acetone plus 5 ml of 
2 n  HC1.

Paper chromatography was conducted in 
the dark in  an all-glass chromatography 
ja r a t 5° (descending) unless otherwise 
specified. W hatm an 3 MM paper was used 
throughout these experiments. Three sol­
vents were used: solvent 1 , 0.1 n  HC1; 
solvent 2, m ethanol : 0.2 m  am m onium  
acetate adjusted to pH 4.5 with acetic acid 
(1 :1 ) ;  solvent 3, ace to n e :0 .2 m  am m o­
nium  acetate adjusted to pH 4.4 with

Received fo r p ub lica tion  A ugust 6, 1964.
1 Supported in  p a rt by a g ran t, G13165, from  the 
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Laboratories, O m aha, N ebraska . “Inactive” duodenal 
pow der w as a gift from  W ilson L aboratories, Chicago. 
T hyroid  pow der w as pu rchased  from  N u tritio n a l Bio­
chem icals Corporation, Cleveland.
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acetic acid (4 :6 ) .  The fractions obtained 
from duodenal powder were streaked 
evenly in  a band from  edge to edge be­
cause the nature of these fractions was 
such as to retard the solvent flow. W hen 
the samples were applied as spots or in 
bands shorter than  the width of the paper, 
the solvents tended to encircle, or by-pass 
the samples.

Iodinated compounds on the chrom ato­
grams were detected by the ceric sulfate- 
arsenious acid technique of Kono et al (6).

Growth - arrested, sulfaguanidine - fed 
m ale ra ts of the Sprague-Dawley strain
(2 )  were used for the growth assays. Such 
anim als m ay vary in  body weight from 
100 to 160 g, but their body weight gain is 
negligible after the fifth week of goitrogen 
feeding (2 ) . For example, 50 rats selected 
at random  from 600 ra ts so treated, gained 
an average of +  0.34 g  ±  2.98 ( s d )  in  2 
weeks. The m axim al gain of any ra t in 
this group was +  5 g /2  weeks (one ra t) . 
Therefore it was feasible to use one ra t 
per assay to assess qualitatively the growth 
activity of the various fractions. Unless 
otherwise specified, the sample to be as­
sayed (usually a m ethanolic solution) was 
mixed into 15 to 20 g of the diet contain­
ing sulfaguanidine (2 ) ,  air-dried for 3 to 
5 hours, and then fed ad libitum  to one 
ra t until it was consumed. Feeding of the 
usual sulfaguanidine-containing diet was 
then resumed, and the body weight gain 
at the end of 14 days was used to assess 
the potency of the growth factor in the 
sample tested.

Stability to HCl and NaOH hydrolysis. 
For these experim ents, a definite quantity 
of the m aterial to be assayed was fed to 
one ra t in  100 g of diet. This was con­
sumed in  11 to 12 days. The usual sulfa­
guanidine-containing diet was then fed for 
the rem ainder of the 14-day period. In 
this way, the effect of the growth factor 
in duodenal powder could be directly com­
pared with that of a definite quantity of 
thyroid powder or T 3. Also, the recovery 
of the growth factor or thyroid horm ones 
after acid hydrolysis could be evaluated by 
com paring the growth responses to the 
hydrolyzed samples with the growth re­
sponses to the samples before hydrolysis.

Active duodenal powder (12 g) mixed 
into 288 g of the sulfaguanidine diet was

assayed with 3 rats. Twenty-four grams 
of active duodenal powder were refluxed 
for 22 hours with 100 m l of 5 n  HCl. The 
cooled hydrolysate was filtered and the in ­
soluble residue was washed twice with 
10 ml of 1 n  HCl. One-half of this residue 
mixed into 300 g of diet was assayed with 
3 rats. The other half of the insoluble 
residue was refluxed with 8  m l of 2  n  

NaOH for 16 hours. The entire hydrolysate 
was neutralized with HCl, mixed into 300 
g of diet and assayed with 3 rats.

Three levels of thyroid powder, 135, 270 
and 405 mg, were each diluted to 36 g 
with “inactive” duodenal powder. These 
were then treated in  exactly the same way 
as was the active duodenal powder, 
nam ely, 12 g of the m ixture were assayed 
and 24 g were hydrolyzed with HCl as 
described above. Hydrolysis with NaOH 
was omitted. Thus, each ra t consumed 
100 g of diet containing 15, 30 or 45 mg 
of thyroid powder or the acid-insoluble 
fraction obtained from these quantities of 
thyroid powder. In addition to the above, 
315 mg of thyroid powder in 24 g of “inac­
tive” duodenal powder were hydrolyzed 
with HCl, washed and filtered as described 
above. One-half of the insoluble residue 
in  300 g of diet was assayed with 3 rats. 
Also, 30 ug of T3 were mixed with 36 g of 
inactive duodenal powder. Twelve grams 
in 288 g of diet were assayed with 3 rats 
(3.3 ug of T3/ra t ) .  Twenty-four grams 
were hydrolyzed with HCl, filtered, and 
one-half of the insoluble residue was as­
sayed as described above.

Preparation of the growth factors. Four 
hundred grams of active duodenal powder 
were refluxed for 22 hours in  3000 ml of 
5 n  HCl. The cooled hydrolysate was fil­
tered through paper and the acid-insoluble 
residue was air-dried for 16 hours and then 
extracted with acetone in Soxhlet extrac­
tors for 6 hours. An equal volume of ben­
zene was added to the acetone extract. 
This m ixture separated into 2 phases with 
a black precipitate at the interface. After 
separating the precipitate and the lower 
phase from  the benzene (u pper) phase, 
the benzene phase was washed 3 times 
with 30 ml of 10% aqueous acetone and 
then discarded.

All the washings and the insoluble 
m aterial were combined with the lower
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phase. This was evaporated to a black 
viscous oil at reduced pressure and then 
dissolved by adding 2 N NaOH until the 
pH was approximately 12. It was diluted 
to 2 liters with w ater and then filtered 
through paper. The insoluble m aterial was 
discarded. The filtrate was acidified to 
pH 1 with HC1, cooled to room tem perature 
and then filtered through paper. The acid- 
insoluble residue was again dissolved in 
NaOH and the solution was acidified to 
pH 5 with acetic acid. After filtering, the 
precipitate was air-dried for 16 hours and 
then extracted in  a Soxhlet extractor with 
95% ethanol for 6 hours. The amber 
alcohol extract was evaporated to dryness. 
The residue was dissolved in  100 ml of 
0.1 N  NaOH, which was then acidified to 
pH 10 with acetic acid, cooled overnight 
and filtered. The filtrate was acidified to 
pH 8 with acetic acid, cooled overnight 
and filtered. The pH 8 precipitate was dis­
solved in 100 ml of acidified m ethanol 
(fraction 1), and 2 ml were assayed with 
one rat.

After fraction 1 had been allowed to 
stand for one week at room tem perature 
in a well lighted room, evaporation of the 
m ethanol left a residue which was no 
longer completely soluble in  NaOH. There­
fore, the alkaline solution was acidified to 
pH 4 with acetic acid and extracted with 
an  equal volume of benzene, and 3 times 
with one-half volumes of benzene. One 
forty-ninth of this solution was assayed 
with one rat. Also, another aliquot in 
10 m l of m ethano l: acetate buffer, pH 5 
(1 :1 )  was heated for 10 m inutes in  a 
boiling w ater bath with 5 mg of ninhydrin. 
This was assayed with one rat.

After the pH 8 precipitate (fraction 1) 
was removed by filtration, the filtrate was 
adjusted to pH 6 with acetic acid, cooled 
overnight at 5° and then filtered. The red 
precipitate was extracted for 6 hours with 
m ethanol in  a Soxhlet extractor. This was 
fraction 2 in  a volume of 130 ml. W hen 
air-dried, 1 m l of this solution contained 
14 m g of an oily black residue. The final 
steps of the isolation procedure, beginning 
with the pH 5 precipitate, are illustrated 
in  figure 1. Also shown on figure 1 is the 
subsequent division of fraction 2 into 2 
active fractions, which was observed after

the tests described below were conducted 
on fraction 2.

Three m illiliters of the solution of frac­
tion 2 were effective in  reinstating growth 
of one growth-arrested rat. Therefore, m ul­
tiples of 3-ml aliquots of fraction 2 were 
treated as follows and then assayed with 
the appropriate num ber of ra ts so tha t the 
effect of the treatm ent could be evaluated 
by com paring the growth responses before 
and after treatm ent:

(a )  Two 3-ml aliquots were evaporated 
to dryness in  test tubes to which were 
added 2 m l of 2 n  NaOH and 1 m g of thi- 
ouracil as an  antioxidant (7 ) . The tubes 
were evacuated with a w ater aspirator and 
filled with nitrogen 3 times. The tubes 
were sealed and heated in  a boiling water 
bath for 16 hours. The hydrolysates were 
neutralized with HC1 and then assayed 
with 2 rats. This entire procedure was

iOLUBLE
ETHANOL EXTRACTED

ETHANOL 
"J" DRIED

RESIDUE
1. NaOH TO DISSOLVE
2. PH 10

j ” METHANOL

SOLUTION 
FRACTION 2

N PAPER 
E

1. DRIED C
2. BENZEb

INSOLUBLE 
J A CETONE

INSOLUBLE 
T a c e  TONE :HCIJ!

A Œ T O N F  :H C INSOLUBLE
T m e t h a n o l
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Fig. 1 A diagram of the preparation of Frac­
tions 1 and 2 from  the pH 5 precipitate which  
w as obtained from the acid-insoluble residue of 
acid-hydrolyzed duodenal powder. Further treat­
m ent of Fractions 1 and 2 resulted in  3 fractions 
(heavy  underline) w hich were effective in  re­
instating growth of growth-arrested, su lfaguani- 
dine-fed rats.
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repeated except that the evacuation and 
filling of the tubes with nitrogen were 
omitted.

(b )  Six m illiliters were diluted to 12 ml 
with m ethanol to which were added 50 mg 
of palladium  black. This was shaken for 
7 hours at room tem perature with hydro­
gen at a pressure of 2.8 k g /cm 2. The m eth­
anol was decanted and the palladium  was 
washed 3 times with 5 ml of acidified 
m ethanol. The m ethanol extracts were 
combined and assayed with 2 rats.

(c )  The growth response to 3 ml of 
fraction 2 was comparable to that pro­
duced by 5 ug of Ti3 or 3.3 ug of T3. These 
quantities are readily soluble in  dilute HC1
(8 )  and washing fraction 2 with HC1 may 
be expected to decrease its activity if these 
hormones are present. Therefore, 9 ml of 
fraction 2 were evaporated to dryness, and 
the residue was dissolved in  9 ml of 0.1 n  
KOH. To this was added 1 ml of 12 n  HC1. 
The precipitate was redissolved in  KOH 
and precipitated with acid 2 times, and 
the last HC1 solution, containing the pre­
cipitate, was extracted once with an equal 
volume of benzene. The yellow benzene 
and the acid extracts were discarded. The 
precipitate, dissolved in m ethanol, was as­
sayed with 3 rats.

(d )  If present in fraction 2, thyroid hor­
mones could be bound in  a form resistant 
to acid hydrolysis. To test this possibility 
and dem onstrate the solubility of thyroxine 
in HC1, 6 ml of fraction 2, and 6 ml of 
fraction 2 to which had been added 10 ug 
of T4, were evaporated to dryness in  sepa­
rate test tubes. These were hydrolyzed in 
4 m l of 2 n  NaOH as described in  experi­
m ent (a )  above. The alkaline hydrolysates 
were acidified to pH 1 with HC1 and cen­
trifuged. The precipitates were dissolved 
in  9 ml of 0.1 n  NaOH and reprecipitated 
with HC1. This was repeated once. The 
combined HC1 extracts and the insoluble 
precipitates were assayed with 2 rats for 
each fraction.

(e) Two 3-ml aliquots were each applied 
onto 2 large sheets of filter paper (56 X 47 
cm ) in bands 56-cm long (0.05 ml of sam- 
p le /cm ). On 2 separate strips 2-cm wide, 
2 ug of T4 and 2 ug of T 3 in  0.11 ml of 
fraction 2 were applied in  bands 2-cm 
wide. The chrom atogram s were developed 
with solvent 1 at room tem perature for 16

hours. The T4 and T3 were located on the 
narrow  strips with ceric sulfate-arsenious 
acid.

The narrow  orange bands at the origin 
of the large chrom atogram s were cut off, 
eluted with m ethanol in  Soxhlet extractors 
for 3 hours and the m ethanol extracts were 
assayed with 2 rats. The rem ainder of the 
chrom atogram s (R/ 0.03 to 1.0) were also 
eluted with m ethanol and the extracts 
were assayed with 2 rats. This procedure 
was repeated except that 10 ug of T4 were 
co-chromatographed with 6 ml of fraction 
2 to dem onstrate that the growth factor 
could be separated from thyroid hormones 
in  this m anner.

( f )  Experim ent (e )  was repeated ex­
cept that the chromatogram s were devel­
oped with solvent 2 and then divided into 
4 sections each of which were eluted with 
acidified m ethanol. The extracts were as­
sayed with 2 ra ts each.

(g ) Three m illiliters on filter paper in 
a band 32-cm wide were developed with 
solvent 3. Three sections of the chrom ato­
gram were extracted and each extract was 
assayed with one rat.

(h )  Three milliliters in  a band 32-cm 
wide on filter paper were developed with 
solvent 3. The section R/ 0.85 to 1.0 was 
sprayed on both sides with 0.3% ninhy- 
drin in  acetone. W hen the paper had 
dried, it was again sprayed on both sides 
with ninhydrin and then allowed to stand 
20 hours at room tem perature. The sec­
tion R/ 0.85 to 1.0 was cut off, eluted 
with acidified m ethanol, and the extract 
was assayed with one rat.

( i )  The residue from 3 m l was dis­
solved in  m ethano l:0.1 n  acetate buffer, 
pH 5 ( 1 : 1 ) .  To this were added 5 m g of 
ninhydrin which was heated for 10 m in­
utes in  a boiling water bath. The red solu­
tion was assayed with one rat.

( j )  Fifteen m icrogram s of T4 on filter 
paper (10 X 5 cm ) were treated with 
ninhydrin as described above (exp. ( h ) ) .  
The paper was extracted with acidified m e­
thanol which was then assayed with one 
rat. Also, 400 ug of T4 treated with ninhy­
drin as described in  experim ent ( i )  above, 
were assayed with 2 rats.

(k ) After drying 15 m l of fraction 2 on 
filter paper (10 X 15 cm ), the paper was

3 U npublished  experim ents.
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extracted for 3 hours with benzene in  a 
Soxhlet extractor. The benzene was re­
moved and when the paper was air-dried, 
it was extracted with acetone for 3 hours. 
This was followed by a 3-hour extraction 
with acidified acetone and finally by a 3- 
hour extraction with methanol. Two-fifths 
of each extract were assayed with 2 rats 
each. The preparation of these fractions 
is illustrated in  figure 1.

RESULTS

Because of the limited num ber of rats 
used in  the experim ent sum m arized in 
table 1, it was not intended to quantita­
tively assess the growth response to duo­
denal powder, thyroid powder or T3. How­
ever, the results show tha t 4 g of duodenal 
powder produced a growth response ap­
proximately equivalent to that produced by 
15 mg of thyroid powder (3 X USP) or 3.3 
ng of T3. If duodenal powder contained 
thyroid hormones in am ounts 3 times that 
am ount present in 15 mg of thyroid pow­
der, they would not be recovered in  the 
acid-insoluble residue after acid hydrolysis. 
The acid-insoluble residue from 45 mg of 
thyroid powder produced little, if any, 
growth response, whereas the acid-insolu­
ble residue from 4 g of duodenal powder 
produced a growth response almost equiva­
lent to that of the untreated duodenal pow­
der. The acid-insoluble residue from the 
higher level of thyroid powder (52 m g) 
did retain  some ability to reinstate growth 
but triiodothyronine at the level tested, 
was not recovered after acid hydrolysis.

The growth factor in the acid-insoluble 
residue obtained from  active duodenal 
powder was partially destroyed by NaOH 
hydrolysis. The growth response of 3 ra ts to 
the alkaline hydrolysate ( see Experim ental 
section) was 15, 19 and 22 g /2  weeks. 
Since the acid-insoluble residues obtained 
from thyroid powder were inactive, NaOH 
hydrolysis of these fractions was omitted.

After acid hydrolysis of active duodenal 
powder, 2 fractions effective in  reinstating 
growth were recovered from the acid-in- 
soluble residue. Table 2 summarizes the 
growth response to these fractions before 
and after various treatm ents. Fraction 1 
(precipitated at pH 8) became soluble in  
benzene (fig. 1) and this fraction lost its 
ability to reinstate growth after it had been 
treated with ninhydrin. Further work on 
this fraction will not be reported here. 
Em phasis was placed on fraction 2 (the  
pH 6 precipitate) to determine whether the 
growth response produced by this fraction 
was caused by thyroid hormones.

The instability of the growth factor to 
alkaline hydrolysis suggested a method for 
distinguishing the growth factor from the 
thyroid horm ones which are relatively 
stable to alkaline hydrolysis under the 
proper conditions. However, fraction 2 
was stable to alkaline hydrolysis when air 
was excluded although it lost all activity 
when air was present (table 2, ( a ) ) .  This, 
and its instability to catalytic reduction 
(table 2, ( b ) )  did not distinguish the 
growth factor from the thyroid hormones.

TABLE 1
Growth response of grow th -arrested1 rats to acid-hydrolyzed duodenal powder,  

thyroid pow der  and tri iodothyronine

Sample fed/rat
Untreated

Results 2
HCl-hydrolyzed 
acid-insoluble 3

g/2 weeks g/2weeks
4 g duodenum 3 9 ,4 0 ,4 5 32, 36, 38
15 m g Thyroid powder 4 40, 44, 49 0, 2, 3
30 m g Thyroid powder 4 4 8 ,4 9 , 51 2, 2, 5
45 m g Thyroid powder 4 44, 53, 59 6, 8, 10
52 m g Thyroid powder 4 — 15, 23, 25
3.3 p g Triiodothyronine 4 36, 4 4 ,4 7 0, 3, 4

1 No ra t  gained m ore th a n  4 g in  the 2 w eeks p rio r to these experim ents.
2 E ach value represen ts the  body w eight ga in  of one ra t  th a t  h ad  been fed th e  ind ica ted  sam ple 

in  100 g of diet.
3 The acid-insoluble residue a fte r  duodenal powder, or thyro id  pow der m ixed w ith  “in ac tiv e” 

duodenal powder, w as boiled fo r 22 hou rs w ith  5 n  HC1.
4 Thyroid pow der and  triiodo thyron ine d ilu ted  w ith  an  inactive  p rep ara tio n  of duodenal powder, 

were m ixed in to  the su lfaguan id ine-con ta in ing  diet. T his w as consum ed in  11 to 12 days.
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However, little growth activity was lost 
after extraction of fraction 2 with HC1 and 
benzene (table 2, ( c ) )  and it was con­
cluded that neither T4 nor T3 was present 
in a free form. That neither T4 nor T3 were 
present in  a bound form was dem onstrated 
when alkaline hydrolysis, and washing 
with acid failed to decrease the growth ac­
tivity of the acid-insoluble residue (table 
2, ( d ) ) .  Thyroxine added to this fraction 
before alkaline hydrolysis was recovered in 
the acid-soluble extract, dem onstrating 
that it would have been removed from 
fraction 2 if it had been present.

That the growth factor differs from T4 
and T3 was also dem onstrated by paper 
chromatography. After 16 hours’ develop­
m ent with solvent 1, the solvent front had 
moved off the end of the paper, but T4 and 
T3 had moved 20 and 33 cm, respectively, 
from the origin (fig. 2 ). However, the R, 
of the growth factor was zero, and 10 ug 
of T.i co-chromatographed with fraction 2 
were recovered in  the area R/ 0.03 to 1.0 
(table 2, ( e ) ) .

W ith solvent 2, the R, of the growth 
factor was again zero and T4 added to frac­
tion 2 was recovered in R, section 0.3 to 
0.65 (fig. 2 and table 2, ( f ) ) .

W hen fraction 2 was developed on paper 
chrom atogram s with solvent 3, an orange 
band moved with the solvent front, and 
this contained all of the growth activity of 
the sample (table 2, ( g ) ) .  The R/s of T4 
and T3 with this solvent were 0.80 and 
0.85, respectively, but when another chro­
m atogram  developed with this solvent was 
sprayed with ninhydrin, the growth re­
sponse (table 2, ( h ) )  indicated that the 
growth factor was neither T4 nor T3, and 
the growth factor probably contains no 
free amino group. The reaction with n in ­
hydrin was tested again by treating frac­
tion 2 in  solution with ninhydrin (table 
2 ( i ) ) ,  and again the growth response in ­
dicated that the growth factor was neither 
T4 nor T3. Large excesses of T4 on paper 
or in  solution were readily destroyed by 
ninhydrin (table 2, ( j ) ) .

As shown in figure 1 further purification 
of fraction 2 by extraction with various sol­
vents produced 2 additional active frac­
tions (table 2 ( k ) ) .  The benzene extract 
was yellow but inactive. The acetone ex­
tract was a bright yellow solution and

elicited a growth response somewhat 
weaker than that of the original sample. 
It was sufficiently pure to be applied in a 
band 3.5-cm wide on a paper chrom ato­
gram, and when developed with solvent 2, 
no iodine could be detected (fig. 2 ). The 
acetone: HC1 extract produced a growth re­
sponse comparable to that of the original 
sample, but it could not be chrom ato­
graphed in a sufficiently small area to de­
termine whether iodine was present in this 
fraction. A weak response was also ob­
tained with the m ethanol extract. It was 
observed that the sum of the growth ef­
fects produced by the separate fractions 
was greater than that of the original sam ­
ple, which suggested that 2 active sub­
stances were present in  fraction 2.

DISCUSSION

That more than  one fraction, capable of 
reinstating growth of growth-arrested rats, 
was present in duodenal powder was re-

Fig. 2 Paper chromatograms of Fraction 2, 
thyroxine and of triiodothyronine. Solvent front: 
the top edge of the paper except as indicated. 0: 
origin. The growth factor rem ained at the origin 
of all chromatograms shown. 1. Thyroxine  
(2  /rg) co-chromatographed w ith 0.11 m l of Frac­
tion 2 using solvent 1 (0 .1  N HC1), 16 hours. 2. 
Triiodothyronine (2  f i g )  co-chromatographed 
with 0.11 m l of Fraction 2 using solvent 1, 16 
hours. The solvent front of 1 and 2 is beyond 
the top edge of these strips. Residual chloride 
from the solvent also reacted w ith ceric sulfate- 
arsenious acid (6 )  and produced a streaked, m ot­
tled appearance on 1 and 2. 3. Thyroxine (2  f i g )  
co-chromatographed w ith 0.15 m l of Fraction 2 
using solvent 2 (m ethanol:0.2 m am m onium  ace­
tate, pH 4.5; 1:1). The slower m oving substance 
is thyroxine. The origin and the 3 sections ind i­
cated by the horizontal lines to the right of this 
chromatogram, were those w hich were cut out, 
eluted and assayed as described in the text ( also 
table 2, ( f ) ). 4. This is the im age of chrom ato­
gram 3. By the technique of Kono et al. ( 6 ) ,  the 
chromatogram, pressed onto another strip of paper 
saturated w ith ceric sulfate-arsenious acid, leaves 
an im age of all iodinated com pounds on this 
paper. The band at the origin w hich is in  reality  
orange, leaves no im age, thus dem onstrating the 
absence of detectable am ounts of iodine at the 
origin. This w as also true of chrom atogram s 1 
and 2. 5. The acetone extract of Fraction 2
(table 2, ( k ) )  developed w ith solvent 2. 6. The 
im age of a chromatogram on w hich 1 fig o f tri­
iodothyronine was co-chromatographed w ith the 
acetone extract of Fraction 2 using solvent 2. 
The band at the origin (as seen on 5 ) w as again  
not detectable indicating that the band at the 
origin does not contain iodine.
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TABLE 2

Growth response of growth-arrested 1 rats to the growth factors of duodenal powder  
and to thyroxine after various treatments

Treatment Growth 
factor 

with T4 3

Results 2
Growth 
factor 

without T4

Without
growth
factor

g gained/2 ggained/2 g gained/2
weeks weeks weeks

Assay of fraction 1 (2  m l assayed /rat)
None 32
Benzene extract of fraction 1 27
Benzene extract plus 5 m g of ninhydrin 5

Assay of fraction 2 ( 3  m l assayed /rat)
None 40, 43
( a ) NaOH hydrolysis under nitrogen 3 8 ,3 9

NaOH hydrolysis under air 0, 4
(b )  Reduced w ith  hydrogen-palladium m inus 2, 4
( c ) Extracted w ith HC1 and benzene 32, 35, 40
(d )  NaOH hydrolysis under nitrogen 4

HCl-soluble 2 2 , 26 m inus 2, m inus 3
HCl-insoluble 3 2 ,3 6 3 4 ,4 1

( e )  Paper chromatography, solvent 1 5
Rf 0.0 39,43 3 5 ,3 8
Rr 0 .03-1 .0 2 9 ,3 3 10 , 12

( f ) Paper chromatography, solvent 2 6
Rr 0.0 34, 38 40, 42
Rr 0.05-0 .3 9, 14 3, 8
Rt 0 .3-0 .65 33, 37 8 , 8
Rr 0 .65-1 .0 0, 1 3, 4

(g )  Paper chromatography, solvent 3 7
Rt 0.0 3
Rr 0 .0-0 .85 0
Rr 0 .85-1 .0 45

( h )  Paper chromatography, solvent 3
Rr 0.85—1.0 sprayed w ith ninhydrin 30

( i )  Heated in  solution w ith ninhydrin 33

Assay of thyroxine
( j )  15 Mg of T4 on filter paper sprayed w ith ninhydrin 2 ,4

400 Mg of T4 heated in solution w ith ninhydrin 7 ,9

Assay of extracts o f fraction 2 8
(k )  Benzene extract m inus 2, 1

Acetone extract 23, 27
Acetone-HCl extract 38, 40
M ethanol extract 10, 15

1 No ra t  h ad  gained m ore th an  5 g du ring  the 2 weeks prior to its use in  an  assay.
2 E ach value represents the  2 week body w eight gain  of one ra t w hich h ad  been fed the sam ple 

trea ted  as ind icated . For each ra t, the  sam ple w as m ixed in to  15-20 g of the  su lfaguan id ine- 
con ta in ing  d iet and th is w as fed u n til it  w as consum ed. The su lfaquan id ine-con ta in ing  diet w as 
th en  fed fo r the  rem ainder of the  2-week period. The quan tity  of sam ple used for each trea tm en t 
w as equal to th a t of the un trea ted  sam ple so th a t the response to the  treated  sam ple m ay be 
com pared to th a t before trea tm ent.

3 T 4 : L-thyroxine.
4 Six m illilite rs of frac tio n  2 were hydrolyzed w ith  and  w ithou t 10 gg of T4 . Upon acidification, 

each of the  soluble and insoluble frac tions w as m ixed in to  40 g of diet w hich  w as divided into 
2 parts  and  assayed w ith  2 rats.

5 Six m illilite rs of frac tio n  2 , w ith  an d  w ithou t 10 \xg of T 4 , were developed on paper w ith
0.1 n  HC1 a t 26°. T he ind ica ted  Rf sections w ere cu t out, ex tracted  and  assayed w ith  2 rats.

6 Six m illilite rs of frac tio n  2, w ith  and  w ithou t 10 Mg of T,i, were developed on pap er w ith
m e th a n o l:0.2 m  am m onium  acetate at pH 4.5 (1 :1 )  a t 5°. The ind icated  Rf sections w ere cu t out, 
ex trac ted  and  assayed w ith  2 rats.

7 Three m illilite rs of frac tion  2 were developed on paper w ith  acetone:0.2 m  am m onium  acetate 
a t pH 4.4 (4 :6 )  a t 5°. The ind ica ted  Rf sections w ere cu t out, ex tracted  and assayed.

8 F ifteen  m illilite rs of frac tion  2 were dried  on filter paper and th en  extracted  as indicated . 
Two-fifths of each ex trac t were assayed w ith  2 rats.
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ported briefly elsewhere.4 The data pre­
sented in this report indicate that 3 active 
fractions were separated from the acid-in­
soluble residue of duodenal powder after 
acid hydrolysis. These were a fraction in ­
soluble at pH 8 and 2 fractions separated 
from a fraction that was insoluble at pH
6. The possibility exists that these growth 
factors are chemically modified forms of 
the same active agent although num erous 
attem pts to isolate a growth factor from 
duodenal powder has consistently pro­
duced from 3 to 5 active fractions depend­
ing on the procedure or technique used.

It was concluded that fraction 2 con­
tained neither thyroxine nor triiodothyro­
nine. The stability of the growth factors 
in  this fraction to acid hydrolysis is strong 
evidence to support this conclusion. Haga
(9 ) reported that 86% of L-thyroxine was 
decomposed by boiling with HC1 for 12 
hours, and this decomposition was ac­
celerated if carbonyl compounds such as 
glucose or xylose were present. The more 
drastic conditions (5 n  HC1 for 22 hours) 
used here and filtration of the acid hy­
drolysate would be expected to remove 
most, if not all, thyroid hormones from the 
acid-insoluble residue. More conclusively, 
the R, of the growth factors in fraction 2 
on paper chromatogram s differed from 
that of the thyroid hormones. In addition, 
ninhydrin did not destroy the growth fac­
tors as it did thyroxine.

The metabolic significance and the rela­
tionship of the growth factors in duodenal

tissue to thyroid hormone function re­
m ains to be determined.
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ABSTRACT  The application of standard bioassay procedures for the evaluation of 
the nutritive value of proteins w ith growing rats has been exam ined. The slope-ratio 
technique using gain as the response and nitrogen intake as the m easure of dose 
appears to be m ost satisfactory. The “relative growth index” is proposed as a satis­
factory m easure of nutritive value, this being the slope of the regression between dose 
and response expressed as a percentage of the slope obtained w ith a protein of m axi­
m al nutritive value. It seem s apparent that biological value of rather poor quality 
proteins recorded in  the literature overestim ates the nutritive value of proteins for 
growing rats. The biological value of w heat gluten, for exam ple, is recorded as 40, 
whereas it  appears to have a relative growth index of only 20. Since estim ates of 
protein requirem ents involve the use of biological values, current estim ates m ay be 
too low. The need for accurate and appropriate estim ates of the nutritive value of 
proteins is stressed. The inadequacies of protein efficiency ratio and its variants as a 
bioassay are em phasized.

There are basically two biologic proce­
dures in  common use for the evaluation 
of the nutritive value of proteins. Bio­
logical value as determ ined by the method 
of Thom as (1 )  as modified by Mitchell
(2 )  and Mitchell and Carmen (3 )  is de­
fined as the “percentage of absorbed nitro­
gen retained” and is generally considered 
the method of choice. Justification of the 
value or correctness of chemical score (4) 
or protein score (5 )  was inferred from 
the correlation between biological value 
and the computed values. Biological value 
can be determ ined only when the anim al 
is depleted of nitrogen and the intake of 
protein is low so that the anim al is in 
negative nitrogen balance or near balance. 
The “nitrogen balance index” of Allison 
and co-workers (6 ) is a modification of 
this method.

The other m ethod is the protein effi­
ciency ratio originally proposed by Os­
borne and co-workers (7 ) .  In this method 
the gain per gram of protein eaten is com­
puted in  young rats fed diets in which 
protein is limiting, usually 9 to 10% of 
the diet. This method has been criticized 
(8 )  since the protein efficiency ratio is 
highly correlated with weight gain. The 
protein efficiency ratio is thus not charac­
teristic of the protein but of the rate of

gain of the anim als consum ing the diet. 
The protein efficiency ratio is also not a 
true m easure of efficiency since not all the 
protein is utilized for growth. The recent 
development of net protein utilization (9 ) 
attem pts to account, a t least in part, 
for the m aintenance requirem ent by the 
inclusion of a negative control fed no 
protein.

The purpose of a biologic assay is to 
determ ine the relative potency of some 
test m aterial compared with a standard. 
It is im portant to stress this fact since, 
otherwise, it is known only that the pro­
teins tested have a different nutritive 
value. It is generally believed that bio­
logical value does this. If so, when the 
requirem ent for one protein is known, the 
requirem ent for other proteins can be 
computed (10) .  This is the procedure 
adapted by the Expert Committee on Pro­
tein Requirem ents of FAO (5 )  and the 
Committee on Amino Acids of the NRC
(1 1 ). It forms the basis of the recom ­
m ended dietary allowances for protein of 
the NRC (12) .  Similar use cannot be

Received fo r pub lica tion  A ugust 31, 1964.
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D epartm ent of N u tritio n , H arvard  School of Public 
H ealth .
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m ade of protein efficiency ratio values and 
the equivalent protein content of foods 
cannot be estimated.

The principles involved in  the develop­
m ent and execution of satisfactory bio­
assays have been thoroughly discussed
(1 3 ). Some function m ust be developed 
which yields a linear regression between 
dose and response. This m ay require tran s­
form ation of either the m easure of dose or 
of response or both. In the m ost common 
assays the log dose-response curve is linear 
and the curves for the standard  and un ­
known m ust be parallel. The slope-ratio 
technique has been developed for assays 
in  which parallel regression lines are not 
obtained. For the satisfactory application 
of this technique, the regression lines m ust 
be linear and have a common origin.

In all adequate bioassays, a standard 
m ust be run  with the unknown and com­
parisons between the standard and un ­
known should be m ade at equally effective 
doses. This is emphasized because it is 
rarely done in protein assays. The neces­
sity for it will be apparent from the dis­
cussion.

As m any as 1,500 investigations have 
been reported dealing with the nutritive 
value of proteins (14) .  Most of these 
studies have dealt with protein efficiency 
ratio. It is not unfa ir to say that the pro­
tein efficiency ratio has none of the char­
acteristics of a good bioassay. The rela­
tionship between dose and response is 
complex and ill-defined, and those of 
different proteins are certainly not parallel. 
The assay is often carried out without a 
standard. Comparisons are m ade at equal 
doses of the test protein ra ther than  at 
equal responses. Perhaps the best that 
can be said of the protein efficiency ratio 
is that it distinguishes a difference be­
tween proteins, is simple to carry out, and 
has been in use for a long time.

The assessm ent of the nutritive value of 
proteins by growing ra ts has progressed 
little beyond the contribution of Osborne 
and co-workers (7) .  Similar techniques 
applied to vitam ins were discarded long 
ago and biostatisticians have evaluated 
critically nearly every conceivable vitam in 
assay (13, 15). On the other hand, both 
nutritionists and statisticians have for all 
practical purposes ignored the problems

involved in  the evaluation of protein qual­
ity. For example, the recent publication, 
“Evaluation of Protein Quality” (16)  fails 
to m ention even the principles involved in 
satisfactory bioassays or their application 
to the assessm ent of protein quality. Other 
recent publications (17, 18) have also 
dealt almost entirely with the reproduci­
bility of the protein efficiency ratio ra ther 
than  its inherent limitations.

The data presented in  this paper were 
obtained for another purpose. The experi­
m ental conditions were not ideal since the 
several assays were carried out at different 
times. Nevertheless these observations 
dem onstrate the inadequacies of current 
methods and suggest more appropriate 
procedures. Also these results point up 
the possible unreliability of biological 
value as a m easure of the relative n u tri­
tive value of proteins, as well as of the 
inadequacy of the procedures used to de­
rive protein requirem ents.

EXPERIMENTAL

Four experim ents were carried out over 
a period of several months. Each experi­
m ent used 7 groups of weanling m ale rats 
of the Sprague-Dawley strain  that were 
fed at graded levels of protein. There were 
6 anim als per group in 3 of the experi­
m ents, 5 anim als per group in  the other. 
The protein replaced cornstarch in the 
diets so the diets were isocaloric. The diets 
contained 8% fa t,2 4% salt m ixture,3 2% 
cod liver oil, 1% of a vitam in mix 4 and 
the rem ainder was cornstarch or the pro­
tein being tested. The anim als received 
these diets over a 3-week period during 
which time the food consum ption was 
m easured and the anim als were weighed 
weekly. The proteins studied were lactal- 
bum in, casein, soy protein, and wheat 
gluten.5

During the third week of the study the 
feces were collected and analyzed for nitro­
gen by the micro-Kjeldahl method. Pro­
tein sources were analyzed in  a like m an ­

2 H ydrogenated cottonseed oil (C risco, P roc ter and  
Gam ble, C in c in n a ti) .

3 USP m ix tu re  XIV.
4 Supplied: (m g /k g  of ra tio n )  th iam in e , 5; pyri- 

doxine, 5; m enadione, 5; cobalam in  concen tra te  (3  
m g /g ) ,  5; riboflavin, 10; p-am inobenzoic acid, 10; 
n ico tin ic  acid, 20; Ca pan to th en a te , 20; d-a-tocopheryl 
succinate, 75; folic acid, 5.5; b iotin , 0.3; inosito l, 
400; an d  choline chloride, 1,000.

5 N u tritio n a l B iochem icals Corporation, Cleveland.
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ner, with the protein calculated as N X 
6.25. At the end of the experim ental 
period the anim als were killed with ether, 
and each whole carcass was placed in  a 
sealed ja r  containing 300 ml of 6 n  HC1 
and autoclaved 3 hours at 120°. The solu­
tion was extracted once with ether to re ­
move fa t and diluted to one liter. Aliquots 
were taken for nitrogen analysis. The 
total carcass nitrogen in  4 weanling rats, 
killed at the start of each experim ent, was 
obtained. D ata were also obtained upon a 
group of anim als fed a nitrogen-free diet 
for 3 weeks.

RESULTS
The levels of protein studied, the n itro­

gen intake, and the resulting weight gains 
are shown in table 1. The calculated pro­
tein efficiency ratio values are also shown. 
Figures 1 and 2 are presented to dem ­
onstrate fu rther the inconsistency inher­
ent in  the use of the protein efficiency 
ratio. By this method the relative activity 
of different proteins is determ ined by the 
level of protein included in  the diet. The 
relative potency of the 4 proteins at 10% 
in the diet, considering album in as 100, 
are 68 for casein, 32 for soy protein, and 
approximately zero for gluten (fig. 1). At 
20% protein in the diet, the relative val­
ues are: album in, 100; casein, 93; soy 
protein, 48; and gluten, 16. W hether there 
is any particular m erit in  obtaining values 
at the 10% dietary level is problematical. 
Similarly the suggestion that m axim al val­
ues be compared is of unknown useful­
ness and impossible in  practice.

Log dose-response assay. The log dose- 
response curves with gain as the response 6 
are shown in  figures 3 and 4. The sigmoid 
nature of these curves is apparent. In­
spection indicates however that the cen­
tral portions of these curves m ay be nearly 
linear and parallel. The elim ination of 
points which are above or below the linear 
portion of the curve is necessary in  evalu­
ating bioassays since it is recognized that 
the curves are never linear indefinitely. 
Some prior knowledge of the approximate 
activity is in  fact required in  order to 
establish a satisfactory assay, and levels 
outside the range of the assay m ust be 
eliminated.

The covariance analysis of Finney (1 3 ) 
was applied. Five dosage levels for each of

the proteins were included in  the analysis. 
The more points th a t can be used, the 
greater is the stability of the regression 
lines, and the more discrim inating the as­
say will be. W ith repetition of the assay, 
more appropriate levels could have been 
selected than  those which were chosen in 
this instance.

W hen log % protein was used as the 
m easure of dose, the departure of the re ­
gression lines from  linearity is highly sig­
nificant (P  <  0.01). Inspection of figure 3 
dem onstrates that this is largely due to the 
curve obtained with casein. Also the re ­
gression lines are not parallel (P  <  0.01). 
The data for casein and gluten are differ­
ent in  this respect.

W hen the data were treated as log N in ­
take, the regression lines did not depart 
significantly from linearity, (P >  0.10), but 
again are not parallel (P  <  0.01). Inspec­
tion of figure 4 shows that this latter ob­
servation is undoubtedly due prim arily to 
the data obtained with gluten.

The data fail to m eet the requirem ents 
of an ideal assay, although the log N in ­
take is a more satisfactory m etam eter of 
dose than  log % protein, as m ight be ex­
pected. The departure from  parallelism  
m eans that the relative potency depends 
somewhat upon the levels at which protein 
was fed. W hether the data obtained with 
gluten are typical of very poor quality pro­
teins or only representative of some unus­
ual occurrence in  this particuular study, 
can only be determ ined by additional evi­
dence. The calculated relative potencies 
(table 2 ) are not entirely correct in  view 
of the failure of the data to fulfill the re­
quirem ents of an entirely satisfactory as­
say. They are presented, nevertheless, 
since they are at least reasonable esti­
mates.

Slope-ratio assay. In the slope-ratio as­
say the potency is proportional to the 
slopes of the regression lines relating dose 
and response. In figures 5 and 6 the gain

6 The o rig ina l purpose of these stud ies w as to in ­
vestiga te the  efficiency of n itrogen  u tiliza tio n  a t differ­
en t levels of in take , p a rticu la rly  as m ax im al grow th 
is approached. Knowledge of th is is im p o rtan t in  
a ttem pting  to arrive a t p roper estim ates of pro tein  
requ irem en ts (see H egsted (2 6 ) )  an d  w ill be d is­
cussed in  ano ther publication . Total body n itrogen  
or n itrogen  re ten tio n  m igh t have been used as the  
m etam eter of response ra th e r  th a n  body w eight. The 
m erit of th is is n o t obvious from  a  p re lim in ary  exam ­
in a tio n  of the d a ta  an d  it  is  d oub tfu l th a t  i t  is 
w orthw hile  in  rou tin e  assays.



1 6 2 D. M . H E G STE D  AND YET-OY CHANG

TABLE 1
Sum m ary  of experim ental  data

Protein
fed

Protein 
level 

in d ie t1
Nitrogen

intake Wt gain PER2

% 9 / day 9
Lactalbum in 2.21 0.0190 - 6 . 5 —

3.69 0.0469 18.3 3.0
5.16 0.0864 44.7 3.94
7.38 0.1630 89.0 4.12
9.59 0.1940 92.7 3.62

11.80 0.2297 109.5 3.62
14.75 0.3086 111.7 2.75

Casein 3.47 0.0271 - 3 . 3 —

6.08 0.0566 13.3 1.79
8.69 0.1132 41.8 2.80

12.16 0.2247 87.5 2.97
15.64 0.2963 116.7 3.0
19.11 0.3532 125.5 2.71
26.06 0.4817 138.5 2.19

Soy protein 8.51 0.1561 27.0 1.32
11.92 0.2463 48.8 1.52
15.32 0.3748 75.8 1.53
18.73 0.4661 86.2 1.40
25.54 0.6143 106.8 1.32
34.05 0.8255 114.2 1.06
42.56 0.9950 116.4 0.68

W heat gluten 11.38 0.1123 3.2 0.22
14.63 0.1693 8.3 0.42
17.88 0.2206 16.7 0.62
21.13 0.2925 28.3 0.73
24.38 0.3550 30.7 0.66
32.50 0.6061 54.7 0.69
40.63 0.7169 64.3 0.69

None — — - 1 6 .0 —
1 Nitrogen x 6.25.
2 Protein efficiency ratio.
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Fig. 1 Protein efficiency ratio versus % die­
tary protein. Lactalbum in, casein , soy protein, 
and w heat gluten are identified as A, C, S, and G.

Fig. 2 Protein efficiency ratio versus nitrogen  
intake. Proteins identified as in  figure 1.
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in weight of each group has been plotted 
with the 2 m etam eters of dosage, percent­
age of dietary protein, and nitrogen in ­
take. The linear regression lines were cal­
culated using the first 5 or 6 groups which

appear to be linear or nearly so. The data 
from the group fed the protein-free diet 
were included in  calculating each line. 
The characteristics of the regression equa­
tions are shown in table 3.

140-

1 2 0 -

« 1 0 0 -
<
tr
u 8 0 -

<
« 6 0 -

4 0 -

2 0 -

0 -

--1-------------------1____________ I____________ I____________ I____________ I____________ I_
0.4 0.6 0.8 1.0 1.2 1.4 1.6

LOG % PROTEIN

Fig. 3 The relationship between gain in  w eight and log % protein. The sigm oid curves have been 
drawn by inspection. The dotted lines are the individual regression lines calculated for each protein. 
The solid lines have the m ean slope calculated from  the com bined data.

Fig. 4 The relationship between gain in  w eight and log N intake. The sigm oid curves were drawn 
by inspection. The dotted lines are the individual regression lines calculated through the lower 5 points 
for each protein. The solid lines are regression lines w ith the same m ean slope calculated from the 
com bined data. The 2 regression lines for lactalbum in and soy protein are essentially  superimposed 
w hich accounts for the om ission of the dotted line.
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W hen gain in  weight is plotted against 
the percentage of dietary protein (fig. 5) 
the data appear to follow a sigmoid distri­
bution (broken lines in  fig. 5 ). Although 
the correlation coefficients are very high 
(table 3 ), the calculated intercept tends to

TABLE 2
Parallel line assays

Metameter of dosage

Protein Log N 
intake 

relative 
potency

Log % 
dietary 
protein 
relative 
potency

% %
Album in 100 100
Casein 81.3 63.1
Soy protein 36.4 43.6
Gluten 17.7 16.9

be lower than  that actually found in  the 
negative control group which lost 16 g of 
body weight. It appears likely, therefore, 
that there is an  appreciable departure from 
linearity in  the data near the intercept. 
The standard deviations of the slopes 
range from 3.6 to 5.5% of the respective 
slopes. Assuming that album in has a po­
tency of 100,7 the relative potency of ca­
sein is 69.2% , of soy protein, 43.3% , and 
of gluten, 16.5%.

W hen the same data are plotted against 
nitrogen intake (fig. 6) the fit is better, as 
expected. The correlation coefficients reach 
very high levels, the intercepts approach

7 The total carcass analyses show that the nitrogen 
from albumin was very efficiently utilized at the lower 
levels of intake. Data are not available to show that 
it is maximally utilized but it must approach maximal 
values.

Fig. 5 Relationship between w eight gain and % dietary protein. Broken curves drawn 
by inspection. Solid lines are regression lin es calculated through the points w hich appear to 
be in  the linear range (see  table 3 ) .
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Fig. 6 Relationship between w eight gain and nitrogen intake. Broken lin es drawn by 
inspection. Solid lines are the regression lin es calculated through the points w hich appear to 
be in  the linear range (see  table 3 ) .

TABLE 3

Slope-ratio assay

Albumin Casein Soy protein Gluten

Dose, as % dietary protein
No. o f anim als 36 36 26 42
Correlation coefficient 0.955 0.978 0.988 0.965
Intercept - 2 4 .1 - 2 9 .7 - 1 7 .5 - 2 0 .0
Slope 13.09 9.08 5.68 2.17
sd  of slope as % 5.3 3.6 3.2 4.3
Relative potency 100 69.2 43.3 16.5

Dose, as N  intake
No. of anim als 30 30 26 30
Correlation coefficient 0.989 0.981 0.975 0.983
Intercept - 1 5 .5 - 1 3 .9 - 1 1 .2 - 1 4 .9
Slope 656 460 221 143
sd  of slope as % 2.4 2.7 4.7 3.5
Relative potency 100 70.0 33.7 21.8
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the value found experimentally, and the 
errors in the slopes tend to be smaller 
(table 3). Again assum ing album in to have 
a relative potency of 100, the values for 
casein, soy protein, and gluten are 70, 34, 
and 22% , respectively.8

DISCUSSION

The data and analysis presented indicate 
that accurate and inherently valid growth 
assays of the nutritive value of proteins are 
feasible. The use of the slope-ratio assays 
appears to be most useful since the regres­
sion lines are substantially linear over a 
considerable range and little difficulty is 
anticipated in selecting appropriate doses 
for assay. Should the procedure prove ac­
ceptable in  more extensive tests, an assay 
utilizing two or three groups and a nega­
tive control would appear to be most ap­
propriate.

Parallel line assays could probably also 
be used if the doses of the test proteins 
were carefully selected. However, it would 
require considerable testing to select the 
appropriate doses of each protein and 
m any anim als would be wasted. W ith 
some products it m ight be difficult or im ­
possible to feed sufficient protein to reach 
the linear portion of the log-dose response 
curve. It appears unlikely that efforts ex­
pended in developing such assays would be 
worthwhile.

The slope-ratio assays based upon nitro­
gen intake appear to fulfill the require­
m ents of a good bioassay. Those based 
upon the percentage of dietary protein ap­
pear somewhat less satisfactory. However, 
the estim ated potency was sim ilar with the 
2 procedures except for soy protein which 
was found to have 33 or 43% of the po­
tency of lactalbum in. The assay of soy 
protein m ight have been improved by the 
inclusion of groups supplied with less pro­
tein which would yield values nearer the 
origin of the regression line. Since the 
m easurem ent of food intake is the most 
time consuming, and therefore expensive, 
part of the assay, there would be consider­
able practical gain if the m easurem ent of 
food intake could be elim inated without 
affecting the accuracy and reproducibil­
ity of the assay. There is substantial evi­
dence th a t “anim als do not eat for protein” 
(19, 20) and therefore the m easurem ent

of food eaten m ight not be critical for a 
good assay procedure. This should be in ­
vestigated further.

As has been indicated, the experim ental 
conditions were not ideal since these stud­
ies were m ade at different times. The an i­
mals came from the same source but the 
m ean starting weights were 56 g for the 
anim als used in  the album in and casein 
studies, 71 g for the soy protein studies, 
and 62 g for the gluten studies. Food con­
sum ption is a function of body weight (19, 
20) and the larger size of the anim als fed 
the soy protein may, in  part, account for 
the discrepancy between the 2 assay pro­
cedures. The anim als fed the casein ap­
peared to have considerably more growth 
potential than  those in  the other experi­
ments. In  adequately designed assays the 
anim als m ust be distributed at random  
among groups so that anim al variation is 
minimized.

The data suggest that the most appropri­
ate values, assum ing lactalbum in has a 
relative value of 100, are casein, 70% ; soy 
protein, 34% ; and wheat gluten, 22% . 
The reported biological values and protein 
scores according to the FAO publication
(5 ) are as follows: album in, not given; 
casein, 69 and 80; soy protein, 75 and 73; 
and wheat gluten, 40 and 40. Allison (21) 
has presented nitrogen growth indexes for 
egg album in of 33; casein, 25; and wheat 
gluten, 7. The significance of these values 
can be appreciated only when they are ex­
pressed in  relative terms. Thus, consider­
ing egg album in as 100, casein would have 
a relative growth index of 76 and gluten 
of 21. These values are in essential agree­
m ent with the values presented in  this 
paper and samples m ay vary in  their n u tri­
tional value.

It has long been recognized that the bio­
logical value appears to overestimate the 
nutritive value of poor quality proteins. 
Gelatin, for example, which will support 
no growth appears to have a biological

8 Finney has described more complex methods of 
evaluating the data (13, p. 189). However, the solu­
tion of 5 simultaneous equations is extremely tedious. 
Furthermore, the distribution of the variation be­
tween regression, blanks, intersection, and curvature, 
as outlined by Finney, cannot be made when nitrogen 
intake is the metameter of dose since there is sig­
nificant regression within groups. The proper esti­
mate of the errors in the estimates requires the solu­
tion of an inverse matrix which is again tedious 
unless a computer program can be utilized for data 
of this kind.
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value of approximately 25 (2 2 ). Bender 
(2 3 ) has reported that with most amino 
acids, nitrogen retention is not propor­
tional to the am ounts of amino acids sup­
plied at low levels. He observed this to be 
true particularly of lysine which m ay be 
one of the more im portant lim iting amino 
acids under practical conditions. Diets 
lacking lysine were reported to have net 
protein utilization values of 30 to 40 %. 
Such data would apparently dem onstrate 
some conservation m echanism  which is 
called into play when deficiencies are im ­
posed. On the other hand  the data of Cal­
houn et al. (2 4 ) with growing rats are 
directly contradictory to Bender’s conclu­
sion that growth and nitrogen retention are 
not proportional to lysine intake, and sug­
gest that lysine m ight be determ ined by a 
slope-ratio assay. This is confirmed by the 
report of Carpenter et al. (2 5 ) with chicks. 
In any event there is no direct evidence 
which dem onstrates that the ability of pro­
teins to m ain tain  anim als over long periods 
is directly related to biological value, and it 
is doubtful that gelatin or lysine-free pro­
teins will in fact m aintain  weight or nitro­
gen equilibrium.

Regardless of the true explanation, there 
is no doubt that diets completely devoid of 
essential amino acids will not support 
growth. Since the relative nutritive values 
of proteins have been classified by biolog­
ical values, and chemical scores are based 
largely upon correlations with biological 
value m easurem ents, the status of this 
whole area is open to question. Protein 
efficiency ratio values are useless for this 
purpose since it is adm itted that they do 
not provide a m easure of the relative n u ­
tritive value of proteins.

The significance of accurate estim ates 
of the nutritive value of proteins for 
growth needs emphasis. Hegsted (1 0 ) in ­
dicated tha t if com  grits and white bread 
have biological values of 54 and 47, as re­
ported, an  adequate caloric intake from 
these sources would be expected to provide 
approximately the estim ated m inim al pro­
tein needs of in fan ts and children. How­
ever, if these values are serious overesti­
m ates of the true nutritive value, as 
appears likely, these products would not be 
able to supply the protein needs. The N a­
tional Research Council (1 2 ) and FAO

(5 ) have also made corrections based upon 
biological values. Thus the estim ated re­
quirem ents, after correction for biological 
value m ay be too low.
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Effect of Protein Malnutrition on the DNA Content 
of Rat Liver 1,2,3

ROBERTO UMANA
Institute of Nutrit ion of Central America and  Panama (INCAP),
Guatemala, Central America

ABSTRACT  The constancy of the DNA concentration in  norm al tissues has sug­
gested the possibility o f using this cellular com ponent as a fixed point o f reference to 
express the results of tissue analysis. In the field of nutrition, the constancy of this 
concentration in  the liver has been questioned in  those cases in  w hich the rats have  
been fed protein-deficient diets. Some investigators who have studied the average DNA  
content o f the isolated liver cell nucleus under conditions of protein deficiency, have  
not been able to show  any significant increase. On the other hand, histochem ical 
studies as w ell as DNA analysis of whole liver hom ogenates of the sam e type of ani­
m als have dem onstrated a significant increase in  the average DNA content of the n u ­
cleus and in  the DNA concentration of the liver, respectively. In the present study, 
w eanling and young adult rats were fed  protein-deficient diets and the average DNA  
content o f the isolated liver cell nuclei, as w ell as the DNA concentration of the whole  
liver hom ogenate, were studied. The results obtained strongly support previous ob­
servations that protein-deficient diets produce in  the rat a significant increase in the 
average DNA content o f the liver cell nucleus and in  the DNA content of the liver.

It has been shown tha t the deoxyribonu­
cleic acid (DNA) content of diploid nuclei 
in  interphase is a constant quantity for all 
the cells of a given anim al or p lant species 
(1 -4 ) .  Based on this observation, it has 
been proposed (3, 5 -8 )  tha t the DNA con­
centration of a given organ be used as a 
point of reference to dem onstrate any 
changes in  the concentration of other cellu­
lar constituents induced by the experi­
m ental m anipulation of the animal.

In the last decade, there has been m uch 
controversy in  the field of nutrition  with 
respect to the constancy of the average 
DNA content of the fiver cell nucleus un ­
der conditions of protein deficiency. Thom ­
son et al. (3 ) , Mclndoe and Davidson (9 ) , 
Fukuda and Sibatani (1 0 ) and Campbell 
and Kosterlitz (1 1 -1 3 ) have all reported 
that no significant increase in  the average 
DNA content of the liver cell nuclei can be 
dem onstrated when these organelles are 
isolated from the fivers of rats fed protein- 
deficient diets. On the other hand, Ely and 
Rose (1 4 ) and Lecomte and DeSmul (1 5 ), 
using histochem ical m ethods, have shown 
that a significant increase in  the DNA con­
tent of the fiver cell nucleus occurs when 
the ra ts are fed nitrogen-free or protein- 
deficient diets. Moreover, studies carried 
out on total fiver homogenates (16—18)

showed also that there is a slight increase 
in  the DNA concentration of the liver of 
protein-m alnourished rats.

The present study was carried out in  an 
attem pt to clarify this controversy, and be­
cause of the im portance that the results 
m ay have on the elucidation of the effect 
of protein m alnutrition on cellular com­
position and metabolism.

MATERIAL AND METHODS

One group of young adult ra ts (190 to 
250 g) and one group of w eanling female 
rats (35 to 45 g) of the Sprague Dawley 
strain  were used in  this study. Each 
group was divided into subgroups having a 
sim ilar average weight. The anim als were 
placed in  individual cages with raised wire- 
screen bottoms. Four of the subgroups of 
adult ra ts were then fed each of the fol­
lowing diets, ad libitum, for 3 weeks: a ) 
20% casein (v itam in-free);4 b ) 5% zein;5 
c ) 5% total corn protein (as ground yel- * 1 2 3 4
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low corn); and d ) N-free diet, prepared 
by replacing all the protein by cellulose.6 
The other constituents of the diets were 
the following: 10 m l cottonseed oil, 1 ml 
cod liver oil, 4 g m inerals (19), and enough 
cornstarch to complete 100 g. Four milli­
liters of a vitam in solution were added to 
every 100 g of diet. The composition of 
this solution has been described previously
(2 0 ). The rem aining subgroup of the 
adult ra ts was starved for 8 days. Three 
subgroups of the weanling ra ts were fed 
diets a, b, and c, respectively. During the 
experim ent, all the anim als were allowed 
free access to water.

After the experim ental period (3  weeks) 
the anim als were decapitated, bled and the 
liver removed and weighed.

An approximately 10% homogenate was 
m ade in  water with a Dounce homogenizer 
for the analysis of DNA and the determ in­
ation of dry weights. Liver nuclei were 
isolated by a slight modification of the 
method of Dounce (21 ) in  which the ho­
mogenates were made with the Dounce ho­
mogenizer instead of the W aring Blendor.

The total num ber of nuclei in each prep­
aration was determ ined by direct counting 
of a very dilute suspension of nuclei in 
0.05 m  citric acid in  a Levy-type homocy­
tom eter chamber. Three freshly loaded 
chambers were counted for each nuclei 
preparation with a reproducibility of 
around 5% .

DNA was extracted from the liver ho­
m ogenates and from the isolated nuclei by 
the m ethod of Schneider (2 2 ) and colori- 
metrically determ ined by the diphenyl- 
am ine reaction of Dische (2 3 ) , using 
highly polymerized calf thym us DNA7 as

a standard. The analytical results were 
expressed as milligrams of DNA per gram 
of dry liver. The average DNA content of 
the nuclei was expressed as m icrom icro­
grams per nucleus.

The statistical significance of the differ­
ence between m ean values found in  the 
concentration of DNA in the liver homog­
enates or in  the average DNA content of 
the nuclei was determ ined by the t test.

RESULTS

Body weight changes. The changes in 
body weight produced by the different 
diets in  the group of adult rats during the 
experim ental period were the following: 
the weight of ra ts in  the control group 
increased 17% of original weight; those 
anim als fed the zein diet lost 20% ; the an i­
mals fed the corn diet gained 6% ; the an i­
mals in  the N-free diet lost 20% ; and the 
anim als in starvation lost 30% of their in i­
tial weight. In the weanling group, the 
changes in  body weight were the follow­
ing: ra ts in  the control group gained 
300% of their original weight; the ani­
mals in  the zein diet lost 34% , and the 
anim als in the corn diet did not show any 
change in  their original weight.

DNA content of isolated nuclei. The 
data on the average DNA content of the 
isolated nuclei are presented in  table 1. 
These data show that in the adult ra t, all 
the dietary conditions used produced a 
significant increase in  the average DNA 
content of the nuclei when compared with 
the 20% casein group. In the group of

6 Alphacel, Nutritional Biochemicals Corporation.
7 Obtained from General Biochemicals, Inc., Chagrin 

Falls, Ohio.

TABLE 1
Changes in the average DNA conten t  of  nuclei isolated from the livers of rats  

fed various rations or starved

Diet
Weanling rats Adult rats

No.1 No.1

20% Casein 8
fx,fig /  nucleus 

12.1 ±  0.7 2 8
fi/ig/nucleus 
10.8 ± 2 .5

5% Zein 7 11.5 ±  0.7 14 15.5 3±  1.6
5%  Corn 8 1 1 .9 ± 1 .8 8 14.1 3 ±  0.9

N-free — 8 15.8 3±  1.7
Starvation (8  days) — 7 14.7 3± 2 .1

1 The number of rats m each group is cumulative from various independent replicate trials 
designed to be of 2 rats each.

2 Mean ±  s d .

3 P <  0.01 when compared with the 20% casein group.
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the w eanling rats, no significant increase 
in the average DNA content of the nuclei 
could be dem onstrated.

DNA concentration in  total liver homog­
enates. Table 2 shows the results of the 
analysis of the total liver homogenates. In 
the group of adult rats, the corn diet, the 
N-free diet and the period of starvation 
produced a significant increase in  the DNA 
content of the homogenates. The increase 
produced by the zein diet did not reach 
statistical significance owing to the high 
variance resulting.

In the group of w eanling rats, both diets 
studied produced a significant increase in 
the DNA content of the fiver homogenates.

The com parison between the DNA con­
centration in the fivers of both groups 
studied shows that the adult ra t has a 
higher concentration of DNA than  the 
weanling rat. This is in  accord with previ­
ous observations (8, 10).

Changes in  total liver content of DNA 
in relation to liver w eight changes. One 
of the outstanding effects of a protein-de­
ficient diet is a retarded rate of growth;

therefore, anim als of a given age fed an 
appropriate diet will be heavier than  ani­
m als of the same age fed a protein-defi­
cient diet. If it is postulated that the dif­
ference between the 2 types of anim als is 
only a m atter of size and that the relative 
composition of the organs has rem ained 
unchanged, the ratio, total organ weight 
(defic ien t)/to ta l organ weight (no rm al), 
should be the same as the ratio, total or­
gan constituent (defic ien t)/to ta l organ 
constituent (no rm al). If the la tter ratio 
is found to be greater or smaller, it would 
be necessary to conclude that the content 
of the constituent in question in  the organ 
from the deficient anim al is larger or 
sm aller than  that in the organ from  the 
norm al animal. This type of calculation 
reveals changes in the composition of the 
organ with respect to the total m ass re­
gardless of any changes that m ight have 
occurred in  other constituents.

The data from our experim ents were 
calculated in this form and are presented 
in table 3. It is evident from these calcu­
lations that both groups of anim als re-

TABLE 2
Changes in the DNA concentration in  homogenates m ade  from the livers of rats  

fed various rations or starved

Diet
Weanling rats Adult rats

No.1 No.1
mg DNA/g mg DNA/g
dry tissue dry tissue

20% Casein 13 8.24 ± 1 .0  2 15 14.60 ± 2 .0
5% Zein 6 11.92 3±  1.9 13 17.75 ± 2 .7
5%  Corn 11 9.99 4 ±  2.8 12 18.95 3± 2 .0

N-free — 12 17.00 4±  1.0
Starvation (8  days) — 6 23.15 4± 2 .5

1 The number of rats in each group is cumulative from various independent replicate trials 
designed to be of 2 rats each.

2 Mean +  s d . 
a P <  0.01.
4 P <  0.05, when compared with the 20% casein group.

TABLE 3
DNA changes in  the livers of rats fed various diets or starved

Ratios 1
5% Zein 5% Corn N-free Starvation

Adults Weanling Adults Weanling Adults Adults
Liver w t (ex p .)  
Liver wt (control) 0.66 ± 0 .0 3  2 0.32 ± 0 .0 3 0.71 ± 0 .1 9 0.62 ± 0 .1 0 0.59 ± 0 .0 6 0.59 ± 0 .0 6

Total DNA (ex p .)  
Total DNA (control) 0.71 3 ±  0.02 0.37 3± 0 .1 0 0.81 4± 0 .1 0 0.76 4 ±  0.10 0.77 4 ±  0.21 0.86 4±  0.12

1 The total number of animals studied in each group was 6.
2 Mean ±  s d .
3 P = 0.01.
4 P ^  0.05, when compared with the liver ratio.
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sponded to the dietary treatm ent with a 
significant increase in the DNA content of 
the liver.

DISCUSSION

The values found for the average DNA 
content of nuclei isolated from  normal 
adult ra ts (10.8 ±  2.5 uug/nucleus) agree 
with values reported previously in  the 
literature (3 , 5, 9, 11, 14, 18). The aver­
age DNA content of nuclei isolated from 
the liver of the w eanling control group 
was 12.1 ±  0.73 ang/nucleus, in  contrast 
with the values of 6.7 to 7.2 uug/nucleus 
reported by Thomson et al. (3 ) . This dis­
crepancy m ight be explained by the fact 
that during the 3-week experim ental 
period the weanling control group in ­
creased from  30 g to about 100 g of body 
weight, and it has been shown by Fukuda 
and Sibatani (10 ) tha t the average DNA 
content of the ra t liver nucleus increases 
from  5.9 to 11.2 ang/nucleus when the 
body weight increases from  25 to 100 g.

Table 4 sum m arizes some of the data 
available in  the literature on the effect of 
protein deficiency on the DNA content of

the liver cell nucleus. It is evident from 
this table that except for the results of Ely 
and Ross (1 4 ) , the other investigators who 
studied isolated nuclei were unable to dem­
onstrate any change in  the DNA content 
of the protein-deficient organelles. In a 
previous publication (2 4 ) , it has been 
shown that the use of the W aring Blendor 
for homogenization abolishes the differ­
ence between the DNA content of norm al 
and of protein-deficient nuclei. Therefore, 
it can be concluded that the negative re­
sults obtained by the investigators cited in 
table 4 should be ascribed to the type of 
blender used for homogenization.

The histochem ical studies of Ely and 
Ross (1 4 ) and Lecomte and De Smul
(1 5 ) , as well as the DNA determ inations 
of Cooper (1 6 ) , Muntwyler (1 7 ) and Vil- 
lela (1 8 ) , showed an increase in  the DNA 
content of the liver cell nuclei and the 
liver homogenates of protein-deficient rats. 
These results are in good agreem ent and 
are in confirmation of our results.

In the weanling group, it was not pos­
sible to show any increase in  the average 
DNA content of the isolated nuclei even

TABLE 4
Sum mary of the data in the literature  

content
on the  
of the

effect of protein  
liver cell nuclei

deficiency on the average DNA

Reference Wt of 
rat

Diets
Method

Normal N-free Protein-
deficient Starvation

(9 )
9 [Llig DNA/nucleus 

8.70
¡i¡ig DNA/nucleus 

9.27 citric acid, 
W aring Blendor

( 1 0 ) 200 11 .2 0 1 1 .2 0 citric acid, 
W aring Blendor

(1 4 ) 130-160 10.20 12 .0 16.70 1 citric acid, 
W aring Blendor

( 2 ) — 8.0 8.0 citric acid, 
W aring Blendor

(3 ) 195-250 9.28 9.90 10.26 citric acid, 
W aring Blendor

( 1 1 ) 325 10.8 1 1 .0 citric acid, 
W aring Blendor

(1 5 ) 60 -6 5 582.4 2 638.6 2'3 histochem ical

(1 4 ) 130-160 0.723 « 1.090 4 0.961 l-* histochem ical
1 12% casein.
2 Arbitrary units.
3 3.2% casein.
4 Extinction coefficients.
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though the DNA concentration of the liver 
homogenates and the calculated ratios of 
total DNA content and of liver weight be­
tween groups clearly indicated an increase 
in  the DNA content of the livers. The rea­
son for this discrepancy has not been 
found.

The m echanism  of the increase in  the 
DNA content of the livers of rats fed pro­
tein-deficient diets cannot be ascertained 
from  the data presented. Nevertheless, if 
it is accepted that this increase could be 
ascribed to the presence in  the livers of 
m alnourished rats of a greater proportion 
of tetra- and octaploid-type of nuclei as 
suggested by C unningham  et al. (2 5 ) and 
Lecomte and De Smul (1 5 ) , it would be 
necessary to conclude that under the con­
ditions of protein deficiency used, the bio­
synthesis of DNA was not affected, where­
as general protein synthesis was im paired 
in such a way that the mitotic process was 
blocked.

From the practical point of view, the in ­
crease in  the DNA content of the liver of 
m alnourished ra ts impedes its use as a 
reference point to express the liver com­
position in situations of protein deficiency.
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Effect of Excess of Vitamin A on Sulfur 
Metabolism in the R at* 1
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ABSTRACT  The effect of acute excess of v itam in A on sulfur m etabolism  was 
studied in  nondeficient rats, using N a2S3504, m ethionine-S35 and cystine-S35, and the 
liquid scintillation technique to m easure specific activity (SA ) of the BaS33C>4 pre­
cipitates in  the urine. Both in  hypervitam inotic and control rats given m ethionine-S35 
or cystine-S35, the sam e am ount (7 5  to 80% ) of the excreted radioactivity appeared in  
the inorganic SO4 fraction of the urine. W hen single or repeated vitam in A injections 
were given to rats treated previously w ith m ethionine-S35, a larger am ount of inorganic 
S350 4 w as excreted than in  the controls. After injection of N a2S350 4, v itam in A-treated 
rats showed a more rapid decrease in  the SA of urinary inorganic SO4 than control 
rats, suggesting an increased breakdown of body protein. It therefore appears that 
vitam in A did not inhibit the oxidation of SH or S-S groups, but that large overdosage 
had a proteolytic effect in  intact rats.

In m an, single large doses of vitam in A 
cause acute toxic symptoms in  the form of 
violent headache and nausea, followed by 
peeling of the skin (1 ) . Chronic over­
dosage of vitam in A causes a variety of 
symptoms. In young growing animals, the 
most striking changes are retarded growth, 
hem orrhage and bone fragility (2 ) .

Several hypotheses have been advanced 
to explain the m echanism  of the effect of 
excess vitam in A. Russian investigators 
(3 -5 )  have suggested that vitam in A is 
an antioxidant that inhibits the oxidation 
of sulfhydryl groups to sulfates. Fell (6 ) 
and Thomas and co-workers (7 )  have 
suggested that an excess of vitam in A ac­
tivates a proteolytic enzyme which has an 
effect sim ilar to papain. Finally, Wolf and 
Varandani (8) have advanced the hypothe­
sis that vitam in A regulates the form ation 
of mucopolysaccharides, in that excess vi­
tam in A causes an  increase in  the m ucus 
type of mucopolysaccharides.

The purpose of the present study was to 
test the first two of these hypotheses in 
in tact nondeficient rats and specifically to 
clarify the in  vivo effect of acute excess of 
vitam in A on the sulfur metabolism by 
using N a2S350 4, methionine-S35 and cystine- 
S35 and the liquid scintillation technique 
to m easure urinary specific activity of the 
BaS350 4 precipitate.

METHODS

The experim ents were carried out on 
100- to 120-g m ale Carworth rats 2 (CFN 
stra in ). The anim als were divided into 
groups of 8; each group was kept in  a 
metabolic cage divided into 8 com part­
m ents by Plexiglas walls. On a total of 
35 groups, 3 types of experim ents were 
carried out. In 2 types of experim ents 
(types 1 and 2 ), S35-labeled L-methionine 
or cystine was used. In a third type 
(type 3 ), N a2S3504 was used. Each experi­
m ent consisted of 1 or 2 treated groups 
and of one sim ultaneous control group. 
In the type 1 experim ents, the treated 
anim als (9  groups) received daily by 
stomach tubing 50,000 units of vitam in A 
acetate, dissolved in  0.5 ml ethyl laurate, 
for 3 days. The controls (6  groups) were 
given the same am ount of solvent. On the 
third day all ra ts were given intraperito- 
neally the radioactive amino acid. The 
S35-labeled m ethionine (0.1 to 0.3 u c /ra t)  
was adm inistered to 7 vitam in A-treated 
groups and to 5 control groups, and S35- 
labeled cystine (0.27 u c /ra t)  was used in 
2 vitam in A-treated groups and one con­
trol group.
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In the type 2 experim ents, the anim als 
were pretreated with intraperitoneal injec­
tions of S35-labeled m ethionine (0.21 to 
0.35 u c /d ay /ra t)  for 2 consecutive days. 
On the third day, vitam in A dissolved in 
0.25 m l ethyl laurate was adm inistered 
intraperitoneally for 1 to 3 days in  doses 
of 25,000 to 100,000 u n its /d a y /ra t, as 
shown in figure 1.

The third type of experim ent was sim­
ilar to type 1, except th a t following the 
3-day pretreatm ent with vitam in A, 
N a2S350 4 (0.05 to 0.15 u c /ra t)  was given 
intraperitoneally instead of the S35-labeled 
amino acids.

Unless othterwise stated, the anim als 
were m aintained with commercial labora­
tory chow 3 ad libitum. Starting after the 
injection of the radioactive m aterial, the 
urine was collected for a total of 48 to 72 
hours. Each collection period lasted for 
23 hours during which the ra ts fasted; 
this was followed by a one-hour feeding 
period. The purpose of this schedule was 
to prevent food particles from  contam inat­
ing the urine. Drinking w ater containing 
1% glucose was available to the rats at 
all times.

Radiochemical determinations. At the 
end of each collection period the cages 
were rinsed with a few m illiliters of dis­
tilled w ater and the excretion of radiosul­
fu r was m easured in  3 fractions, each 
determ ination being carried out in dupli-

cate. In the first fraction, inorganic S 04 
was determ ined by direct precipitation 
with BaCl3. In the second fraction, total 
S 04 was determ ined by precipitation with 
BaCl2 after acid hydrolysis (boiling in 
0.15 N HC1 for 25 m inutes). In the third 
fraction, total sulfur was determ ined by 
precipitation with BaCh after oxidation 
according to the procedure described by 
Jeifay et al. (9 ) . The MgSCh formed dur­
ing the oxidation was dissolved in  2 ml of 
10% HC1. In each of these fractions the 
am ount of urine used was about 10 to 
15 ml, or sufficient to provide 20 to 40 mg 
BaSCh. In each case, the samples, at the 
end of the procedure described above, were 
placed in pre-weighed vials of a Tricarb 
liquid scintillation counter. The vials were 
placed in  a warm  w ater bath, and 2 m l of 
a 5% BaCl» solution were added slowly. 
The precipitate was then centrifuged, 
washed twice with distilled water and once 
with 96% alcohol. The final supernatant 
fraction was tested with sulfuric acid for 
traces of BaCL. The precipitate was then 
dried and kept for one hour in  a furnace 
at 400°. After cooling, the BaSCh precipi­
tate was weighed, and 10 to 12 stainless 
steel balls (diam eter, 1.6 m m ) were placed 
into the vials and 2 ml scintillator tolu­
ene containing 0.5% 2,5-diphenyloxazole 
(PPO ) and 0.03% l,4-bis-2-( 4-methyl-

3 Purina Rat Chow, Ralston Purina Company, 
St. Louis.

24 48  72 Hours
Fig. 1 Effect of excess vitam in A on the urinary excretion of inorganic S350 4 of rats 

pretreated w ith  m ethionine-S35. For detailed explanation, see text.
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5-phenyloxazolyl)-benzene (dim ethyl POP- 
OP) added. The caps were screwed on 
tightly and the vials were then shaken 
vigorously for 10 to 20 m inutes until the 
precipitate was broken up and finely dis­
persed. Following this, about 15 ml Cab-O- 
Sil thixotropic gel (5  g Cab-O-Sil in 100 g 
scintillator toluene) were added, and the 
vial was shaken for 10 m inutes. After re­
moving the air bubbles (by slowly rotating 
the vials) the radioactivity was counted 
either in a Tracerlab liquid scintillation 
counter at —12° (efficiency of about 70% ) 
or in  a Tricarb liquid scintillation counter 
at + 2 °  (efficiency 63% ).

This method has the advantage that no 
separate aliquots are used for sulfur de­
term ination and counting, and thus no 
transfer of the precipitate is needed. For 
this reason the m ethod proved to be par­
ticularly useful for the determ ination of 
specific activity.

The radioactivity in  the m aterial in ­
jected into the ra ts was determ ined as 
B aS04 in  an aliquot after adding the appro­
priate carrier to it. In experim ents with 
methionine-S35, nonradioactive m ethionine

was the carrier and the BaS04 precipitate 
was obtained after complete oxidation. 
W hen N a2S350 4 was used, this was precip­
itated along with added N a2S 04 and 
counted in  the same way as the urine 
samples.

The reliability of the described proce­
dure was tested in the following ways:

(A ) Increasing am ounts of N a2S350 4 of 
a fixed specific activity were placed into 
vials to provide approximately 20, 40 or 
60 m g BaS350 4, respectively. The same spe­
cific activity was obtained regardless of the 
am ount of precipitate, showing that within 
the above range “self-absorption” was not 
an interfering factor (table 1, section A). 
A similar observation was reported by N a­
than  et al. (1 0 ) using a Thixin thixotropic 
gel for counting BaC140 3 precipitate. In 
am ounts up to 200 mg BaCCh there was 
no m easurable “self-absorption.”

(B ) Increasing am ounts of nonradio­
active N a2S 04 were precipitated to provide 
25, 50, 75 or 100 mg BaS04, respectively. 
The precipitate was brought into suspen­
sion and 0.1 ml of C14-toluene standard 
was added to each vial. The increasing

TABLE 1
Assessm ent of  reliability of radioisotope determinations: 1 effect of am ount of precipitate  on 

specific ac tiv ity  (“self-absorption”) (A); quenching effect of increasing am ount of 
precipitate  on the C14 toluene (B); and “trapping” of methionine by  

precipitated inorganic  S 0 4 (C)

Source of 
radioactivity Carrier BaS04

precipitate Radioactivity Specific
activity

mg/vial dpm 2/vial  
(x 10*)

dpm/mg  
BaS04 (x IO2)

f N a2S 0 4 20.8 4.29 2.063
A N a2S350 4 N a-S 04 41.6 8.36 2.008

l_Na2S 0 4 61.2 12.29 2.007

fnone — 4.29 __
N a2S 0 4 24.3 4.19 —

B Toluene-C14 < N a2S 0 4 50.0 4.29 —
Na»S04 75.6 4.38 —

(N a2S 0 4 100.0 4.27 —
r M ethionine 66.4 28.48 4.289
N a2S 0 4 73.6 0.32 0.043

M ethionine 42.7 33.22 7.780

C M ethionine-S35 =
N a2S 0 4 72.4 0.34 0.048
M ethionine 72.9 41.98 5.758
N a2S 0 4 73.1 0.09 0.011

M ethionine 57.5 44.27 7.700
.̂Na2S04 75.0 0.35 0.046

1 For details see text.
2 dpm = disintegrations per minute.
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am ount of precipitate did not have any 
quenching effect on the C14-toluene (table 
1, section B).

(C ) Two aliquots were taken from a 
m ethionine-S35 solution; sodium sulfate 
was added as a nonradioactive carrier to 
one of the aliquots, and m ethionine to the 
other. The form er was precipitated with 
Bad» directly, the la tter after complete 
oxidation. W hen N a2S 04 was used as a 
carrier, the m easured specific activity 
(d p m /m g  BaS04) was usually less than  
1% of that found after oxidation of the 
m ethionine-methionine-S35 m ixture (table 
1, section C ). This shows that the in ­
organic S 04, when precipitated, does not 
carry with it (absorbed or trapped) any 
appreciable am ount of m ethionine.

RESULTS

1. Effect of v itam in A on the oxidation 
of m ethionine-S35 and cystine-S35 (experi­
m ents, type 1). W hen labeled methionine 
was adm inistered intraperitoneally, only a 
relatively small portion (4  to 29% ) of the 
injected m aterial was excreted in  the urine 
during the first 48 hours (table 2 ). There 
was no difference in  this respect whether 
the ra ts received 50,000 IU vitam in A 
daily for 3 days (7  groups) or only the 
solvent (5  groups). As shown in table 2, 
there was no consistent difference between 
the vitam in A-treated and the control 
groups in  the urinary  excretion of S35. 
However, in  6 out of 7 experiments, 76 to 
91% of the excreted S35 appeared in  the 
S350 4 fraction, the m ajor portion of it as 
inorganic S350 4. Again, there was no dif­
ference between treated and control 
groups.

Essentially the same results were ob­
tained when cystine-S35 was used instead 
of labeled m ethionine. Of the injected 
radioactivity, 23 to 33% was excreted and 
most of it in  S 04 form  during the first 
48 hours. No difference was found be­
tween control and vitam in A-treated rats. 
It m ay therefore be justified to conclude 
from  these experim ents that vitam in A 
did not inhibit the oxidation of the SH 
group of m ethionine or the S-S group of 
cystine.

2. Proteolytic effect of vitam in A (ex­
periments, type 2). Theoretically the most 
direct way to dem onstrate a proteolytic
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effect would be to m easure the nitrogen 
balance. This approach, however, leads to 
great technical difficulties, because excess 
vitam in A when adm inistered for a pro­
longed period of time decreases the food 
intake of the rats, which in  itself leads to 
a negative balance. Short-term experi­
m ents, such as those described here, on 
the other hand, cannot give reliable bal­
ance values since neither the m easurem ent 
of food intake nor the determ ination of 
urinary  nitrogen output (loss of nitrogen 
in  the form of am m onia during the collec­
tion period) can be carried out with the 
required accuracy. However, the fact that 
71 to 96% of the injected methionine-S35 
was retained in  the body 48 hours after 
injection provided a possibility to study 
the proteolytic effect of a single or re­
peated doses of vitam in A. In this study 
(fig. 1 ), 96 rats received methionine-S35 
for 2 consecutive days; the urine was col­
lected, and the total excreted radioactivity 
was m easured. The difference between 
this value and the injected dose was taken 
as the am ount of radioactivity present in 
the ra ts at the end of the 48 hours when 
the vitam in A was given intraperitoneally. 
Eight anim als received 25,000 IU vitam in 
A (group B ), 24 anim als received 50,000 
IU in  a single injection (group C ), and 
32 ra ts were given 100,000 IU once and
50,000 IU daily for the 2 following days 
(group D ). Finally, 32 anim als (group 
A) served as controls, receiving the solvent 
only. The excreted inorganic S350 4 (m ac / 
24 hours) was related to the am ount of 
radioactivity (uc) present in  the anim als 
at the beginning of each collection period. 
At the end of the 3 days, vitam in A showed 
a m arked proteolytic effect only in  those 
rats which received altogether 200,000 IU 
in  form  of repeated injections (fig. 1, 
group D ). During the third collection 
period, they excreted in  the inorganic sul­
fate fraction 52 muc for each microcurie 
present in  the body at the beginning of 
this period, compared with 28 muc ex­
creted by the control rats, representing 
an increase of 86% in the hypervitamin- 
otic rats. Fifty thousand international 
units of vitam in A in a single dose ( group 
C) increased the excretion of S350 4 only 
about 23% above that of the controls

(group A ), whereas 25,000 units had no 
effect (group B).

3. Experim ents w ith  Na2S35Oi (experi­
m ents, type 3). The effect of an excess of 
vitam in A on the breakdown of body pro­
tein could be shown also by using the 
isotope dilution technique. Five groups of 
rats were given 50,000 IU vitam in A /ra t/  
day for 3 days, followed by an intraperi- 
toneal injection of N a2S350 4. The urine 
was collected for two 23-hour periods, and 
the specific activity of the inorganic S350 4 
was determined. The advantage of this 
approach is that it does not require an 
accurate m easurem ent of the daily urine 
output; hence any loss of urine, whether 
it be soaked into the pelt of the anim al or 
trapped elsewhere in the cage, does not 
cause any error. Furtherm ore, this method 
as outlined above, m easures directly the 
specific activity of the B aS04 precipitate 
present in  the counting vial.

W hen the specific activity obtained in 
the second collection period is expressed 
as percentage of the specific activity ob­
tained in  the first 23 hours ( =  100 X 103 
dpm /m g BaS04), this value depends only 
on the dilution of radioactivity by the u n ­
labeled S 04. It is assum ed that the m ajor 
part of the unlabeled S 04 is derived from 
the oxidation of sulfur-containing amino 
acids, partly from the food and partly from 
the body proteins. A protein-free diet 
would be expected to increase this value 
because in  this instance the only source 
of unlabeled S 04 is the body protein. On 
the other hand, adm inistration of un la­
beled m ethionine should cause a more 
rapid decrease of the specific activity, 
since the oxidation of unlabeled m ethio­
nine yields non-isotopic sulfate. The re ­
sults obtained with 5 control groups were 
consistent with these assum ptions (table
3 ). The specific activity of urinary in ­
organic sulfate decreased less with the 
protein-free diet than  with ordinary lab­
oratory chow, and decreased more rapidly 
in the group treated with nonradioactive 
m ethionine. As shown in table 3, the 
specific activity decreased more rapidly in 
the vitam in A-treated groups than  in  the 
corresponding controls, whether they were 
fed the regular or the protein-free diet. 
This indicates that vitam in A increased
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TA BLE 3
Effect of  orally adm in is tered  v itam in  A on the specific ac tiv ity  (SA =  103 d p m /m g  BaSO.i) of 

urinary inorganic  S3o0 4 during the second 24-hour period after intraperitoneal injection  
of N a 2S3s04, expressed as percentage of the specific activity  in the first 24-hour

urine collection

Hypervitaminotic rats 1 
No. of
groups SA 
of rats

Control rats 
No. of
groups SA 
of rats

Remarks

5 9.52 3 14.17 P <  0.02
1 19.52 1 24.10 Fed protein-free diet
1 7.80 1 6.80 Nonradioactive m ethionine  

3 X 33 m g/ra t ip
1 Given 50,000 IU vitamin A/rat daily for 3 days.

the breakdown of body proteins and that 
the liberated sulfur diluted the excreted 
isotope. W hen the rats were pretreated 
with nonradioactive m ethionine for 3 days, 
the specific activity of the S350 4 was very 
low in  both groups, with no difference 
between them. This suggests again that 
excess of vitam in A does not inhibit the 
oxidation of the sulfhydryl groups of m e­
thionine to the inorganic S 04.

DISCUSSION

This study showed that even large doses 
of vitam in A did not inhibit the oxidation 
of m ethionine or cystine, for when S35- 
labeled am ino acids were used, they were 
readily oxidized to inorganic S350 4. W hen 
N a2S350 4 was adm inistered along with non­
radioactive m ethionine, the latter consider­
ably decreased the specific activity of the 
excreted inorganic S350 4. Therefore, vita­
m in A cannot be considered as an anti­
oxidant of the SH or S-S groups of amino 
acids.

The proteolytic effect of excess vitam in 
A was shown in 2 ways. In rats pretreated 
with m ethionine-S35, massive doses of vita­
m in A increased the excretion of inorganic 
S350 4 considerably, and when N a2S350 4 was 
used, the specific activity of it decreased 
in  the urine of the treated anim als more 
rapidly than  in  the urine of controls. This 
latter phenom enon is presum ably due to 
an increased breakdown of body proteins 
in  general, followed by the oxidation of 
the sulfur-containing amino acids or by a 
loss of already preform ed sulfate of the 
mucopolysaccharides, or both. A loss of 
chondroitin sulfate after large doses of 
vitam in A has been dem onstrated (7 )  in 
the articular and epiphyseal cartilages of

the rabbit, an effect closely resem bling that 
of papain proteinase. Fell and Dingle (11 ) 
have shown that the cartilaginous limb- 
bone rudim ents from chick embryo cul­
tivated in  the presence of vitam in A (3.3 
ng /m l) released an acid protease into the 
culture medium. Recently, Chung and 
Houck (1 2 ) reported that an  excess of 
vitam in A decreased the hexosam ine con­
tent of the connective tissue of the rat, 
and they concluded that this represented 
the loss of acid mucopolysaccharides.

However, in our experim ents, as well as 
in  the studies of others, referred to above, 
this proteolytic effect of vitam in A could 
be dem onstrated only with m assive over­
doses, in the range of one million un its/kg  
or more, and it is not at all certain  that 
this effect is responsible for the symptoms 
of hypervitaminosis A in  m an.
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ABSTRACT  A series of experim ents w as carried out w ith adult m ale rats to study 
the effect o f varying the dietary protein and am ino acid content in  relation to the 
daily creatinine excretion. It w as observed that creatinine excretion was not constant 
and varied w ith protein intake and am ino acid content. On the basis of these experi­
m ents, no pattern w hich would permit prediction of creatinine excretion as it relates 
to the level of dietary N  or of am ino acids could be distinguished. W ith a free am ino 
acid-containing diet w hich provided the least am ount of dietary N  offered in  these 
experim ents, daily creatinine excretion w as highest, the excretion being approxim ately 
3 tim es as high as w ith a diet w hich provided 15% protein. Considerable variation in  
creatinine excretion of individual rats fed  any given diet w as observed, particularly 
follow ing a change from  one diet to another. The problems inherent in  the use of 
creatinine excretion values for the calculation of body com position and other m etabolic 
values are discussed.

During the course of a series of nitrogen 
(N ) balance studies in  m en, in  which 
urinary N constituents were routinely de­
term ined, we noted, upon increasing the 
dietary N content for the same subjects 
from  9 to 19 g /day, a 31% increase (1.82 
to 2.38 g/day) in  urinary  creatinine, which 
was highly significant (P  <  0.001).

Since Folin’s (1 )  classic studies on 
protein metabolism, the concept that the 
creatinine excretion in adult anim als and 
m an was essentially constant and not sub­
ject to change as a result of dietary protein 
m anipulation has been widely accepted. 
Only a few divergent reports suggesting 
the inconstancy of creatinine excretion 
have appeared. Commenting on Folin’s 
original observations, Paton (2 )  reported 
a m arked change in  the creatinine excre­
tion of dogs fed protein at varying levels. 
During the 1930’s and early 1940’s Beard 
published a series of papers as well as a 
review monograph (3 )  in  which he criti­
cized Folin’s concept of a constant creati­
nine excretion and gave considerable evi­
dence in  support of a lack of constant 
creatinine excretion. Beard’s studies have 
often been quoted, but dismissed as insig­
nificant. Recently, Chow et al. (4 )  ob­
served that their experience during the

past 10 years did not support the concept 
of a constant creatinine excretion in m an; 
indeed, creatinine excretion was just as 
variable as any other urinary component.

The results of a num ber of studies 
(5-7) in  which the constancy of creatinine 
excretion had been claimed, do not support 
such a conclusion. The recent report by 
Nakagawa et al. (8 )  on the amino acid 
requirem ents of children shows not only 
a clear variation, but also a distinct pat­
tern in  urinary creatinine excretion upon 
changing the subjects from their “norm al 
diet” to the experim ental diet.

In view of the im portance which has 
been attached to relationships between cre­
atinine excretion and body composition
(9 ) , basal metabolism (1 0 ) , and to the 
evaluation of dietary protein quality (1 1 ) , 
we considered it im portant to study di­
rectly the effect of dietary protein and 
amino acid variation on the creatinine ex­
cretion in  the rat. Our results point to 
considerable variation as a result of die­
tary protein or amino acid alteration, or 
both.

R ece iv ed  fo r  p u b lic a tio n  S ep tem b e r 14, 1964.
1 P a p e r  o f th e  J o u rn a l  S eries , N ew  J e rse y  A g ricu l­

tu r a l  S ta tio n , R u tg e rs , T h e  S ta te  U n iv e rs ity , New 
B ru n sw ick , N ew  Jersey . S u p p o r ted  in  p a r t  by  G ran ts - 
in -a id  f ro m  th e  N a tio n a l S c ience  F o u n d a tio n  a n d  th e  
U.S. P u b lic  H e a lth  Serv ice .

J . N u t r it io n , 8 5 :  ’6 5 181
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EXPERIMENTAL

H A N S F IS H E R

Albino m ale rats of the W istar strain, 
weighing between 210 and 250 g, were 
m aintained in individual metabolism 
cages. For 5 days of every week, urine, 
and in  some instances, feces, was collected 
daily for N and creatinine analysis. Food 
intake was m easured daily, and body 
weight m easurem ents were usually taken 
at the start and thereafter at weekly in ter­
vals. Nitrogen was determ ined on food 
and on 5-day dried fecal composites by 
Kjeldahl digestion followed by colorimetric 
determ ination of the am m onium  ion on 
the AutoAnalyzer according to a modifica­
tion of Ferrari’s (1 2 ) method. Urinary N 
was determ ined daily by the direct Auto- 
Analyzer m ethod (1 2 ). Daily creatinine 
was determ ined in  duplicate by the method 
of Owen et al. (1 3 ) , which has been used 
successfully by a num ber of recent investi­
gators (14, 15). In our experim ents with 
rat urine this method perm itted a recovery 
of a 94.1 ±  3.6% .

The composition of the diets used is 
shown in table 1. The 15% protein, corn- 
soya diet was found to contain 43 pg cre- 
a tin ine/g , which, based on the food con­
sum ption values in  the experim ents to be 
cited, added an insignificant am ount to 
the ra t’s intake. The amino acid m ixture 
used to study amino acid deficiencies rela­
tive to creatinine excretion was based upon 
Nasset’s m aintenance requirem ents for 
adult rats (1 6 ).

RESULTS

Experim ent 1. Ten ra ts were fed either 
the corn-soya, 15% protein diet (stock 
diet) or this diet diluted in  different pro­
portions with protein-free diet (table 1) 
for 15 weeks. During the first 9 weeks 
food intake was held essentially constant 
at 15 g /day  with the N intake varying 
between 400 and 200 m g/day  (table 2 ).

During the first 6 weeks there was a 
decrease in  urine volume (table 2 ) but no 
consistent concom itant change in  creati­
nine excretion. Only during the first week, 
while the ra ts received the stock diet di­
luted 50% with the protein-free diet, was 
there a m arked (and  significant) change 
in the creatinine excretion, despite marked 
changes in  urinary  N excretion. When, 
however, the stock diet was diluted fur-

TA BLE 1
Composition of diets

%
Stock diet

Ground oats 10.0
Corn m eal 36.5
W heat m iddlings 10.0
Ground wheat 10.0
Soybean m eal (50%  protein) 15.0
M eat m eal (50%  protein) 5.0
A lfalfa m eal 3.0
Lim estone 6.3
Trace m ineral m ix 1 0.1
Dicalcium  phosphate 1.2
Corn distillers solubles 2.5
Salt 0.4
Vitam ins 2 +

%
Protein-free diet

Cornstarch 38.5
Corn dextrin 20.0
Corn oil 12.0
Fiber 5.0
M inerals 3 4.0
Vitam ins 3 0.2
Choline chloride (70%  ) 0.1
Sucrose to 100.0

% of diet
Am ino acid m ix

L-Arginine-HCl 0.40
L-Histidine • HC1 • H2O 0.13
DL-Isoleucine ( allo-free ) 0.44
L-Leucine 0.31
DL-Phenylalanine 0.40
ra,-Tryptophan 0.11
dl-Valine 0.47
n-Lysine-HCl 0.30
DL-Methionine 0.25
DL-Threonine 0.32
n-Glutamic acid 1.20

1 C o n ta in ed : ( i n  p e r  c e n t )  m a n g a n e s e , 6 .0 ; io d in e , 
0.12 ; i ro n , 2 .0; co p p er , 0.2 ; z in c , 0.0 1 ; co b a lt, 0.02; 
a n d  c a lc iu m , 26.5.

2 S u p p lied  p e r  k g  d ie t:  v ita m in  A, 600 IU ; v ita m in  
D3, 150 IU ; r ib o flav in , 0.15 m g ; v ita m in  B 12, 1.5 /¿g.

3 F o r co m p o sitio n , see S u m m ers  a n d  F is h e r  (1 7 ) .

ther, urinary  creatinine values more than  
doubled. Upon returning the anim als to 
the undiluted stock diet, (10th  week) with 
food intake decreased to 10 g/day, cre­
atinine excretion decreased slightly during 
the 10th and 11th week but more sharply 
and significantly so during the 12th week. 
A further decrease occurred when the 
stock diet was again diluted, but, despite 
a significant decrease in  body weight, cre­
atinine excretion did not return  to the low 
levels experienced during the first 6 weeks 
of the experiment.

Experim ent 2. As m arked changes in 
creatinine excretion were observed when 
the rats were gradually given less dietary
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protein over a prolonged feeding period, 
the second experim ent was designed to 
study sudden reversals in  shifting between 
the protein-free and the stock diet.

Another group of 10 rats was given, in 
succession: the stock diet for one week; 
the protein-free diet for 6 weeks; the stock 
diet again for 3 weeks; and finally the 
stock diet diluted 50% with the protein- 
free diet for 3 weeks.

Table 3 shows that creatinine excretion 
decreased significantly during the 3rd and 
4th week to a value less than  one-third 
the highest value observed in  experi­
m ent 1. This decrease was followed by a 
virtual doubling of the creatinine excre­
tion during weeks 5 and 6, followed by a 
gradual re tu rn  to the starting levels be­
tween weeks 8 through 13. In view of the 
very m arked changes in  body weight as a 
result of feeding the protein-free diet, the 
changes in  creatinine excretion do not 
justify  consideration of a direct relation­
ship between creatinine excretion and 
body size.

At the term ination of experim ents 1 and 
2, the 10 rats from each group were killed 
with chloroform, and body w ater and N 
were determined. The results of these 
analyses are shown in table 4. There was 
little difference in  the percentage body 
water and N content between the ra ts from 
each of these 2 experiments.

A com parison of the total carcass N in 
the average ra t from  each of the 2 groups 
m ight suggest, at least for the final week 
of the 2 experim ents, tha t a relationship 
between creatinine excretion and body

TA BLE 4
Body composition and  creatinine excretion of rats

Measurments
Group 1

A B

Body wt, g 200 ± 2 2 150 ± 5
Carcass com position

Water, % 6 7 .4 ± 0 .1 66.7 ±  0.3
N itrogen:

% dry wt 10.8 ± 0 .1 10.2 ± 0 .3
Total, g 7.1 ±  0.1 5.1 ± 0 .3

Creatinine excretion,3
m g/d ay 5.5 ± 0 .2 3.5 ± 0 .3

1 T h e  d e ta ile d  d ie t  a n d  e x c re tio n  p a t te r n  fo r  g ro u p  
A r a t s  is  g iven  i n  ta b le  2 ; th a t  fo r  g ro u p  B r a ts  is  
lis te d  in  ta b le  3.

2 M ean  ±  s e fo r  10 ra ts /g ro u p .
3 D u r in g  la s t  w eek  p r io r  to  k illin g .
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TA B LE 5

Effect of  different amino acid deficiencies and  a free amino acid-containing  
diet on creatinine excretion of rats (exp. 3)

Diet 1
Measurement

Complete Lysine-
deficient

Methionine-
deficient

Threonine-
deficient

Body wt, g
Start 218 ± 3 2 235 ± 0 241 ± 2 232 ± 2
After 3 weeks 212 ± 7 211 ± 6 195 ± 5 185 ± 6

Food intake, g /d a y
1st week 1 6 .2 ±  1.4 15.1 ±  0.6 13.5 ±  0.9 12.0 ±  0.6
2nd and 3rd week 12.1 ± 1 .1 11.5 ±  0.5 11.5 ±  0.5 1 0 .2 ± 0 .7

Nitrogen intake, m g/d ay
1st week 136 119 113 100
2nd and 3rd week 102 91 97 85

Urine:
Volume, m l/d a y  

1st week 9.7 ± 1 .7 7 .6 ± 0 .9 8.4 ± 0 .8 9 .4 ±  1.6
2nd and 3rd week 7.1 ±  1.5 3.3 ± 0 .2 5 .5 ±  1.3 6 .3 ±  1.5

Nitrogen, m g/day  
1st week 34.7 ±  3.7 39.5 ± 4 .4 50.3 ± 9 .9 4 3 .3 ± 4 .0

Creatinine, m g/d ay  
1st w eek 11.2 ±  0.7 11.4 ± 0 .3 10.7 ±  0.3 10.4 ± 0 .4
2nd and 3rd week 10.5 ± 0 .4 6.8 ± 1 .1 7.8 ± 0 .2 7 .2 ±  1.0

1 T h e  ly s in e  a n d  m e th io n in e -d e fic ie n t d ie ts  w e re  to ta lly  d evo id  o f th e se  a m in o  a c id s ; th e  
th re o n in e -d e fic ie n t d ie t p ro v id ed  0 .03%  D L -threonine as a  p e rc en tag e  o f  d ie t.

2 M ean  v a lu e s  ±  se fo r  5 r a t s  over th e  p e rio d  o f  tim e  in d ic a te d .

weight does exist. It is clear, however, 
that these values are fortuitous since a 
comparison of the body weight and creati­
nine excretion values w ithin as well as 
between the 2 experim ents does not sup­
port this suggestion.

Experim ent 3. This experim ent was 
carried out to determ ine whether, and to 
w hat extent, specific amino acid deficien­
cies m ight influence the urinary creatinine 
excretion pattern. The results (table 5) 
show that creatinine excretion of the rats 
on all treatm ents was approximately 3 
times as high with these am ino acid diets 
as those values obtained with the stock 
diets or the protein-free diet in  experi­
m ents 1 and 2 (even though the ra ts were 
of sim ilar origin and body w eight). Dur­
ing the second and third weeks that the 
rats received their respective diets, the 
anim als’ creatinine excretion decreased 
significantly particularly with the amino 
acid-deficient diets, the excretion with the 
3 deficient diets being significantly less 
( P < 0 .0 1 )  than  that with the complete 
diet. There appeared to be little difference 
among the specific amino acid deficiencies 
studied.

The coefficients of variation in  daily 
creatinine excretion of individual ra ts were 
calculated for various diets throughout 
these experiments. These coefficients 
varied from a low of 6% for a ra t fed the 
undiluted stock diet continuously for 3 
weeks to a coefficient as high as 73% for 
a ra t during a second period when fed the 
50% diluted stock diet. For most rats the 
coefficient of variation for daily excretion 
values was between 10 and 20% and was 
always higher following a m ajor change in  
the dietary protein pattern.

DISCUSSION

These studies illustrate that dietary pro­
tein and amino acid content influence the 
creatinine excretion of adult rats and do so 
in  a m anner which is not easily predict­
able. Thus, creatinine excretion did not in ­
crease with an increase in  protein intake, 
since in  experim ent 3 the free amino-acid 
diet provided m uch less N than  any of the 
other experim ental diets. It m ay be, as 
Beard has suggested (3 ) , that free amino- 
acids stim ulate creatine synthesis, and 
subsequently creatinine excretion, more 
readily than  proteins.
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In  view of the changes in  creatinine ex­
cretion observed, considerable caution is 
needed in  the interpretation and utiliza­
tion of creatinine excretion values for eval­
uations of body composition and other 
related calculations such as basal m etab­
olism.

The lack of constant creatinine excre­
tion herein observed casts particular doubt 
on some of the underlying assum ptions in 
the classical determ ination of the biolog­
ical value of proteins. Thus, in the present 
study, the creatinine excretion decreased 
significantly during the protein-free feed­
ing period only to double upon continua­
tion of this feeding regimen. It is, how­
ever, possible th a t during the relatively 
short time during which biological value 
determ inations are carried out, such 
changes will not occur. Nevertheless, the 
possibility does exist and sufficient anom al­
ies have been recorded in  the literature for 
unaccountably high or low biological val­
ues to suggest that the endogenous N ex­
cretion, as determ ined from  a protein-free 
feeding regimen, m ight not always be a 
true reflection of the endogenous excre­
tion that occurs when dietary protein is 
available to the animal.
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ABSTRACT  The structure of the triglycerides of adipose, liver and kidney tissues 
of rats fed a fat-free diet and diets supplem ented w ith  corn oil, lard and m enhaden  
oil w as investigated. The triglyceride com position of the tissues had no direct rela­
tionship to that of the dietary fat. Q uantitative differences in  the triglyceride com posi­
tion of the tissues were produced by the different dietary fats as related to their fatty  
acid com positions. D ifferences between the triglyceride com position of the tissues in  
each group were indicated by the pattern of the distribution of the fatty acids. Such  
differences were especially apparent in  the anim als fed  m enhaden oil, as evidenced  
by high concentrations of triglycerides containing polyunsaturated fatty acids in  the 
liver and kidney tissues w hen compared w ith the epididym al fat pads. Structural 
analysis of the triglycerides of all tissues indicated that a com petitive interrelationship  
existed for the /3-position, increasing, in  order, w ith palm itic, oleic and linoleic acids. 
The higher polyunsaturated fatty acids of m enhaden oil did not take precedence over 
other fatty acids for the /3-position. The effect of sw itching the diets containing the 
different fatty supplem ents indicated that the norm al turnover of lipid in  the rat was 
a gradual process requiring at least 6 m onths.

The influence of dietary fa t on the fatty  
acid composition of anim al depot fa t has 
been known for m any years. Inform ation 
on the structure of triglycerides has been 
limited mostly to oils and fats from  com­
posite natu ra l products as opposed to 
individual tissues because of the lack of 
methodology required for such analyses. 
The possibility that the distribution of fatty 
acids among triglycerides of natu ral fats 
follows a simple m athem atical pattern, 
which could form  the basis of a simple 
analytical method, has been investigated 
extensively (1 -3 ) .  Recently, Vander Wal
(3 )  proposed a method based on a new 
set of calculations for the determ ination 
of triglyceride structure. Perkins (4 )  ap­
plied this method to the analysis of ra t 
carcass fa t and dem onstrated that the 
m ajor triglyceride types of this fa t approxi­
m ated a random  distribution. However, 
it was also shown via lipase hydrolysis, in 
accordance with the studies by M attson 
et al. (5 )  and Tove et al. (6 ) , that the 
fatty  acids were not distributed randomly 
among the triglycerides and that unsatu ­
rated fatty  acids were esterified preferen­
tially in the (3-position in anim als fed diets 
containing corn oil, hydrogenated vegeta­
ble-animal fa t shortenings or triricinolein.

In the present study, triglyceride struc­
tural analyses were carried out by a direct

method of analysis (7 )  on several tissues 
of rats fed a fat-free diet and diets supple­
m ented with corn oil, lard and m enhaden 
oil. The effect of switching the diets of 
each group to that of the other groups, 
on triglyceride structure, fatty  acid and 
lipid composition, was also determined.

EXPERIMENTAL

Materials and methods. The fats used 
in  these studies were obtained from com­
m ercial sources. Their triglyceride struc­
ture and fatty  acid composition are re­
ported in  the results.

Fatty acid composition was determ ined 
on methyl esters lay gas-liquid chromatog­
raphy ( GLC) with an F & M Scientific 
Corporation instrum ent equipped with a 
hydrogen flame detector (Model 609) and 
a 240 X 0.6 cm column packed with 8% 
ethylene glycol succinate polyester phase 
(EGSS-X, Applied Science Laboratory) on 
Chromosorb P, mesh size 100—120, at 175° 
and a carrier gas flow of 60 m l/m inu te.

Triglycerides and other lipids were inter- 
esterfied with m ethanol by heating 1 to 
10 mg of sample, sealed in  a glass ampule 
with about 3 ml of 5% dry HC1 in m etha­

R ece ived  fo r  p u b lic a tio n  A u g u s t 31, 1964.
1 S u p p o r ted  in  p a r t  by  N SPS  G ra n t no . A  4942.

J . N u t r it io n , 8 5 :  ’65 1 8 7
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nol, in  a boiling water bath for one hour. 
The methyl esters were recovered by ex­
traction with petroleum ether in  the usual 
m anner.

Quantitative analysis of the lipid classes 
was carried out by thin-layer chromatog­
raphy (TLC) as described previously (8 ) , 
using as reference compounds highly puri­
fied cholesterol, cholesteryl oleate, triolein, 
oleic acid and hydrogenated egg lecithin, 
obtained from The Hormel Institute.

The m ethod for the determ ination of 
triglyceride composition has also been de­
scribed (7 ) . It was carried out by quan­
titative thin-layer chromatography, using 
plates coated with silver n itrate im preg­
nated silicic acid and, using methyl penta- 
decanoate as an in ternal standard for 
quantification by GLC. The precision of 
this method was dem onstrated by the anal­
yses of standard m ixtures resulting in  a 
relative error of less th an  3% .

Nutritional experiments. Four groups 
of m ale w eanling ra ts of the Sprague- 
Dawley strain were fed ad libitum  a basic 
fat-free diet consisting of 16% vitamin- 
test casein, 74% sucrose, 4% a-cellulose, 
4% salt m ixture 2 and 1% casein contain­
ing vitam ins in  the required amounts. 
Vitamin A and E were mixed into the 
diet in  a diethyl ether solution and the 
ether was evaporated under reduced pres­
sure. The diets of three of the groups of 
anim als were supplem ented with 10% 
lard, corn oil and m enhaden oil, respec­
tively. The fourth group was m aintained 
with the fat-free diet. Five anim als of 
each group were killed after the second, 
fourth and sixth month. At the 6-month 
period the rem ainder of the anim als in 
each group were divided into 2 groups. 
The 2 groups receiving the lard diet were 
switched to the corn oil and m enhaden oil 
diets, respectively; the 2 groups receiving 
the corn oil diet were switched to the lard 
and m enhaden oil diets, respectively; and 
the 2 groups receiving the m enhaden oil 
were switched to the lard  and corn oil 
diets, respectively. All groups were con­
tinued on these switched dietary regimens 
for an additional 6 m onths and then killed.

The anim als were killed by exsanguina- 
tion by w ithdraw al of the blood from the 
aorta while they were under a light ether 
anesthetic. The tissues were excised im ­

mediately, frozen in dry ice and stored at 
—20° until they could be extracted. The 
epididymal fa t pads, livers and kidneys 
were pooled w ithin each group and ex­
tracted in  an Omin-mixer 3 times with 
about 100 ml of chloroform :m ethanol 
(2 :1  v /v ) . This extract was filtered and 
the solvent removed under reduced pres­
sure. The residue was extracted with 
chloroform dried over sodium sulfate, fil­
tered and the solvent evaporated again 
under reduced pressure.

Each sample of blood was centrifuged 
immediately, after the addition of a small 
am ount of sodium heparin to prevent co­
agulation, to separate the plasm a from  the 
cells. The plasm a was then extracted 3 
times with 100 ml of e thanol:ether (2 :1  
v /v )  and the lipid recovered in the usual 
m anner.

The lipid extracts were analyzed quan­
titatively by thin-layer chromatography, 
for cholesteryl esters, triglycerides, free 
fatty  acids, cholesterol and polar lipids. 
The polar lipids consisted mostly of phos­
pholipids and, henceforth, this fraction 
is designated as phospholipids. The sterol 
and steryl esters may also contain a m ix­
ture of compounds, but they consisted 
mostly of cholesterol and cholesteryl esters 
and are so designated. The triglyceride 
and phospholipid fractions were isolated 
by preparative TLC or silicic acid column 
chromatography. The fatty  acid composi­
tion of each phospholipid fraction and the 
structural analysis, as well as fatty  acid 
composition of each triglyceride fraction 
was determined.

RESULTS

The data for the 2- and 4-month-old 
groups of anim als indicated that the lipids 
of the tissues were still undergoing 
changes in  composition related to the diet 
at the end of the 4-month feeding period. 
The differences between the 4- and 6- 
month-old anim als were small, however, 
and thus the latter are reported to show 
the nature of the influence of the dietary 
fat.

Fatty acid, analysis. The distribution 
of fatty  acids between the phospholipids

2 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 r e  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 ience, 75 :  339.
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and triglycerides assum ed fairly well-de­
fined patterns which were influenced to 
only a m inor degree by the dietary fatty 
acid composition as shown in table 1. 
The results m ay be summarized briefly as 
follows:

Myristic acid, a m inor but widely dis­
tributed component, was consistently 
higher in  the triglycerides than  in  the 
phospholipids.

Palm itic acid was fairly evenly distrib­
uted between the triglycerides and phos­
pholipids in  the tissues of all groups.

Palmitoleic acid was concentrated in 
the triglycerides, although a small am ount 
was present in  the phospholipids, espe­
cially in  the fat-free group.

Stearic acid was observed predom inantly 
in the phospholipids of all tissues.

Oleic acid was observed in  higher con­
centrations in  the triglycerides than  in  
the phospholipids.

Linoleic acid varied considerably in  the 
various groups but was distributed fairly 
evenly in  both triglycerides and phospho­
lipids in most tissues.

TABLE 1
Fatty acid  composition of the dietary fats, the triglycerides and the phospholipids  

of the tissue of each group at the end of 6 m onths

Liver Kidney Epididymal Plasma
Diet Triglyc­

erides
Phospho­

lipids
Triglyc­
erides

Phospho­
lipids

Triglyc­
erides

Triglyc­
erides

Phospho­
lipids

% by wt % by wt % by wt % by wt % by wt % by wt % by zut % by wt
Lard group

14:0 1.4 2.1 tr 2.1 tr 1.8
16:0 23.4 29.1 19.8 30.1 32.2 26.6
16:1 3.2 7.6 1.6 7.1 tr 9.1
18:0 11.7 2.9 30.3 6.4 23.0 4.1
18:1 48.7 53.0 11.2 48.2 15.5 52.6
18:2 11.6 5.3 9.4 6.1 7.0 5.8
18:3 --- — — — tr —
20:3 — — 2.1 — — —
20:4 — — 25.6 — 22.3 —

Corn oil group
14:0 tr 1.4 0.4 1.6 tr 1.0
16:0 11.6 22.5 25.1 23.7 19.9 19.0
16:1 tr 8.1 1.0 4.7 tr 6.4
18:0 2.3 2.5 31.4 4.2 25.5 2,3
18:1 28.7 48.5 9.6 31.3 11.8 34.9
18:2 57.4 11.8 14.0 34.5 15.3 35.6
18:3 tr 1.4 1.9 — — 0.8
20:3 — 0.4 1.2 — 2.4 —
20:4 — 3.4 15.4 — 25.1 —

M enhaden group
14:0 9.2 2.6 4.5 6.7
16:0 24.9 26.4 32.3 35.2
16:1 13.5 13.2 12.1 21.1
18:0 4.9 2.9 5.9 3.8
18:1 20.6 25.3 34.5 31.9
18:2 1.2 1.4 2.1 1.3
18:3 2.2 1.3 — —
Others 1 23.5 26.9 8.6 —

Fat-free group 
14:0 1.0 0.4 2.0 1.6 1.6 0.5
16:0 29.8 24.2 33.3 10.4 24.7 28.3 23.9
16:1 10.4 8.3 11.0 6.3 17.0 15.8 7.6
18:0 4.2 17.4 5.2 21.6 1.6 3.1 16.7
18:1 53.5 25.0 48.5 28.8 55.1 49.9 28.3
18:2 1.1 1.0 — tr — 1.3 1.5
20:3 — 21.2 — 20.5 — — 19.8
20:4 — 2.5 — 12.4 — — 1.7

i Long-chain polyunsaturated fatty acids and minor constituents.



1 9 0 O. S. P R IV E T T , M . L. BLA N K  AND B. VERDINO

The higher polyunsaturated fatty acids 
also varied considerably in the various 
groups but were generally concentrated in 
the phospholipids.

L ip id  c la ss  a n a ly s i s .  The composition 
of the lipid classes conformed to character­
istic patterns in each tissue and the vari­
ations in the different groups were un­
expectedly small as shown in table 2.

The cholesteryl esters were generally 
lowest in the kidney, a minor component 
in the liver and a major component of the 
plasma lipids.

Triglycerides were the major component 
of the epididymal fat pads. The livers of 
all groups contained almost twice as much 
triglyceride as the kidney and plasma 
lipids.

TA BLE 2
Lipid class composition of tissues

L a rd  g roup C orn  o il g roup M e n h a d e n  g roup F a t-f re e  g roup

L iv e r K id n ey  P la s m a L iv e r  K idney L iv e r K idney L iv e r K id n ey  P la s m a

% by wt % by wt % by wt % by tut
Cholesteryl esters 2.9 tr 21.4 1.8 tr 5.0 tr 5.1 2.8 29.2
Triglycerides 33.4 18.2 16.4 26.4 16.7 27.4 23.0 33.4 19.9 14.2
Free fatty acids tr 3.7 5.7 tr 7.9 4.9 4.2 tr 3.3 1.4
Cholesterol 4.2 19.8 17.4 6.5 15.0 5.1 14.8 5.7 10.7 8.6
Phospholipids 59.5 58.3 39.1 65.3 60.4 57.6 58.0 55.8 63.3 46.6

TABLE 3
Triglyceride composition of diets and tissues

T r ig ly c e r id e s 1 L a rd  g ro u p  C o rn  o il g roup

aß a' Diet Epididymal Liver Kidney Diet Epididymal Liver Kidney
% by tut % by wt % by wt % by wt % by wt % by w t  % by wt % by xut

sss 2.4 2.3 1.8 2.2 tr 0.6 tr 2.0
SMS tr 15.9 10.3' 24.2j 1.6 1.3 5 .2 1 10.1SSM 24.0 4.5 6.9 2.5 2 .0/
SMM 3.5 31.9 51.31 33.5 J 4.6 7.5 34.71 12.4MSM 29.6 2.4 1.4J 1 .7 1 .7 /
SDS
SSD

0.1'
4.5J 2.2 0.5'

0.7J 3 .5} 2.7 5 .1
1.8

1.31
0 .8 / 10.0

MMM 8.5 25.0 11.0 18.4 3.9 8 .1 12.9 5.6
SMD 0.1 1.2 3.91 5.6 6.3 6.01
SDM 0.3 6.0 6.3 9.4 7.7 16.2 10.6 23.5
DSM 14.8 0.8 0.4 0.6 2.0 0.2
MDM 2.3 3.1 1.21 5.2 5.2 11.9 2.81 12.9MMD 4.3 2.7 1.4 8.0 8.8 2.9J
SDD ' 13.9 9.71 1 10.9DSD 0.5 0.3
MDD 5.6 2.0 2.9 3.6 19.2 12.6 18.91 10.4DMD 5.0 2.5
DDD 21.5 1.1 tr
Others — — — — — — 2.2

Menhaden group Fat-free group
Diet Epididymal Liver Kidney Epididymal Liver Kidney Plasma

% by w t  % by w t  % by wt % by wt % by wt % by wt % by wt % by wt
SSS 3.1 9.3 1.7 6.2 2.5 2.7 3.7 1.7
SMS 2.0 11.T

8'9j 28.7 12 .9 15.0' 29.0 11.6
SSM 15.9 23.0j 4.2 4.2 6.3
SMM 3.5 11.51 15.7] 33.1 40.1 57.1' 47.3 50.6
MSM 11.5 24.9 J 3.5 2.7^ 3.3
SDS 0.7 2.1 1.3 2.1SSD — —
MMM 2.6 16.1 6.9 8.9 36.8 18.3 20.0 23.1
Others 60.7 3.5 64.7 21.8 — — — 1.3

1 S, M  a n d  D in d ic a te  s a tu ra te d ,  m o n o en o ic  a n d  d ien o ic  a c id s , re sp ec tiv e ly .
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The free fatty  acids were a variable 
m inor component and considered to be 
largely an  artifact of the treatm ent in  the 
process of recovery of the lipid despite the 
precautions taken to avoid hydrolysis.

Cholesterol was generally highest in  the 
kidney lipids; a trace component of epi- 
didymal lipid and a m inor component of 
the liver. However, it m ay be varied con­
siderably by dietary factors, as has been 
well dem onstrated in  m any nutritional 
studies (9 ).

The percentage of phospholipid varied 
little in  the kidney and liver lipids and 
was a m ajor component of all of the tissues 
except the epididymal fa t pad. The lower 
values for phospholipid in  the plasm a 
lipid may be due to the different method 
of extraction used to recover the lipid from 
the tissue.

Triglyceride analysis. The results of 
these analyses (table 3) showed tha t al­
though the same types of triglycerides 
were present in  the fats of all groups, the 
am ounts of each type of triglyceride varied 
considerably in  relation to the fatty  acid 
composition of the diet. The diets with 
the more highly unsaturated  fa t produced 
greater am ounts of the unsaturated  types 
of triglycerides. However, there was little 
resem blance between the structures of the 
triglycerides of the dietary fa t and th a t of 
the tissues. This divergence in composition 
is well illustrated by the results in the lard 
group in  table 4, as well as in the gen­
eral sum m ary of the results presented in 
table 3.

TA BLE 4
Comparison of se lected triglyceride isomers of lard  

and  tissues of the animals fed  lard

T rig ly c e r id e s  1
L a rd E p id id y m a l L iv e r

a ß a '

%  b y  w t % b y  w t %  b y  w t
SM S t r 1 5 .9 1 0 .3
SS M 2 4 .0 4 .5 6 .9
S M M 3 .5 3 1 .9 5 1 .3
M S M 2 9 .6 2 .4 1 .4
S M D 0.1 1.2 3 .9
S D M 0 .3 6.0 6 .3
D S M 14 .8 0.8 0 .4

1 S, M . a n d  D in d ic a te  s a tu ra te d ,  m o n o en o ic  a n d  
d ien o ic  a c id s , re sp ec tiv e ly .

Differences also existed in  the structure 
of the triglycerides in  the various tissues 
as illustrated by the results presented in 
table 5 as well as in table 3. For example, 
the results in table 5 showed th a t whereas 
the distribution of the fatty  acids in  the 
triglycerides of the epididymal and kidney 
fa t corresponded closely to the pattern  
predicted by the Vander Wal method of 
calculation (3 ) , it deviated from  this pat­
tern in the triglycerides of the plasm a and 
especially in  those of the liver. The results 
in  tables 3 and 5 also showed that the de­
viation of the experim ental results from 
the calculated values were too great to 
perm it the determ ination of triglyceride 
structure by methods based on m athem a­
tical patterns of distribution.

In  keeping with the observation that the 
distribution of the fatty  acids did not con­
form to a strict m athem atical pattern  
was the form ation of certain triglyceride

TA B LE 5

Structure of tissue triglycerides from the fat-free group of animals

T rig ly c e r id e s  1 E p id id y m a l L iv e r K idney P la s m a

a ß a ' F o u n d C alcu ­
la te d  2 F o u n d C a lcu ­

la te d  2 F o u n d C alcu ­
la te d  2 F o u n d C a lcu ­

la te d  2

%  b y  w t % b y  rut % b y  w t %  b y  w t %  b y  w t %  b y  w t %  b y  w t % b y  w t

SSS 2 .5 1.4 2 .7 2 .1 3 .7 5 .4 1 .7 2 .4
SM S 1 2 .9 12 .0 1 5 .0 20.91 2 9 .0  j- 3 0 .4

1 1 .6 1 8 .9
SS M 4 .2 4 .9 4 .2 4 . 5 / 6 .3 5 .5
S M M 4 0 .1 4 1 .5 5 7 .1 45 .51 4 7 .3  j 4 4 .6 5 0 .6 4 4 .1
M S M 3 .5 4 .2 2 .7 2 . 4 / 3 .3 3 .2
SD S — — — — — 2 .1 —
SS D — — — — — - / —
M M M 3 6 .8 3 6 .0 1 8 .3 2 4 .6 20.0 1 9 .6 2 3 .1 2 5 .9
O th e r s — — — — — — 1.3 —

1 S, M  a n d  D in d ic a te  s a tu r a te d ,  m o n o en o ic  a n d  d ien o ic  a c id s , re sp ec tiv e ly .
2 C a lc u la te d  a c c o rd in g  to  V a n d e r  W al ( 3 ) .
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TA B LE 6

Percentage of total fa t ty  acids esterified a t  the  ß-position in  the total liver and  
ep id idym al triglycerides determined v ia  lipase hydrolysis ( 1 0 ) 1

F a tty
ac id

L a rd
g roup

C o rn  o il 
g roup M e n h a d e n  g roup  

E p id id y m a l L iv e r

F a t-f re e  g roup  

E p id id y m a l L iv e rE p id id y m a l E p id id y m a l

%  b y  tu t %  b y  w t %  b y  w t % b y -w t %  b y  w t %  b y  w t
1 4 :0 1 8 .5 14 .3 2 2 .4 2 9 .5 20.8 2 3 .3
1 6 :0 1 2 .3 15 .3 1 8 .2 1 2 .1 12 .8 7 .6
1 6 :1 3 4 .1 2 2 .9 4 0 .4 5 1 .8 3 7 .5 3 6 .2
1 8 :0 t r 7 .0 7 .9 9 .2 t r 1 5 .2
1 8 :1 4 2 .9 2 8 .4 4 8 .2 5 8 .7 4 2 .6 4 9 .4
1 8 :2 70 .1 5 2 .3 8 7 .2 88.1 — 5 7 .6
2 0 :5 — — — 1 1 .6 — —

1 A v a lu e  o f 33%  co rre sp o n d s  to  a  ra n d o m  d is tr ib u tio n  in  th e  /3-position; a  v a lu e  be low  33%  
in d ic a te s  e s te r if ic a tio n  m o s tly  in  th e  a- a n d  a '-p o s itio n s  a n d  a  v a lu e  above 33%  in d ic a te s  a  
p re fe re n c e  fo r  th e  /3-position.

isomers in  preference to others. For ex­
ample, in  the lard and corn oil groups, 
linoleic acid took precedence over all other 
fatty  acids for the (3-position. In  those 
glycerides containing only oleic, pal- 
mitoleic, palmitic and stearic acids as the 
m ajor components, oleic acid had a pref­
erence for the (3-position. These observa­
tions indicated that there was a prefer­
ential placem ent of fatty  acids in  the 
molecule and that it increased for the 13- 
position, in order, with palmitic, oleic and 
linoleic acids. This relationship was not 
based simply on the degree of unsatu ra­
tion because the higher polyunsaturated 
fatty  acids of the m enhaden oil group ap­
peared to be preferentially distributed in 
the a- and appositions. The distribution 
of the fatty  acids located in  the (3-position 
is illustrated by selected analysis via the 
lipase hydrolysis technique (10 ) shown in 
table 6.

The analyses reported in  the above 
tables for kidney triglycerides were limited 
by the am ount of sample. Only limited 
triglyceride analyses could also be per­
formed on the lipid of the anim als receiv­
ing the m enhaden oil because of the com­
plexity of the fatty  acid composition of 
this oil. A fairly complete analysis of the 
triglycerides of plasm a was possible for 
the fat-free group because blood from ani­
m als fed this diet became available from 
other studies.

Szuitched diet experiments. The results 
on the analyses of the anim als receiving 
the switched diets show the same relation­

ships as described above, as indicated by 
selected fatty  acid composition, lipid class 
and triglyceride composition analyses in  
tables 7, 8, and 9. These results also show 
that, although the values approach the 
originals, they had not been attained after 
the switched diets had been fed for 6 
months. For example, the linoleic acid- 
containing triglycerides for anim als fed 
the corn oil diet was 78.3% , but anim als 
fed the lard diet and then switched to corn 
oil had only 64.7% of the triglycerides 
containing linoleic acid. Thus, the tu rn ­
over of the lipid apparently had not been 
completed after 6 m onths of feeding the 
switched diets.

TA BLE 7

Effect of switch ing diets on the composit ion  
of ep id idym al triglyceride

T rig ly c e r id e  1>2 L a rd  to 
c o rn  o il

C o rn  o il 
to  la rd

%  b y  w t % b y  w t
s 3 0.9( 0 .6 ) 3 0.4 ( 2 .3 )
SoMi 7.7( 3 .8 ) 14.7 (2 0 .4 )
SlM2 16.5( 9 .2 ) 29.3 (3 4 .3 )
SoD i 3.2( 6 .9 ) 2.6 ( 2 .2 )
m 3 10.2 ( 8 .1 ) 17.1 (2 5 .0 )
SMD ( a n d  

i s o m e r s  ) 2 0 .7 (2 4 .5 ) 16.8 ( 8 .0 )
M2D 1 16 .8 (20 .7 ) 12.3 ( 5 .8 )
S1D2 7 .1 (1 0 .0 ) 2.1
M1D2 14 .3 (15 .1 ) 4.1J ( 2 .0 )Ds 2.0 ( 1 .1) t r  1
O th e r s 0.6 — 0.61
1 T h e  n u m b e r  s u b sc rip ts  d en o te  th e  n u m b e r  o f 

f a t ty  a c id s  in  e a c h  tr ig ly c e rid e  c la ss  w ith o u t re s p ec t 
to  p o sitio n .

2 S, M , a n d  D in d ic a te  s a tu ra te d , m o n o en o ic , a n d  
d ien o ic  a c id s , re sp ec tiv e ly .

3 P e rc e n ta g e  in  p a re n th e se s  in d ic a te s  th e  tr ig ly ce rid e  
s t ru c tu re  o f c o m  o il g ro u p s  f ro m  ta b le  3.

4 P e rc e n ta g e  in  p a re n th e se s  in d ic a te s  th e  tr ig ly ce rid e  
s t ru c tu re  o f la rd  g ro u p s fro m  ta b le  3.
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TABLE 8
Effect of switching diets on liver fa t ty  acid composit ion

Fatty Lard to corn oil Corn oil to lard
acid Triglycerides Phospholipids Triglycerides Phospholipids

% by wt % by wt % by wt % by wt
14:0 1.6 1.2 2.1 0.8
16:0 25.1 20.8 26.6 24.5
16:1 8.9 3.8 9.7 3.9
18:0 1.0 15.9 1.9 18.7
18:1 33.9 13.3 51.2 18.7
18:2 29.5 19.4 8.5 11.7
20:3 — 2.6 — 1.5
20:4 — 23.0 — 20.2

TABLE 9
Effect of switch ing diets on lipid class composit ion

Lard to corn oil Corn oil to lard
Liver Kidney Liver Kidney

% by zut % by wt % by wt % by wt
Cholesteryl esters 3.7 tr 4.1 tr
Triglycerides 27.1 15.8 21.5 20.6
Free fatty acids 7.6 4.1 3.1 4.7
Cholesterol 15.8 14.0 8.3 14.0
Phospholipids 45.8 66.1 63.0 60.7

DISCUSSION

In accordance with the general observa­
tions of other investigators (11 ) the pres­
ent study illustrates the profound influence 
of the fatty  supplem ent of the diet on the 
fatty  acid composition of the rat. The 
relatively small influence of the dietary 
fa t on the general lipid class composition, 
particularly of the liver and kidney, is note­
worthy in view of the large differences 
that m ay be effected in  p lasm a cholesterol 
by changes in  dietary fa t (9 ) .

Although m uch is known about the proc­
esses of digestion and absorption of fa t 
which affords an insight into the general 
nature of the synthesis of triglycerides in 
the intestinal mucosa, the factors involved 
in  the synthesis of triglycerides of specific 
structures is not known. The distribution 
of fatty  acids in  the synthesis of triglyc­
erides in the intestinal mucosa, which 
involves the acylation of absorbed m ono­
glycerides or the phosphatidic acid path ­
way, is believed to follow closely a random  
pattern  (1 3 ). However, our studies on the 
composition of intestinal lymph (14 ) indi­
cated that there is a preferential incorpo­
ration of fatty  acids into specific positions 
of the triglycerides. The lymph triglyc-

cerides differed from  those of other tissues 
in  that they contained relatively high con­
centrations of polyunsaturated fatty  acids, 
even in  anim als fed fat-free or low u n ­
saturated fa t diets. They resembled the 
triglycerides of the dietary fa t in  the re ­
spect tha t the [3-skeleton of a large portion 
of the dietary triglycerides was retained. 
In lard-fed anim als, lard having about 
65% triglycerides of the type containing 
palm itic acid in  the (3-position, the lymph 
triglycerides were characterized by having 
a relatively large num ber of triglycerides 
of the [3-palmito type. However, the pres­
ent study shows that this type of triglyc­
eride is very low in other tissues, indi­
cating, together with other considerations, 
that the metabolism of the triglycerides 
occurs in  fairly specific patterns in  each 
tissue. Linoleic acid occurred only in  trace 
am ounts in  [3-palmito triglycerides in  the 
lymph; th a t is, as LPO, LPL or LPS, even 
in  lard-fed anim als, illustrating its prefer­
ence for the (3-position in the triglycerides 
of this tissue as well as in  those analyzed 
here.3

3 The 3-letter combinations denote fatty acids ester- 
ified at the a-, ¡3- and a'-positions of glycerol moiety 
in that respective order. L. P , and O indicate lino­
leic, palmitic, and oleic acids, respectively.
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The preference of linoleic acid for the 
[3-position of triglycerides has also been 
observed in  studies on mouse fa t (6 ) , ra t 
carcass fa t (4 )  and thoracic lymph (1 2 ). 
All unsaturated  fatty  acids do not exert a 
preference for the [3-position as illustrated 
by the triglyceride composition of the tis­
sues of the anim als fed m enhaden oil in 
the present study. The higher polyunsatu­
rated fatty  acids were preferentially esteri- 
fied in  the a- and «'-positions in  this group. 
The analysis of the individual triglyceride 
types and simple m ixtures, into which the 
total triglyceride of each fa t was fraction­
ated, indicated that the preference for the 
[3-position depended on the particular tri­
glyceride. Linoleic acid appeared to be 
esterified preferentially in  the [3-position 
in  all triglycerides of which it was a con­
stituent, including the higher polyunsatu­
rated  fatty  acids of m enhaden oil which 
were concentrated in  the «- and «'-posi­
tions. In  triglycerides containing satu­
rated fatty  acids instead of linoleic acid, 
oleic acid was esterified predom inantly in 
the [3-position. In general, lipase analysis 
indicated that stearic and palm itic acid 
were esterified in  the a- and «'-positions, 
but again the distribution is probably re ­
lated to the constituent fatty  acids, and 
the precise relationship will have to be 
determ ined by more specifically designed 
experiments. In general, the order of pref­
erence for the [3-position appeared to be 
palmitic, oleic and linoleic acids. How­
ever, these observations, taken together 
with that of differences in  triglyceride 
structure from  tissue to tissue, indicated 
that the fatty  acids were tu rn ing  over in 
a regulated m anner and that the processes 
follow specific patterns in  each tissue. The 
general reaction m ay be regarded as a 
competitive relationship between fatty 
acids for lipid hosts as well as positional 
arrangem ent w ithin molecules leading to 
triglycerides and phospholipids of specific 
structures, dependent, however, on the 
type and am ount of fa t in the diet.

Delineation of the specific patterns of 
triglyceride compostion will have to await 
fu rther development in  methodology which 
will perm it a determ ination of the distri­
bution of the fatty  acids specifically in  the

a- and a'-positions, as well as the [3-posi­
tions, thereby providing a complete defini­
tion of each molecular species. At pres­
ent, m uch attention is being given to the 
application of m ultiple chrom atographic 
procedures for the isolation of individual 
triglycerides as a basis for a complete 
structural analysis of these compounds 
(1 5 ) .4 Methods based on m athem atically 
derived relationships are not generally ap­
plicable for such analysis as illustrated by 
the comparison of analyses by these tech­
niques with the experim ental values on 
liver and plasm a triglycerides in  the pres­
ent study. Moreover, it is evident tha t 
lipase methods m ust be interpreted with 
caution when not perform ed on individual 
triglycerides or simple m ixtures. For ex­
ample, whereas a lipase analysis on the 
total fa t m ay show that both oleic acid and 
linoleic acid are preferentially esterified in  
the 3-position, an  analysis of individual 
components will dem onstrate tha t the oleic 
acid is only preferentially in  the 3-position 
in triglycerides in  which it is associated 
with saturated fatty  acids.

Since there are individual tissue differ­
ences in  triglyceride structure in  anim als 
and probably plants, the analysis of proc­
essed fats, such as lard, for example, 
which consists of a m ixture of tissue fats, 
provides only limited inform ation on the 
metabolism of triglycerides. Analysis of 
tissue triglycerides, likewise, m ay not be 
nearly as inform ative as that of subcellu- 
la r particles into which tissues m ay be 
fractionated.

The experim ents, in  which the fatty  
supplem ents were switched, dem onstrated 
fu rther the relationships delineated above. 
The analysis of the tissues from anim als 
killed at interm ediate periods (no t re­
ported) showed that the turnover of the 
lipid was fairly slow with some tissues 
requiring at least 6 m onths, which is a 
large portion of the life span of the rat. 
Nevertheless, it is evident that the m etab­
olism of all lipid components are in 
equilibrium with each other in  a highly 
regulated m anner in  relation to the fatty  
acid composition of the dietary fat.

4 L itch fie ld , C., a n d  R. R e ise r 1964 A n a ly sis  o f 
tr ig ly c e rid e s  by  m u ltip le  c h ro m a to g ra p h ic  te c h n iq u es . 
P re s e n te d  a t  th e  W o rld  F a t  C ongress , H a m b u rg .
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t h e  E i c o s a t r i e n o i c  A c i d  L e v e l  i n  R a t  L i p i d s

RODOLFO R. B R E N N E R * 1 a n d  PEDRO JOSÉ
Cátedra de Bioquímica, Institu to  de Fisiología, Facultad de Ciencias 
Médicas, La Plata, Argentina

ABSTRACT  W eanling rats were fed  a fat-free diet, and a fat-free diet supple­
m ented w ith  4-deoxypyridoxine’HC1. The fatty acid com position of the lipids of 
heart, liver, epididym al fat, liver phospholipids and triglycerides were analyzed after 
feeding linoleate, linolenate and docosahexaenoate. The structure of octadecadienoate, 
eicosatrienoate and eicosatetraenoate w as recognized by reductive ozonolysis. The 
levels of eicosa-5 ,8 ,ll-trienoate were m arkedly lowered either by linoleate, linolenate  
or docosahexaenoate, thus showing a reduced conversion of oleate into eicosa-5,8,11- 
trienoate. Docosahexaenoate w as readily incorporated into the phospholipids and 
appeared to be a direct regulator of e icosa-5 ,8 ,ll-trienoic level, whereas linolenate was 
very slightly incorporated and appeared to produce, at least partially, the sam e effect 
through its conversion into docosahexaenoate. This phenom enon is thought to be 
related not only to a com petition in  the desaturating and elongating step of oleic, lino- 
leic and linolenic acids, but also to phospholipid synthesis.

Reports from this laboratory have shown 
tha t although dietary linoleate, as well as 
arachidonate, decreases the concentration 
of eicosa-5,8,ll-trienoic acid in  heart and 
liver lipids of the ra t, arachidonate m ay be 
a specific regulator of that effect, whereas 
linoleate appears to act m ainly through 
its conversion into arachidonic acid (1 ). 
These results led to our investigation on 
the interrelationship between linolenate 
and docosahexaenoate on eicosa-5,8,11- 
trienoic level. The effect of linolenate and 
docosahexaenoate on the disappearance of 
eicosa-5,8,-ll-trienoic acid was studied in 
rats reared with a fat-free diet or this same 
diet supplemented with 4-deoxypyridoxine- 
HC1 (D P).

MATERIALS AND METHODS 

Methyl linolenate 2 3 (18:3  gj3) 3 was more 
than  95% pure. No linoleate (1 8 :2  a)6) 
was detected by gas-liquid chromatography 
(GLC). Methyl docosahexaenoate (59% 
pure) (2 2 :6  go3) was obtained from an 
industrial fish o il4 (m ackerel) by saponi­
fication, fractional crystallization (2 )  and 
vacuum  distillation. It contained 0.1% 
eicosatetraenoic acid (2 0 :4 ) , 6.3% eicosa- 
pentaenoic acid (2 0 :5  co3) and was free 
from  linolenate, as estim ated by GLC. 
Methyl linoleate 95% pure was obtained 
from sunflower seed oil by the method of 
urea adducts (3 )  and vacuum  distillation.

W eanling 21-day-old male albino ra ts 
from  the strain  of the Institute were m ain­
tained under the conditions detailed in 
table 1. All the ra ts except the control 
group received the fat-free diet until they 
reached a plateau in  growth. One group of 
anim als was then fed the fat-free diet 
without pyridoxine but supplemented with 
450 mg 4-deoxypyridoxine-HCl/kg of diet, 
whereas the other group continued to re­
ceive the fat-free diet. In both groups of 
rats, the effect of daily adm inistration 
of 100 mg of methyl linolenate, m ethyl 
docosahexaenoate and methyl linoleate 
was studied. Methyl esters were adm in­
istered orally by microsyringe in  2 doses. 
To protect the esters from oxidation, 0.1% 
a-tocopherol (4 )  was incorporated.

The effect of pyridoxine on the anim als 
fed the fat-free diet plus the DP supple­
m ent was also studied. For 7 additional 
days, 5 anim als of this group were m ain­
tained with the same diet supplemented 
daily with 0.35 mg of pyridoxine/rat. 
Pyridoxine was adm inistered in  solution in 
2 doses.

Received for publication June 15, 1964.
1 Member of the Carrera del Investigador Científico, 

Consejo Nacional de Investigaciones Científicas y 
Técnicas, República Argentina.

2 Fluka, A. G., Ruchs, Switzerland.
3 The number before the colon denotes the number 

of carbon atoms, and the number after the colon, 
number of double bonds. The w-number denotes the 
position of the double bond nearest to the methyl end 
and points out family relationship; i.e., all fatty acids 
w3 belong to the linolenic acid family.

4 Gift of S. A. Copemar, Mar del Plata, Argentina.
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In comparison with our previous work
(1 )  low mortality was observed in all the 
pyridoxine-deficient rats. From the pyri- 
doxine-deficient groups 3 anim als died, 
whereas only one died from the other 
group. However all fat-deficient anim als 
fed the DP supplem ent showed a m arked 
decrease in their weights when compared 
with the fat-deficient groups, showing an 
additional effect of deoxypyridoxine in  this 
respect. For instance, the growth coeffi­
cient expressed as (W f — W i/W i) X 100 
(where Wi m eans initial weight of the 
ra ts 3 days before the fa t supplem entation 
or at the beginning of DP adm inistration; 
W f m eans final weight after 10 days, when 
the ra ts were killed) reached —0.69 for the 
fat-deficient anim als (group 1) and —8.16 
for fat-deficient rats receiving the DP sup­
plem ent (group 5). The adm inistration 
of pyridoxine (group 6) increased the 
growth coefficient to —3.77. The supple­
m entation of polyunsaturated acids pro­
voked a favorable growth response in  all 
the anim als, but this effect was unable to 
compensate completely for the sharp de­
crease in weight caused by the DP. These 
results are shown clearly by comparison 
of the high growth coefficients 2.99 and 
3.53 of fat-deficient rats receiving lino- 
lenate (group 3) and docosahexaenoate 
(group 4 ), respectively, to the low values 
—3.61 and —3.65 of sim ilar fat-pyridoxine- 
deficient ra ts fed the supplem ent with the 
same acids.

After the periods shown in table 1, the 
anim als were killed by ether anesthesia. 
The hearts, livers and epididymal fa t were 
quickly removed, weighed and pooled ac­
cording to groups. The tissues were im ­
mediately homogenized and the lipids ex­
tracted with chloroform :m ethanol (2 :1 )  
by the procedure of Folch et al. (6 ) . From 
the washed extracts, the total lipid content 
was estim ated in  aliquots by evaporation 
under reduced pressure. Phosphorous (7 ) 
and cholesterol (8 )  were determ ined in 
liver extracts. The liver lipids were dis­
solved in chloroform and fractionated by 
adsorption in  activated silicic acid.5 Tri­
glycerides and cholesterol esters were 
washed away with chloroform. Crude 
phospholipids were eluted with methanol. 
Pure triglycerides from groups 8 and 9 
were separated by thin-layer chromatog­

raphy on silicia gel G with petroleum ether, 
ethyl ether, and acetic acid (90:10:1) (9).

All the total lipids and lipid fractions 
separated were transesterified by refluxing 
3 hours under nitrogen with 3n  HC1 in 
m ethanol.6 The methyl esters were puri­
fied by sublimation (1 0 ) and analyzed by 
G.L.C. using a Pye apparatus with argon 
ionization detector. Glass columns 122- 
cm long with a 4-mm i.d. packed with 
10% polyethylene-glycol-adipate in  Chrom- 
osorb P (100-120 m esh) and 10% Apie- 
zon N in Celite 80-120 mesh at 190 and 
200° were used. The percentage composi­
tions were calculated from the surface of 
the peaks by triangulation. The individual 
esters, palm itate, palmitoleate, stearate, 
oleate, linoleate, linolenate, arachidonate, 
eicosatrienoate and  d o co sah ex aen o a te , 
were identified by comparison of their ad­
justed retention times relative to stearate 
with those of known standards. Docosatri- 
enoate, docosatetraenoate, docosapentae- 
noate (22:5co6) and docosapentaenoate 
(2 2 :5  co3) were tentatively identified by 
the carbon num ber (11 ) and by the proce­
dure of Ackman (12 ) (1 3 ). The structure 
of 20 :3  recovered from the liver phospho­
lipids of fat-deficient rats (group 1) and 
fat-deficient anim als receiving DP plus 
linoleate (group 7) was investigated by 
ozonolysis. U nsaturated fatty acids were 
separated from the phospholipids and con­
centrated by micro-crystallization (1 4 ) in 
acetone at —25 and —65°. Pure (>  99% ) 
20:3  methyl ester was recovered by pre­
parative GLC in the Pye apparatus with 
a 1-cm i.d. column packed with 10% poly­
ethylene - glycol - adipate. Eicosatrienoate 
was ozonized at —65° in 0.5 ml methylene 
chloride, reduced by triphenylphosphine 
(15 ) and the products of cleavage identi­
fied by GLC in 10% polyethylene-glycol- 
adipate. Aldehydes of 9, 7 and 6 carbon 
and aldehyde methyl esters of 5, 7, and 8 
carbons were recognized. These compo­
nents correspond with 5,8,11-, and 7,10,13- 
and 8,11,14-eicosatrienoic acids belonging 
to the oleic, palmitoleic and linoleic acids, 
respectively. However the proportion of 
the different isomers was different in  both 
groups of animals. In group 1, the ap­
proxim ate composition was 93, 5 and 2%

5 B ak e r  A n a ly zed  R ea g e n t, J . T . B ak e r C h em ica l 
C o m p an y , P h il l ip sb u rg , N e w  Jersey .

6 V an  G en t, C. M ., p e rs o n a l c o m m u n ic a tio n .
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of 5,8,11-, 7,10,13- and 8,11,14-acids, re­
spectively. In group 7, receiving linoleate, 
the relative proportions were 81, 5 and 
14% . This m eans that the relative pro­
portion of the 8,11,14-isomer depends 
upon the am ount of dietary linoleate, but 
it does not m ean that the total am ount of 
this acid is higher in  the anim als fed 
linoleate. The structure of 20 :4  separated 
from  the phospholipids of the anim als of 
group 7 (fat-deficient +  DP +  linoleate) 
was investigated in  a sim ilar way. The 
m ain component was arachidonic acid, 
containing m inim al am ounts of eicosa- 
7 ,1 0 ,1 3 ,16-tetraenoic acid (palmitoleic 
fam ily).

In the fat-deficient ra ts the linoleate 
peak of the gas-liquid chrom atogram  was 
im mediately followed by small am ounts 
of another ester of Cis (recognized by 
hydrogenation). This peak was concen­
trated and separated together with the 
linoleate by preparative GLC and studied 
by reductive ozonolysis. Aldehydes and 
aldehyde esters corresponding to 9,12-, 
8,11-, 6,9- and 5,8-octadecadienoates were 
observed, proving the existence of small 
am ounts of isomers belonging to the lino- 
leic, palmitoleic, oleic and vaccenic series, 
respectively.

RESULTS

The prim ary effects of the dietary 
changes were noted in  the fatty  acids of 
liver (table 2 ) and heart (table 3). Liver

phospholipids (table 4) were very sensi­
tive to the presence and type of polyenoic 
acids in the diet. Triglycerides from the 
liver and epididymal fat, on the contrary, 
were not affected as m uch by these acids. 
Only linoleate was readily incorporated 
into the triglycerides in ra ther large 
am ounts (19%  in epididymal fa t from 
group 2 ). Linolenate was incorporated in 
m inim al proportions (0.7%  and 1% , re­
spectively, in  epididymal fa t and liver tri­
glycerides of group 8 ). This low incorpo­
ration of 18:3 u3 into the depot fa t of the 
ra t agrees with results of M ohrhauer and 
Holman (1 6 ). Furtherm ore, these investi­
gators proved that the am ount incorpo­
rated is proportionally related to the 
am ount in  the diet. Similar results were 
obtained in fish by Reiser et al. (1 7 ). Die­
tary docosahexenoate was also incorpo­
rated in  small am ounts in  triglycerides 
(1%  in epididymal fa t of group 9). Poly­
unsaturated  fatty  acids (2 0 :3 , 20 :4 , 20 :5 , 
and 2 2 :6 ) synthesized by the ra ts from the 
corresponding precursors, were observed 
in m inor am ounts in  the depot fat.

The conversion of dietary 18:2  u6 into 
20:4 u6 and 18:3 gj3 into 20:5 w3, 22:5 a>3 
and 22:6  o>3, was clearly shown by com­
paring the compositions of total lipids of 
heart and liver (tables 2 and 3, groups 2 
and 3 vs. 1) and liver phospholipids (table 
4, groups 2 and 3 vs. 1). Notwithstanding, 
an im portant difference was observed be­
tween the linoleate and linolenate series.

TABLE 2
Fatty acid  composition of liver lipids

F a t-f re e  d ie t  F a t-free  d ie t w ith o u t p y rid o x in e  + D P

C o n tro l F a t-
free + 1 8 :2 fb 18 :3 + 22:6

F a t- 
f r e e  + 

DP
+ P y r i­
d o x in e + 1 8 :2 + 1 8 :3 + 22:6

G ro u p  no. C 1 2 3 4 5 6 7 8 9

F a t ty  a c id s  1
% % % % % % % % % %

1 6 :1  2 4 .1 6 .5 4 .1 4 .1 4 .3 7 .5 6.0 7 .4 5 .4 4 .2
1 8 :1 1 8 .4 3 2 .5 2 3 .8 2 3 .5 2 4 .7 4 4 .0 4 3 .7 3 6 .4 3 7 .0 2 7 .7
1 8 :2 6 .9 1 .2 5 .5 0 .3 0 .9 0.2 0 .5 3 .6 0 .3 0 .9
1 8 :3 — 0.2 — 0 .9 — — — — 0.6 0 .4
2 0 :3 0 .4 1 4 .0 2.6 3 .8 2 .9 9 .8 1 1 .6 2 .7 3 .1 2 .9
2 0 :4 1 9 .5 4 .8 1 7 .7 2.8 3 .2 3 .1 3 .4 9 .0 1 .7 2.6
2 0 :5 — — — 8.0 5 .3 — — 0 .4 5 .5 4 .0
2 2 : 5  m 3 0 .3 t r 0 .4 1 .9 t r t r t r t r 0 .5 0 .4
2 2 :6 0.6 0 .5 2.8 7 .0 8 .3 t r t r 0 .5 3 .8 8.0

1 P r in c ip a l  u n s a tu r a te d  ac id s  on ly .
2 T h e  n u m b e r  b e fo re  th e  co lon  d en o te s  n u m b e r  o f c a rb o n  a to m s , a n d  th e  n u m b e r  a f te r  th e  co lon , n u m b e r  

o f d o u b le  b o n d s ; th e  a> d en o te s  p o s itio n  o f d o u b le  b o n d  n e a r e s t  to  th e  m e th y l en d .
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TA B LE 3

Fatty  acid composition of heart lipids

F a t-f re e  d ie t F a t-free  d ie t w ith o u t p y rid o x in e  + D P

C o n tro l F a t-
free + 18 :2 + 18 :3 + 22:6

F a t- 
f r e e  + 

DP
+ P y r i­
d o x in e + 1 8 :2 + 18 :3 + 22:6

G ro u p  no . C 1 2 3 4 5 6 7 8 9

F a t ty  a c id s  1
% % % % % % % % % %

1 6 :1  2 2 .5 4 .8 3 .0 3 .1 4 .2 5 .1 3 .9 3 .0 3 .7 3 .5
1 8 :1 1 7 .7 2 7 .4 2 1 .2 2 4 .7 2 4 .3 3 6 .8 3 0 .7 2 2 .5 2 8 .5 2 6 .7
1 8 :2 1 4 .5 2.6 1 4 .5 2.8 1 .9 1.0 1 . 1 1 7 .6 1.8 2 .4
1 8 :3 0.6 t r 0 .3 2.8 — 0 .3 0.2 0.1 1.6 0 .4
2 0 :3 0 .7 1 7 .4 8.2 1 1 .5 1 1 .0 1 4 .6 18 .3 10 .4 1 3 .2 1 0 .5
2 0 :4 1 9 .5 5 .4 1 0 .9 8 .5 8.1 4 .8 6 .9 9 .6 6 .5 7.1
2 0 :5 — 0.1 t r 3 .2 1.4 t r — — 2.0 1 . 1
2 2 : 5  o> 3 t r t r 0 .4 1 .2 t r t r t r t r 1.0 0 .3
2 2 :6 1.2 0.6 2.0 2 .7 7 .4 0.6 1 .4 0.8 2 .4 7.1

1 P r in c ip a l  u n s a tu r a te d  ac id s  on ly .
2 T h e  n u m b e r  b e fo re  th e  co lon  d en o te s  n u m b e r  o f c a rb o n  a to m s, a n d  th e  n u m b e r  a f te r  th e  co lon , n u m b e r  

o f d o u b le  b o n d s ; th e  co d en o te s  p o s itio n  o f d o u b le  b o n d  n e a re s t  to  th e  m e th y l end .

TA B LE 4

Fatty  acid composition of liver phospholipids

F a t-f re e  d ie t F a t-free  d ie t w ith o u t p y rid o x in e  + D P

Control Fat-
free + 18:2 + 18:3 + 22:6

Fat- 
free + 

DP
+ Pyri­
doxine + 18:2 + 18:3 + 22:6

Group no. C 1 2 3 4 5 6 7 8 9

Fatty acids 1
% % % % % % % % % %

16:1 2 2.8 4.5 3.6 3.1 3.2 7.2 5.5 4.4 4.9 4.9
18:1 10.0 21.0 13.9 17.7 11.5 30.5 25.1 19.0 19.4 19.1
18:2 7.7 1.0 5.4 0.8 0.7 0.5 0.6 3.5 0.4 0.4
18:3 tr — tr 0.9 — — — tr 0.6 tr
20:3 0.5 16.3 3.1 4.3 4.3 15.0 17.8 4.7 5.3 3.2
20:4 27.8 8.9 22.1 3.5 4.8 5.8 7.7 20.1 2.8 3.7
20:5 — 0.1 tr 8.9 7.5 — tr — 8.7 5.8
22: 5 co 3 0.1 tr tr 2.2 tr tr tr 0.1 1.5 0.3
22:6

Phospho­
lipids, %

1.2 1.3 2.7 9.5 17.8 0.7 0.9 1.1 9.0 12.9

(P  % X 25 ) 3.22 2.60 2.95 3.18 2.70 2.63 2.83 2.39 2.93 3.23

1 P r in c ip a l  u n s a tu r a te d  ac id s  only .
2 T h e  n u m b e r  b e fo re  th e  co lon  d en o te s  n u m b e r  o f c a rb o n  a to m s, a n d  th e  n u m b e r  a f te r  th e  co lon , n u m b e r  

o f d o u b le  b o n d s ; th e  a> d en o te s  p o s itio n  o f d o u b le  b o n d  n e a re s t  to  th e  m e th y l end .

Linoleate was readily incorporated in total 
lipids and phospholipids in  large amounts 
and at the same time, it was substantially 
converted into arachidonate. Linolenate 
was incorporated only to a small degree, 
but a large proportion was converted into 
the corresponding pentaenoic and hexae- 
noic acids. In 7 days of feeding 18:3 a>3, 
this conversion did not reach the steady 
state, since in  3 additional days liver 
20 :5  u3 and 2 2 :6 cj3 increased from  8.0 
to 10.1% and 7.0 to 8.1% , respectively.

E icosa-5,8,ll-trienoic acid increased to 
high levels in the liver and heart of fat- 
deficient rats. These high values were 
effectively reduced by 18:2 w6 and 18:3 <¿3 
(tables 2, 3 and 4 ), although the latter 
was incorporated only slightly into the 
lipids. M orhrhauer and Holman (16, 18) 
observed sim ilar results, reporting that the 
level of 20 :3  was lowered by 18:3 in  the 
same m anner as when 18:2 or 20 :4  was 
fed. A more effective and even more effi­
cient decrease of eicosa-5,8,ll-trienoic
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acid was observed when 22:6 was included 
in  the diet (tables 2, 3 and 4, group 4). 
Rahm  and Holm an (19 ) recently reported 
the same results. They showed th a t not 
only 22: 6 oj3 and 20 : 4 o)6 but also 22 :5  o)3 
are more effective than  18:2 o)6 and 
18:3 oj3 in  reducing 20 :3  o)9 content in  
the rat. The percentage of oleate was de­
creased either by 18:2 o)6, 18:3 o)3 or 
2 2 :6  oj3, whereas 20 :4  cj6 content was re­
duced in  the liver by feeding 18:3 o)3 or 
22 :6  oj3. All rats fed linoleate showed a 
slight increase in  22:5co6 compared with 
those anim als receiving a fat-free diet. 
This increase was also observed by Rahm 
and Holman (1 9 ). The variations noted 
were from 0.4 to 1.8% and 0.7 to 1.0% 
in liver and heart total lipids, respectively. 
In liver phospholipids the increase cal­
culated was from 0.7 to 2.3% .

The 4-deoxypyridoxine-HCl (D P) in  the 
diet was included to complement this first 
part of the experiment. The DP produced 
an antipyridoxine effect (tables 2 and 3, 
group 6 vs. 5) in  the rats, and lower per­
centages of 20 :4  o>6, 20 :5  o)3 and 22 :6  o)3 
were apparently synthesized from  linoleate 
and linolenate, respectively (tables 2 and 
3, groups 7 and 8 vs. 2 and 3 ). However, 
the am ounts of 20 :4  o)6, 20 :5  o)3 and 
22 :6  cj3 produced in the presence of DP 
were high enough to reduce the percentage 
of 20 :3  o>9 to very low values, thus con­
firming the previous results. The percent­
age of eicosatrienoic acid was also reduced 
in this experim ent by DP supplem entation 
alone (tables 2 and 3, group 5 vs. 1 and 6). 
This result does not appear to agree with 
our previous work (1 ) , but sim ilar results 
m ight be obtained when the total am ount 
of 20 :3  is calculated per liver, multiplying 
the percentages of that fatty  acid by the 
am ount in  milligrams of total non-choles­
terol lipid per liver. The quantity of eico­
satrienoic acid calculated in this way for 
the liver of fat-deficient rats fed the DP 
supplem ent was sim ilar to that estim ated 
in  fat-deficient anim als receiving pyri- 
doxine (table 5, group 5 vs. 6 and 1). Al­
though the am ount of 20 :3  o)9 was not 
decreased by the addition of DP, oleic acid 
increased markedly, thus suggesting that 
not only the transform ation of 18:2 o)6 
into 20 :4  a)6 and of 18:3 o)3 into 20:5co3 
and 22 :6  a)3 are lowered by DP, but also

the transform ation of 18:1 o)9 into 20:3 o)9. 
In general it m ight be postulated that the 
polyunsaturated acid form ation is partially 
decreased by the lack of pyridoxine.

DISCUSSION

The comparison between all these re­
sults and those obtained previously (1 )  
on linoleate and arachidonate, leads us 
to consider that the eicosa-5,8,ll-trienoic 
level is not reduced by the direct displace­
m ent by linoleate or linolenate but ra ther 
by their conversion into more unsaturated  
acids, namely, arachidonic, eicosapentae- 
noic and docosahexaenoic acids.

In the case of linoleate, Dhopeshwarkar 
and Mead (20 ) have proposed tha t this 
effect m ight be due to a competition be­
tween oleic and linoleic acids for the en­
zymes involved in  their transform ation 
into polyunsaturated fatty  acids. Mohr- 
hauer and Holman (2 1 ) have also agreed 
with this explanation in  the case of feed­
ing linoleate and linolenate. Furtherm ore, 
they have shown tha t not only the con­
version of oleate into eicosatrienoate, but 
also the conversion of linoleate into arach­
idonate, is likewise patrially inhibited by 
dietary linolenate. They attribute this 
effect to a substrate competition, and that 
linoleate and linolenate competitively oc­
cupy the enzymes responsible for dehy­
drogenation and chain lengthening. How­
ever, either dietary 20 :4  <j 6 (1 )  or 22 :6  o)3 
readily and effectively decrease the 20:3 o)9 
level. Therefore, these acids are directly 
responsible for the inhibition in the form a­
tion of 20 :3  o)9. Since the inclusion of 
linoleate and linolenate in  the diet pro­
duces 20 :4  cj6 and 22:6o)3 synthesis, re ­
spectively, the inhibition caused in  the 
form ation of 20 :3  o)9 from oleic, m ay be 
due not only to a competitive action be­
tween 18:2 o)6 or 18:3 o)3 desaturation and 
elongation, on the one hand, and 18:1 on 
the other, but also to a direct effect of syn- 
thetized 20:4o)6 and 22:6  o)3. Consider­
ing that 20 :4  o)6, 22 :5  o)3 and 22 :6  o)3 are 
more effective than  18:2 o)6 and 18:3 o)3 
in  reducing 20:3  o)9 content, we m ay ex­
trapolate for those acids the observation of 
M ohrhauer and Holman (2 1 ) that the 
order of affinity for the enzyme sites ap­
parently depends on the degree of unsatu ­
ration of the acid ( the order of affinity was
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linolenate >  linoleate >  oleate). Arachi- 
donate and docosahexaenoate, in such a 
case, would probably inhibit its own syn­
thesis from linoleate and linolenate. To 
avoid this effect, 20:4a)6  and 22 :6  u3, to 
the extent that they are synthesized, m ust 
be removed from  the system by some 
m echanism . We consider that this m ech­
anism  involves the incorporation of fatty  
acids into phospholipids.

In  previous experim ents (22, 23) we 
have shown tha t 20 :3  a>9, 20 :4  co6 and 
22:6 gj3 are preferentially directed, in  vivo, 
to the same position of phosphatidyl 
choline and phosphatidyl ethanolamine. 
Lands and Merkl (24, 25) have also shown 
that, in  vitro, ra t liver microsomes prefer­
entially incorporate linoleate or oleate in 
the [3-carbon and stearate into the a'-car- 
bon of acylglycerophosphoryl choline and 
acylglycerophosphoryl ethanolam ine. Fur­
thermore, these investigators have pro­
vided evidence that of the unsaturated  
acids, oleic and linoleic, linoleic was a 
better substrate than  oleic acid for the 
[3-acyl transferase. Lorch et al. (2 6 ) have 
recently reported th a t microsomal systems, 
in  vitro, actually synthesize fatty  acids 
which appear directly as phospholipids, 
the microsomal enzymes being also re­
sponsible for the dehydrogenation of lino­
leic (27, 28), o leic7,8 and other fatty  acids
(2 9 ) into polyunsaturates. Thus, poly­
unsaturated  fatty  acids are preferentially 
incorporated into the [3-position of glycero- 
phosphatides, and the synthesis of phos­
pholipids can be produced in  the same sub- 
cellular particle where the desaturation 
takes place.

Comparing these results we believe that 
m arked competition between 20 :3  co9, 
20 :4  co6 and 22 :6  a>3 m ay take place in 
their incorporation into the 3-carbon of 
phospholipids and this competition m ay be 
interrelated with polyunsaturated fatty  
acid synthesis. The following simplified 
diagram  shows the possible mechanism.

1 8 :2 -> 2 0 :4  +  r enz7m el  phospholipids
18:3 —> 22:6 +  L system sj

Step 1 Step 2

In the interm ediate reactions of step 1 
there appears to be competition in  the de­
saturation and elongation of the 3 acids or 
at least a different rate of conversion, but

step 2 is, in  our opinion, another im portant 
place where the level of polyunsaturated 
fatty  acids may be controlled. Competition 
of the polyunsaturated fatty  acids for the 
step-2 enzyme systems (probably lyso- 
phospholipid 3-fatty acyl transferase) may 
remove preferentially certain fatty  acids, 
favoring the corresponding desaturating 
reaction (step 1) to go fu rther and both 
steps 1 and 2, working together displace 
one polyunsaturated fatty  acid for other. 
We prefer the lysophospholipid 3-acyl 
transferases as the enzymes responsible 
for this effect considering the work of 
Lands and Merkl (24, 25) as well as the 
observation of Stein et al. (3 0 ). These 
investigators showed that in  aortic homog­
enates linoleic acid was confined to the 
3-position of lecithin when lysolecithin was 
used, whereas it was incorporated in  both 
a'- and 3-position with a-glycerophosphate.
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ABSTRACT  W eanling rats were fed  heated and raw soybean rations at environ­
m ental temperatures of 10° to 30°. At 30°, the growth rates w ith the raw soybean 
were markedly less than w ith  the heated; at 10° the growth rates w ith raw m eal were 
only slightly less than w ith the heated m eal. Furthermore, anim als fed the raw m eal 
at 10° grew more rapidly than at 30°, contrary to the usual temperature effect on 
growth rate, whereas those fed the heated m eal grew more slowly at 10° than at 30°. 
The supplem entary effect of am ino acids added to raw soybean rations was observed 
at 30° in  confirm ation of previous results.

Separation of the growth inhibitor from 
raw soybean m eal is an objective of this 
laboratory. During the course of a series 
of ra t growth assays of raw  soybean frac­
tions for growth inhibiting effects, variable 
growth responses were observed when 
aliquots of the same fraction were fed in 
successive experim ents over a period of 
several months. An exam ination was made 
of the date of the feeding experiments 
with respect to the extent of growth in ­
hibition by the soybean fraction. This 
suggested tha t greater growth inhibition 
occurred at those times when the environ­
m ental tem perature in  the anim al room 
m ight have been higher, insignificant 
growth depression occurred during times 
of lower environm ental tem perature in  the 
anim al room. To test for a possible rela­
tionship between growth inhibition by raw 
soybean and environm ental tem perature, 
the growth rates of w eanling rats fed 
heated and raw  soybean m eal were deter­
m ined at several environm ental tem pera­
tures.

PROCEDURE AND RESULTS

W eanling rats of the Holtzman strain 
were fed 25% heated and raw  soybean 
m eal rations following the procedure de­
scribed in an earlier publication (1)- The 
anim als were housed at constant environ­
m ental tem perature. Studies were made 
at 5° increm ents from 10° to 30°.

The ra ts fed heated soybean meal and 
housed at 30° m ade the most rapid 
growth with a decline in growth rate as 
the tem perature was lowered. The oppo­
site effect was noted with raw soybean

m eal feedings. The lowest growth rate was 
obtained at 30° with an  increase in  rate 
as the tem perature was lowered to 10°. 
The growth rates at 10° and at 30° are 
presented in  table 1 for 3 different soybean 
m eal samples. Since the growth rates at 
interm ediate tem peratures approxim ated a 
straight line relationship, these are omitted 
for brevity. A comparison of the growth 
rates on heated and raw soybean rations 
indicates clearly that at low environm ental 
tem peratures, little growth inhibition is 
shown by raw  soybeans. On the other 
hand, at higher environm ental tem pera­
tures the growth inhibition by raw  soy­
beans is distinctly accentuated over that 
noted previously (1 , 2).

Rats housed at the low tem perature and 
fed raw soybean m eal consumed essenti­
ally the same am ount of food as those fed 
the heated meal. Because the food con­
sum ption by rats fed the raw m eal at 30° 
was markedly less than  those fed the 
heated meal, a paired-feeding experim ent 
was conducted at this tem perature. Ac­
cording to the results presented in  table 1, 
approximately one-half the growth dif­
ferential between heated and raw soybean 
m eal at 30° appears to be due to the re­
duced food intake of anim als fed the raw  
soybean meal. A further calculation of the 
food intake with respect to body weight was 
made from the record of daily food intake 
and daily anim al weight. This value was

Received fo r pub lica tion  Septem ber 24, 1964.
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paper no. 1582, Jo u rn a l Series, N ebraska  A gricu ltu ra l 
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TA BLE 1
Environmental temperature and the growth rate of  tveanling rats fed  soybean m eal rations 1

E n v iro n m e n ta l  te m p e ra tu re

S oybean
sam p le

10 ° 30°

R aw
W t g a in R aw W t g a inH ea ted in ta k e H e a te d in ta k e

g / d a y % g / d a y g / d a y % g / d a y

1 H e a te d 3 .6 3 9 0 10 .2 4 .6 5 55 8.6
R a w 3 .2 9 10 .2 2 .5 4 6 .5

2 H e a te d 3 .4 2 9 7 1 0 .7 4 .2 7 54 8.1
R a w 3 .3 3 10.8 2 .2 9 6.0

3 H e a te d 3 .5 5 90
9 .8 4 .1 7 5 8 8 .4

R a w 3 .1 8 10 .1 2 .4 1
76

6 .4
H e a te d ,  p a i r - f e d  w i th  r a w 3 .1 5 6 .5

3 H e a te d  +  0 .6 % D L -th re o n in e  +  0 .2 %  D L -v alin e 4 .0 2
91

8.2
R a w  +  0 .6 %  d l - th r e o n i n e - |- 0 .2 %  D L -v alin e 3 .6 6 7 .9

1 A ll r a t io n s  c o n ta in e d  25%  o f so y b ean  m e a l a n d  0 .6%  o f D L-m ethionine. T h e  h e a te d  m e a l  w as  
p re p a re d  f ro m  th e  ra w  m e a l by  a u to c la v in g  a t  120° fo r  30 m in u te s . E a c h  ra t io n  w as  fe d  to  
4 fe m a le  a n d  4 m a le  w e a n lin g  r a ts  fo r  20 day s. A n im a ls  w e re  p a ire d  as to  l i t te r ,  sex , a n d  
in i t ia l  w e ig h t.

12.0 g food consumed /1 0 0  g body weight 
/d ay  for the ra ts fed the heated soybean 
m eal ration, 11.1 g for those fed the raw 
meal, and 10.4 g for those fed the heated 
m eal but pair-fed with the anim als receiv­
ing the raw meal. These data indicate that 
depression of food intake by raw soybeans 
is not the m ajor factor in  the growth de­
pression. Also, pair-feeding under these 
conditions imposes an unfa ir disadvantage 
to anim als fed the heated soybean m eal 
ration.

D ata reported previously (2 )  indicated 
that amino acid supplem ents tended to 
equalize the growth rates with heated and 
raw soybean rations. Since these feeding 
experim ents were conducted at a tem per­
ature of approximately 22° (range, 18° 
to 26 °), these studies were repeated at 
30°. The results presented in table 1 
establish that an amino acid supplement 
is similarly effective at 30°.

DISCUSSION

The im portance of conducting nutrition 
experim ents at a known, constant, and 
optimal tem perature is well recognized. 
The chance directing of our attention to 
the effect of environm ental tem perature 
has fortunately given different and ap­
parently anomalous results with anim als 
fed raw  soybean meal. Animals fed raw 
soybean grew more rapidly at lower en­
vironm ental tem peratures, an effect which 
is contradictory to that observed with the

usual ration (3 -5 ) . Furtherm ore, the 
growth differential between raw and 
heated soybean m eal was m uch dim in­
ished in  anim als housed at 10°. A some­
w hat sim ilar effect has been reported by 
Klain et al. (5 )  with anim als fed amino 
acid im balanced diets. These authors sug­
gest tha t the severe metabolic derange­
m ents occurring in  amino acid imbalance 
feeding in  warm  environm ents do not 
occur in colder environments. Such an 
hypothesis is an attractive one to consider 
in  anim als fed raw soybeans. The anim als 
at low environm ental tem perature make 
metabolic adaptations, other than  mere 
metabolic rate changes, which either by­
pass or otherwise render inocuous the heat- 
labile growth inhibitor of raw  soybeans.
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ABSTRACT  The effect of various dietary carbohydrates on the urinary and fecal 
excretion of nitrogen, m ethionine and lysine in rats w as determined. Rats fed raw- 
potato starch and dextrin diets excreted a larger am ount of fecal nitrogen and am ino 
acids than rats fed sucrose, glucose or cornstarch. Rats fed raw-potato starch excreted  
less urinary nitrogen and more urinary m ethionine and lysine than rats fed carbohydrate 
from the other sources. During the growth period, rats fed raw-potato starch and 
dextrin exhibited low est m ethionine availability compared w ith the rats fed  sucrose, 
cornstarch, or glucose. During the protein repletion period, there were no significant 
differences in  m ethionine availability am ong the various groups. The low  protein u tili­
zation by rats fed raw-potato starch w as accom panied by lowered excretion of urinary 
nitrogen and by increased excretion of urinary m ethionine and lysine.

Investigators have dem onstrated that 
certain starches, m ainly those derived 
from tubers, were more poorly utilized 
than  the starches derived from  cereals. 
H arper and Katayam a (1 )  postulated that 
the slower growth ra te of ra ts fed a raw- 
potato starch diet was caused by the de­
crease in  the utilization of dietary protein. 
Booher et al. (2 )  and Jelinek et al. (3 )  
hypothesized th a t a heat-labile digestive-re­
sistant substance present in  raw-potato 
starch was responsible for the swift pas­
sage of food through the digestive canal, 
resulting in  low protein utilization.

Folin (4 )  investigated the metabolism of 
protein by analyzing the urinary nitrogen 
compounds. In more recent studies, Kiri- 
yama and Ashida (5 )  observed that the 
nutritive value of protein is reflected in  the 
relative am ounts of nitrogen compounds in 
the urine of rats. Other investigators (6—
8) have reported that the urinary excre­
tion of amino acids depends upon the 
quality and quantity of dietary protein. 
Feeding protein of low biological value was 
associated with the excretion of larger 
am ounts of amino acids in the urine.

Previous workers (9 -1 1 )  have postu­
lated tha t the effect of different carbohy­
drates upon the utilization of dietary pro­
tein is related to the rate of the passage of 
the carbohydrate through the gastrointes­
tinal tract. The slower movement of the

more complex carbohydrates m ight, there­
fore, improve the digestion and absorption 
of protein. This relationship of dietary 
carbohydrate to protein digestion and to 
the process of protein absorption and 
catabolism in the anim al body is not 
thoroughly understood.

In the present study the effect of car­
bohydrates on the excretion of urinary n i­
trogen, lysine, and m ethionine was inves­
tigated. In addition, the availability of 
m ethionine for ra ts in  wheat gluten as af­
fected by the nature of carbohydrates is 
also reported.

EXPERIMENTAL

Five experim ental diets were prepared 
using the following carbohydrates: raw- 
potato starch, cornstarch, sucrose, dextrin, 
and glucose. The composition of diets is 
shown in table 1. W eanling, m ale rats of 
the Sprague-Dawley strain were divided in ­
to 5 groups of 12 according to body weight 
and litter origin. The experim ental diets 
were fed to the ra ts when they were 4 
weeks old and weighed 70 to 80 g. Food 
and water were provided ad libitum. Body 
weight and food consumption for each ani- * 1 2

R ece ived  fo r  p u b lic a tio n  A u g u s t 17, 1964.
1 P u b lish e d  w ith  a p p ro v a l o f th e  D ire c to r, W y o m in g  

E x p e r im e n t S ta tio n , as  J o u rn a l  P a p e r  no . 240.
2 S u p p o r ted  in  p a r t  by  fu n d s  f ro m  th e  R eg io n al 

P ro je c t W -57 o f  th e  W e s te rn  A g ric u ltu ra l  E x p e r im e n t 
S ta tio n s .
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TABLE 1

Composition of diets

W heat gluten
%
24

Carbohydrate 1 61
Hydrogenated fat 8
Salt m ixture USP XIV 4
Cod liver oil, USP 2
Vitam in m ix 2 1

1 C a rb o h y d ra te  so u rces : p o ta to  s ta r c h  ( r a w ) ,  c o rn ­
s ta r c h , su cro se , d e x tr in ,  glucose.

2 V ita m in  m ix  s u p p lie d : ( i n  m g /k g  o f d ie t)  th ia ­
m in e , 5; p y rid o x in e , 5; m e n a d io n e , 5; c o b a la m in  co n ­
c e n t ra te  (3  m g /g )  5; r ib o flav in , 10; n ic o tin ic  acid , 
20; C a p a n to th e n a te ,  20; d -to co p h ery l s u c c in a te , 75; 
fo lic  a c id , 5 .5; b io tin , 0 .3; in o s ito l, 400 ; a n d  c h o lin e  
c h lo rid e , 1 ,000.

mal were recorded weekly during the 15- 
week study. The feces and urine from the 
rats were collected during 3 successive 
periods: 1) the growth period (5  days be­
ginning the fourth w eek); 2 ) the protein- 
depletion period (5  days beginning the 
twelfth w eek); and 3) the protein-reple­
tion period (5  days beginning the fifteenth 
week). During the protein-depletion period, 
the ra ts were fed nitrogen-free diets in  or­
der to m easure endogenous urinary  nitro­
gen and metabolic fecal nitrogen respec­
tively. After the protein-depletion period, 
each group was fed its previous test ration, 
and the feces and urine of each ra t were 
again collected for the determ ination of 
fecal and urinary nitrogen, and of amino 
acids in the protein-repletion period. In 
changing from one diet to another, 3 days 
were allowed to elapse before excreta were 
again collected.

During the collections, the anim als were 
housed in  metabolic cages; the feces and 
urine were collected daily, refrigerated and 
composited for the 5-day collection period. 
Toluene was used as a preservative for 
the urine. At the end of the collection, the 
cages, screens, and funnels were washed 
with distilled water, and the washings 
were added to the collected urine. The 
urine from each ra t was evaporated to 50 
ml, and a 20-ml aliquot was added to 20 
ml of 8  N  HC1. The sealed sample was 
autoclaved for 6 hours at 120°. The HC1 
was evaporated to dryness under reduced 
pressure. The residue was dissolved in  dis­
tilled water, decolorized with 0.5 g of acti­
vated charcoal, filtered with suction and 
diluted to volume. The fecal samples were 
preserved with 30 ml of 2 n  HC1. The

composited fecal samples were hom ogen­
ized and diluted to 100 m l with distilled 
water. Ten milliliters of the homogenate 
were added to 10 ml of 12 n  HC1 and auto­
claved under the same conditions as the 
urine. Total nitrogen in the feces and 
urine was determ ined by the micro- 
Kjeldahl m ethod (1 2 ); lysine and m ethio­
nine were determ ined microbiologically
(1 3 ). Differences in  m eans were tested 
using D uncans multiple range test (1 4 ).

RESULTS AND DISCUSSION

The total weight gain and the food 
consum ption for rats as affected by the 
type of dietary carbohydrate have been 
published in  a previous paper (1 5 ) . In 
the present paper, the data given concern 
only the excretion of total nitrogen, lysine 
and m ethionine. The influence of carbo­
hydrate source on fecal and urinary nitro­
gen excretion is shown in table 2; the 
excreted nitrogen is expressed as a per­
centage of the ingested nitrogen. During 
the growth period, the protein-depletion 
period, and the protein-repletion period, 
the fecal nitrogen excreted by rats fed raw- 
potato starch and dextrin was significantly 
higher (P  <  0.05) than  the fecal nitrogen 
excreted by rats fed the other carbohydrate 
sources. The experim ent determ ined that 
the fecal nitrogen excreted by ra ts fed 
raw-potato starch was not related to the 
am ount of nitrogen ingested. R ather the 
nature of the carbohydrate determ ined the 
am ount of fecal nitrogen excretion. A 
study of the data shows that rats fed raw- 
potato starch always excrete the highest 
percentage of fecal nitrogen, whether or 
not protein is fed with the raw  potato 
starch. Furtherm ore, during the protein- 
repletion period, the total nitrogen intake 
by rats fed dextrin was the highest, but 
the dextrin-fed rats excreted less fecal 
nitrogen than  the rats fed raw-potato 
starch.

On the other hand, rats fed raw-potato 
starch excreted less urinary nitrogen than 
rats fed carbohydrate from the other 
sources during the growth, protein-deple­
tion, and protein-repletion periods (table
2). The low excretion of urinary nitrogen 
by rats fed raw-potato starch may have 
been a reflection of reduced protein tu rn ­
over. Perhaps these turnover rates are
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TA B LE 2

Total fecal and urinary nitrogen excreted by rats fed various carbohydrate diets

Carbohydrate
source

Total
food

intake
Nitrogen

intake
Urinary
nitrogen

Urinary
N /N

intake
Fecal

nitrogen
Fecal
N /N

intake
9 9 9 % 9 %

Growth period
Raw potato starch 50.7 1.677 0.775 46.21 ± 3 .0 " 3'4 0.412 24.55 ±2.5"
Cornstarch 41.1 1.389 0.876 63.30 ±  2.1° 0.066 4.75 ±0.6»
Sucrose 40.5 1.372 0.850 6 1 .9 5 ±  1.4e 0.067 4.88 ±0.5»
Dextrin 47.5 1.660 0.919 57 .4 3 ±  l . l b 0.114 7 .1 2 ±  0.5b
Glucose 43.4 1.440 0.933 64.79 ±2.2" 0.067 4.64 ±  0.4C

Protein depletion period
Raw potato starch 52.8 — 0.138“ — 0.158" __
Cornstarch 30.5 — 0.173b __ 0.048" __
Sucrose 36.5 — 0.186b — 0.027" __
Dextrin 43.0 — 0.208b — 0.083b __
Glucose 38.2 — 0.199b — 0.054" —

Protein repletion period
Raw potato starch 65.8 2.094 1.208 57.69 ±  2.3" 0.339 16.18 ±  1.7"
Cornstarch 57.6 1.880 1.418 7 5 .4 3 ±  1.8° 0.131 6.91 ±0 .1»
Sucrose 57.0 1.910 1.440 75.39 ±  1.4" 0.112 5.86 ±  0 .8b
Dextrin 68.8 2.320 1.581 6 8 .1 4 ±  1.2» 0.178 7.67 ±  0.5b
Glucose 65.6 2.187 1.636 7 4 .8 0 ± 2 .4 C 0.128 5.85 ±  0.9b

1 T w elve  r a ts /g ro u p .
2 F iv e -d ay  p e rio d s .
3 M ea n  +  se .
4 M ean s  h a v in g  th e  sam e  s u p e r s c r ip t  a re  n o t  s ig n if ic a n tly  d iffe re n t (P  <  0 .0 5 ).

related to protein utilization since the ex­
cretion of urinary nitrogen is high when 
protein utilization is high and vice versa; 
also the low excretion of urinary nitrogen 
by rats fed raw-potato starch m ay be re­
lated to the deam ination of amino acids 
into urea, which is low when the protein 
digestion and utilization are low. Schimke
(1 6 ) dem onstrated tha t the urinary urea 
increased as the dietary level of protein 
increased. However, in  this study, dietary 
protein level was constant.

The lysine and m ethionine concentra­
tions in  the urine of ra ts fed the various 
carbohydrate diets are presented in  table 3. 
The excreted lysine and m ethionine are 
also expressed as percentages of the in ­
gested amino acids. In contrast with the 
urinary  nitrogen excretion, significantly 
larger am ounts of lysine and methionine 
(P  <  0.05) were excreted in the urine of 
ra ts fed raw-potato starch during the 
growth, the protein-depletion, and the pro­
tein-repletion periods. Apparently the high 
urinary lysine and m ethionine excreted by 
rats fed raw-potato starch was not related 
to the am ount of protein intake because 
during the protein-depletion period, protein

was not included in the diets, and also 
during the protein-repletion period, the 
highest food intake was observed in  rats 
fed dextrin as the carbohydrate source. 
The greater urinary excretion of lysine and 
m ethionine by ra ts in  the raw-potato starch 
group m ay have been caused by a failure 
of the kidneys to reabsorb the filtered 
amino acids. The increased quantity of 
amino acids in  the urine m ay also indicate 
a lim ited capacity of the ra ts to catabolize 
amino acids. It appears tha t the type 
of dietary carbohydrate affects not only 
the digestion and absorption of protein 
through the gastrointestinal tract, but also 
the protein assim ilation and catabolism as 
well. This study points out that the urinary 
composition is indicative of the utilization 
of dietary protein.

The apparent m ethionine availability 
for ra ts was calculated as the ratio of the 
total fecal m ethionine absorbed and the 
total m ethionine ingested. The results are 
shown in  table 4. During the growth 
period, the apparent availability of m ethio­
nine was significantly lower (P  <  0.05) 
when ra ts were fed raw-potato starch than  
when the ra ts were fed carbohydrates from
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TA BLE 3
U r in a r y  l y s i n e  a n d  m e t h i o n i n e  e x c r e t io n  i n  r a ts  f e d  v a r io u s  c a r b o h y d r a te  d ie ts  1

C arb o h y d ra te
so u rce

M e th io n in e
in ta k e

U rin a ry
m e th io n in e

U rin a ry
m e th io n in e /
m e th io n in e

in ta k e

L y sin e
in ta k e

U rin a ry
ly s in e

U rin a ry
ly s in e /
ly s in e
in ta k e

m g m g % m g m g %

G ro w th  p e r io d
R a w  p o ta to  s t a r c h 1 6 9 .0 2 .0 1 .1 8  ± 0 . 1 6 “ ™ 1 6 4 .3 7 .4 5 .0 7  ± 0 . 8 0 “
C o r n s t a r c h 1 3 6 .0 0 .8 0 .6 3  =t 0 .06» 1 3 3 .1 2 .9 2 .1 7  ± 0 .1 6 »
S u c ro s e 1 3 7 .0 0 .5 0 .3 6  ±  0 .0 9 b 1 3 4 .2 2 .9 1 . 8 6 ±  0 .10»
D e x t r in 1 5 7 .0 0 .9 0 .5 9  ±  0 .0 7 b 1 5 4 .0 3 .4 2 . 1 5 ±  0 .1 8 »
G lu c o s e 1 4 3 .6 0 .8 0 .5 6  ±  0 .0 1 b 1 4 0 .5 2 .6 1 .8 6  ± 0 .1 8 »

P r o te i n  d e p le t io n  p e r io d
R a w  p o ta to  s t a r c h — 0 .6 “ — — 4 .3 “ —
C o r n s t a r c h — 0 .4 b — — 2 .6» —
S u c ro s e — 0 .4» — — 2 .7» —
D e x t r in — 0 .7 “ — — 3.5» —
G lu c o s e — 0.4» — — 2.9» —

P r o te i n  r e p l e t i o n  p e r io d
R a w  p o ta to  s t a r c h 2 1 8 .0 5.1 2 .3 3  ±  0 .2 5 “ 2 1 3 .4 1 0 .3 4 . 9 0 ±  0 .5 0 “
C o r n s t a r c h 1 9 0 .0 2 .3 0 .8 1  ±  0 .0 5 cd 1 8 6 .7 4 .6 2 .3 9  ± 0 .1 0 »
S u c ro s e 1 8 8 .8 1 .9 1 .0 0  ± 0 . 1 6 bc 1 8 4 .7 4 .8 2 .5 1  ± 0 .2 2 »
D e x t r in 2 2 7 .7 3 .1 1 .2 7  ± 0 .1 7 » 2 2 2 .8 6 .6 2 . 9 7 ± 0 . 1 8 b
G lu c o s e 2 1 7 .4 1 .4 0 .6 4  ± 0 . 0 5 d 2 1 2 .7 3 .7 2 .1 3  ± 0 .0 9 »

1 F iv e -d ay  p e rio d .
2 M ean s  ±  s e .
3 M ean s  h a v in g  th e  sam e  s u p e r s c r ip t  a re  n o t s ig n if ic a n tly  d iffe re n t ( P  <  0 .0 5 ).

TA BLE 4
M e th io n in e  a v a i la b i l i t y  f o r  r a ts  f e d  v a r io u s  c a r b o h y d r a te  d ie ts  1 ( g r o w th  p e r io d )

C arb o h y d ra te
so u rce

M e th io n in e
in ta k e

M eth io n in e  
i n  feces

M e th io n in e  2 
a b so rb ed

A p p a re n t 
m e th io n in e  
a v a i la b il i ty  3

m g m g m g %
R a w  p o ta to  s t a r c h 1 6 9 .0 1 6 .6 1 5 2 .4 9 0 .1  ± 1 . 4 “ 4's
C o r n s t a r c h 1 3 6 .0 2 .7 1 3 3 .3 9 8 .0  ± 0 .8 »
S u c ro s e 137 .1 1 .6 1 3 5 .5 9 8 .8  ±  0 .1»
D e x t r in 1 5 7 .0 6 .8 1 5 0 .2 9 5 .6  ± 0 .8 =
G lu c o s e 1 4 3 .6 1 .9 1 4 1 .7 9 9 . 0 ±  0.4»

1 F ive-day  co lle c tio n  p eriod .
2 M e th io n in e  a b so rb ed  = m e th io n in e  in ta k e  m in u s  m e th io n in e  in  feces .
3 A p p a re n t m e th io n in e  a v a i la b il i ty  = m e th io n in e  a b s o rb e d /m e th io n in e  in ta k e .
4 M ean  ±  s e .
5 M ean s  h a v in g  th e  sam e  s u p e r s c r ip t  a re  n o t s ig n if ic a n tly  d if fe re n t (P  <  0 .0 5 ) .

all other sources. The apparent m ethionine 
availability for ra ts of the dextrin group 
was lower than  tha t for ra ts in  the raw- 
potato starch group but higher than  that of 
ra ts in  the other 3 groups.

The apparent amino acid availability is 
only an  approxim ate m easure for the utili­
zation of amino acids in  protein since the 
fecal amino acids derived from  food and 
those derived from the intestinal tract and 
its secretions were not determ ined sepa­
rately. Following the m ethod of Mitchell
(1 7 ) , the true m ethionine availability for

rats as affected by the nature of the car­
bohydrates was also investigated. The data 
are presented in  table 5. The true m ethio­
nine availability for ra ts fed raw-potato 
starch was slightly lower, although not 
statistically significant, than  tha t of rats 
fed the other types of carbohydrate.

Compared with the true lysine avail­
ability results (1 5 ) , considerably less m e­
thionine than  lysine was excreted in  the 
feces when the ra ts were fed carbohydrate 
from  the 5 sources. In a previous experi­
m ent (1 5 ) , the true lysine availability for
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TA B LE 5

M e th io n in e  a v a i la b i l i t y  f o r  r a ts  f e d  v a r io u s  c a r b o h y d r a te  d ie ts  1 ( p r o te in  r e p le t io n  p e r io d )

C arb o h y d ra te
so u rce

M e th io n in e
in ta k e

T o ta l
fe c a l

m e th io n in e

M etab o lic
fe c a l

m e th io n in e

F e c a l 
food  

m e th io ­
n in e  2

T o ta l
m e th io n in e  
a b so rb ed  3

T ru e
m e th io n in e  

a v a i la b il i ty  4

m g m g m g m g m g %
R a w  p o ta to  s t a r c h 2 1 8 .1 1 5 .7 1 0 .9 4 .8 2 1 3 .3 9 7 .7 9  ±  0 .9 "  5’6
C o r n s t a r c h 1 9 0 .8 5 .6 1.3 3 .3 1 8 7 .5 9 8 .2 0  ± 0 . 4 "
S u c ro s e 1 8 8 .8 2 .7 1.5 1 .2 1 8 7 .6 9 9 .3 6  ±  0 .3 "
D e x t r in 2 2 7 .7 6 .0 5 .3 0 .7 2 2 7 .0 9 9 .6 9  ± 0 . 8 "
G lu c o s e 2 1 7 .4 1.8 1.1 0 .7 2 1 6 .4 9 9 .5 5  ± 0 . 1 "

1 F iv e -d ay  co llec tio n .
2 F e c a l food  m e th io n in e  = to ta l  f e c a l  m e th io n in e  m in u s  m e ta b o lic  fe c a l  m e th io n in e .
3 T o ta l m e th io n in e  a b so rb ed  = to ta l  m e th io n in e  in ta k e  m in u s  f e c a l  food  m e th io n in e .
4 T ru e  m e th io n in e  a v a i la b il i ty  = to ta l  m e th io n in e  a b s o r b e d / to ta l  m e th io n in e  in ta k e .
5 M ean  +  s e .
6 M ean s  h a v in g  th e  sam e  s u p e r sc r ip t  a re  n o t  s ig n if ic a n tly  d if fe re n t (P  <  0 .0 5 ).

rats fed raw-potato starch was 70.5% , 
whereas in the present experim ent the true 
m ethionine availability for ra ts fed the 
same carbohydrate was 97.8% . This evi­
dence indicates tha t a significantly larger 
am ount of m ethionine in  wheat gluten was 
metabolized by the rats. The higher avail­
ability of m ethionine in  wheat gluten 
m ight explain the increase in  the growth 
of ra ts fed wheat gluten with lysine, 
whereas the addition of lysine and m ethio­
nine to the w heat gluten diet was no more 
effective in  prom oting growth than  the 
addition of lysine alone.3 This result was 
unexpected because m ethionine is the sec­
ond lim iting amino acid in  wheat gluten.

Investigators (1 8 -2 0 ) have studied the 
availability of individual amino acids for 
m an and animals. They have found that 
the analytically determ ined amino acids 
in  a protein m ay not be available for 
assimilation. The present study establishes 
tha t in  w heat gluten lysine is less available 
for assim ilation than  methionine. Never­
theless, more inform ation about the quan­
titative aspects of amino-acid availability 
in  food proteins would be useful in the 
calculation of supplem entary amino acid 
requirem ents for unbalanced proteins.

The stim ulating effect of dextrin on the 
growth of ra ts and chicks has been 
observed by m any investigators. Monson 
et al. (10, 11) reported tha t chicks fed a 
dextrin diet grew faster than  those sup­
plied w ith a sucrose diet. These workers 
suggested tha t the superiority of dextrin 
to sucrose m ay have been caused by the 
better utilization of dietary protein or of 
am ino acids as a result of the prolonged

residual time of the dextrin in  the gastro­
intestinal tract. This study and our pre­
vious studies do not support this hypothe­
sis, since, with respect to the digestibility 
of protein and the availability of lysine in  
rats, dextrin was found inferior to corn­
starch, sucrose and glucose. According to 
the data obtained in  our laboratory, the 
food intake by rats fed dextrin was usually 
higher than  that of ra ts fed sucrose or 
glucose. It, therefore, appears likely that 
the results obtained by previous investi­
gators showing a superiority of dextrin to 
sucrose could have been caused by a 
greater intake of food by ra ts in  the dex­
trin group (table 2 ). This greater food 
intake m ay depend directly upon the phys­
ical properties of dextrin ra ther than  upon 
an indirect nutritional effect of this carbo­
hydrate. Such a conclusion corresponds 
with Spivey’s observations (2 1 ).
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Influence of Dietary Protein on Complement, 
Properdin, and Hemolysin in Adult 
Protein-depleted Rats * 1

M A R Y  A L IC E  K E N N E Y , L O T T E  A R N R IC H , E V E L Y N  M A R  a n d  
C H A R L O T T E  E . R O D E R U C K
F o o d  a n d  N u t r i t i o n  D e p a r t m e n t , I o w a  S ta te  U n iv e r s i t y  o f  S c ie n c e  a n d  
T e c h n o lo g y ,  A m e s ,  I o w a

A B S T R A C T  T h r e e  i m m u n o p r o te i n s  w e re  m e a s u r e d  i n  n o r m a l  a n d  i n  p r o te in -  
d e p le te d  a d u l t  m a le  r a t s  a n d  i n  a n i m a l s  w h ic h  h a d  b e e n  d e p le te d  o f  p r o t e in  f o r  4  
w e e k s  a n d  t h e n  r e p l e t e d  f o r  2  o r  3 w e e k s  w i th  a  d ie t  c o n ta in in g  9  o r  1 8 %  c a s e in ,  
9  o r  1 8 %  e g g  p r o t e in ,  9 %  so y  a - p r o te in ,  9 %  so y  a - p r o te in  p lu s  0 .2 5 %  m e t h io n in e ,  
9 %  w h e a t  g lu t e n ,  9 %  w h e a t  g lu t e n  p l u s  0 .3 5 %  ly s in e ,  o r  w i th  s to c k  r a t i o n .  O n e  
m i l l i l i t e r  2 %  s h e e p  e r y th r o c y te s  w a s  i n j e c t e d  2  w e e k s  b e f o r e  t h e  e n d  o f  th e  e x p e r i ­
m e n t ,  a n d  a n t ib o d y  t i t e r  w a s  m e a s u r e d  a t  i n t e r v a l s  t h e r e a f t e r .  C o m p le m e n t  a n d  p r o ­
p e r d i n  w e r e  t i t r a t e d  i n  s e r u m  o b ta in e d  a t  a u to p s y .  T i te r s  o f  a n t ib o d y ,  b u t  n o t  o f  
c o m p le m e n t  o r  p r o p e r d in ,  d e c r e a s e d  s ig n i f i c a n t ly  i n  th e  f i r s t  6  w e e k s  o f  p r o t e in  
d e p le t io n .  W e ig h t  g a i n  a n d  r e p l e t i o n  o f  n i t r o g e n  i n  l i v e r  a n d  i n  s e r u m  w e r e  r a p i d  
i n  a n i m a l s  r e p l e t e d  w i t h  s to c k  r a t i o n ,  1 8 %  e g g  p r o t e i n  o r  1 8 %  c a s e in ,  a n d  s lo w e s t  
i n  th o s e  f e d  9 %  so y  a - p r o te in  o r  9 %  w h e a t  g lu te n .  I n  c o n t r a s t ,  p r o p e r d in  a n d  a n t i ­
b o d y  t i t e r s  w e r e  i n v e r s e l y  r e l a t e d  to  r a t e  o f  g a in  a n d  a ls o  to  t h e  to t a l  a m o u n t  o f  
s u l f u r  a m in o  a c id s  i n  th e  d ie t .

Behavior of serum globulins in protein 
m alnutrition is paradoxical. The im pair­
m ent of antibody form ation by protein 
deprivation (1 , 2 ) m ay not be accom­
panied by lowered concentration of the 
antibody-containing y-globulin fraction of 
serum (3 ) . Moreover, protein depletion 
does not influence resistance to various 
organism s in the same way (4 , 5 ).

Form ation of antibody to Salmonella 
paratyphi B in  growing rats was optimal 
if the diet contained 23% protein (mostly 
casein), in  com parison with diets fu rn ish ­
ing 7 or 43% (6 ) . Similarly, repletion of 
hypoproteinemic ra ts with 18% egg pro­
tein allowed greater production of hem ol­
ysin than  feeding 9% .2 Hemolysin titers 
were higher in  depleted anim als fed beef 
for 7 days before im m unization than  in  
those repleted only 2 days with the same 
diet, but titers were still below those of 
norm al controls (1 ) . In adult hum an 
subjects, 20 g egg pro tein /day  were su­
perior to an  equivalent am ount of milk 
protein for production of typhoid and teta­
nus antibodies (7 ) . However, when milk 
plus egg supplied 58 or 143 g protein /day, 
titers were generally lower than  when the 
same am ount of protein was provided by 
m ilk alone.

Among the factors other than  antibody 
which contribute to resistance are various 
naturally occurring serum  proteins such 
as properdin (8, 9) and the components of 
complement (1 0 ). Complement activity 
was significantly less in  young adult rats 
fed 7% protein than  in  those fed 23%
(6 ) . Although no effect was noted in 
saline-injected anim als, properdin titers 
of streptomycin-treated adult ra ts  were 
raised by the addition of a commercial 
baby milk food plus vitam ins A and D- to 
a stock diet consisting of w heat and Bajra 
flours, milk, and “vegetables” (1 1 ). Since 
titers of properdin have been increased by 
giving vitam in A to ra ts slightly deficient 
in  that nutrien t (1 2 ) , and since supple­
m entary milk and vitam ins were not tested 
singly in the streptomycin-treated anim als, 
it is not possible to determ ine w hether the 
added protein m ay have influenced pro­
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a n d  M etab o lic  D iseases.

2 G lab a is , J . J . 1946 T h e  b io lo g ica l v a lu e  o f egg  
p ro te in s . IV . N u tr i t io n a l  e ffec tiv en ess  o f th e  p ro te in s  
o f d e h y d ra te d  w h o le  eggs as m e a s u re d  by  h e m o ly s in  
fo rm a tio n  in  h y p o p ro te in e m ic  ra ts .  U n p u b lis h e d  M.S. 
T h es is . L ib ra ry , Io w a  S ta te  U n iv e rs ity  o f  S c ience  a n d  
T echno logy , A m es, Iow a.

J .  N u t r i t i o n , 8 5 : ’6 5 2 1 3
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perdin titers. Thus the effects of dietary 
protein on complement and properdin have 
not been studied extensively, although 
m easurem ents of im m unoproteins have 
been suggested as a sensitive m easure of 
changes in  nutritional state (12, 13).

The present study relates form ation of 
specific im m unoproteins to the course of 
protein metabolism after partial repletion 
of adult protein-depleted rats, by com par­
ing titers of anti-sheep hemolysin, pro­
perdin, and complement with weight gain 
and nitrogen content of serum  and of liver.

P R O C E D U R E

Groups of 6 to 14 m ale W istar rats 
averaging 450 g were depleted of nitrogen 
for 4 weeks with a low nitrogen d ie t3 and 
then repleted for 2 or 3 weeks. Repleted 
anim als were compared with controls fed 
stock ration 4 continuously and with ani­
mals depleted for 3, 6, or 10 weeks. Re­
pletion diets included stock and semi-puri­
fied diets supplying 9 or 18% protein from 
casein (C, CC) or hexane-extracted egg 
(E, E E ), or the equivalent of 9% protein 
from soy a-protein (A ) or soy a-protein 
plus m ethionine (AM ) or wheat gluten 
(G ) or wheat gluten plus lysine (GL) 
(table 1). Because the diets containing 
egg protein were studied separately, a

group fed the diet containing soy a-protein 
plus m ethionine was repeated with the egg 
experim ent to facilitate comparisons be­
tween experiments.

Rats were housed individually in  hang­
ing wire cages and given the appropriate 
diet and distilled water ad libitum. Supple­
m entary v itam in s5 were fed separately 
each day to anim als receiving semi-puri­
fied diets. Two weeks before the end of 
the experim ent (a fter zero or 7 days of 
repletion) 1 ml 2% washed sheep eryth­
rocytes was injected into a lateral caudal

3 C om posed  o f  th e  fo llo w in g : ( i n  % ) h y d ro g e n a te d
v e g e tab le  o il (C risco , P ro c te r  a n d  G am ble , C in c in n a ti )  
10; H aw k-O ser s a lts  (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 ) , 4 ; N aC l, 1; n o n -n u tr i t iv e  fiber, 2; 
a n d  c o rn  d e x tr in  (F is h e r  S c ien tific  Co., C h ic ag o ) , 
83. T h e  s a l t  m ix tu re  c o n ta in e d : ( i n  % )  c a lc iu m
c a rb o n a te , 6 .86; c a lc iu m  c itra te ,  30.83; c a lc iu m  p h o s ­
p h a te , m o n o b asic , 11.28; fe r r ic  c i tra te ,  1.53; m a g n e ­
s iu m  c a rb o n a te , 3 .52; m a g n e s iu m  s u lfa te ,  a n h y d ro u s , 
3 .83; m a n g a n o u s  s u lfa te ,  0 .020; p o ta s s iu m  a lu m in u m  
s u lfa te , 0 .009 ; p o ta s s iu m  c h lo rid e , 12.47; p o ta s s iu m  
io d id e , 0 .004; p o ta s s iu m  p h o s p h a te , d ib a s ic , 21.88; 
so d iu m  ch lo rid e , 7 .71; so d iu m  flu o rid e , 0.051.

4 C om posed  o f th e  fo llo w in g : ( i n  % ) c o rn m e a l, 48 ; 
l in s e e d  m e a l,  14; d r ie d  w h o le  m ilk , 14; w h e a t  g e rm , 
8 .6; y e a s t ( p a r t  i r r a d i a te d ) ,  8 .6 ; c a se in , 4 .3 ; a l f a lf a  
m e a l, 1.7; C aC 0 3 , N aC l, a n d  tra c e  e le m en ts , 0.8. S u p ­
p le m e n ts  to  th is  d ie t m ix tu re  to ta le d  150 m g  cod  
l iv e r  o il, 15 g le a n  g ro u n d  b eef , 20 g ra w  c a r ro ts , 
a n d  10 g f r e s h  c a b b a g e /ra t /w e e k .

5 In c lu d in g  50 m g  cod  l iv e r  oil, 0.75 m g  a -tocophero l, 
a n d  500 m g  o f a  m ix tu re  o f c ry s ta l l in e  v ita m in s  in  
d e x tr in ,  fu r n is h in g  th e  fo llo w in g : ( in  m g /d a y / r a t )  
th iam in e-H C 1 , 0 .04; r ib o flav in , 0 .06; p y rid o x in e -H C l, 
0 .04; C a p a n to th e n a te ,  0 .10; n ic o tin ic  a c id , 0 .50 ; fo lic  
a c id , 0.008; b io tin , 0.001; v i ta m in  B 12, 0 .00075; a sco rb ic  
a c id , 1.0; c h o lin e  c h lo rid e , 5 .0; in o s ito l, 10.0; p -am ino - 
benzoic  ac id , 10.0.

TA BLE 1
S o u r c e s  a n d  a m o u n t s  o f  p r o te in i n e x p e r im e n t a l  d ie ts

D iet
P ro te in

A m ino  acid
S ource

% 1

E x p e r i m e n t A

c v i t a m in - f r e e  c a s e in  2 9 _
CC v i t a m in - f r e e  c a s e in 18 —

A s o y  a - p r o te in  3 9 —
A M so y  a -p ro te in 9 0 .2 5 %  D L -m e th io n in e  2

G w h e a t  g lu t e n  2 9 __
G L w h e a t  g lu te n 9 0 .3 5 %  L -ly s in e  3

E x p e r i m e n t B

E h e x a n e - e x t r a c t e d  w h o le  e g g  2 9 __
E E h e x a n e - e x t r a c t e d  w h o le  e g g 18 —

A M so y  a -p ro te in 9 0 .2 5 %  D L -m e th io n in e

1 To p ro v id e  th e  e q u iv a le n t o f  9 o r  18%  p ro te in  ( in c lu d in g  a m in o  a c id ) ,  b a se d  o n  N  a n a ly s is  
o f th e  p ro te in  so u rce , w h ic h  w a s  s u b s ti tu te d  fo r  a n  e q u a l w e ig h t o f d e x tr in  in  th e  b a s a l  low  
n i tro g e n  d ie t d e sc rib ed  in  fo o tn o te  3 in  th e  tex t.

2 G e n e ra l B io ch em ica ls  In c ., C h a g r in  F a lls , Ohio.
3 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 .
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vein, and hemolysin was titrated in  serum 
obtained from  the tail 4, 5, 6, 7, 10 and 
14 days after injection. Antibody was 
m easured by incubating double dilutions 
of serum  for 30 m inutes at 37° with 2 
units of guinea pig complement and 0.5 ml 
2% sheep cells, in a final volume of 2.5 ml. 
All dilutions were m ade with 0.85% NaCl 
containing 100 mg MgCl2-6H20 /lite r . The 
endpoint of the antibody titration was 
determ ined by visual comparison with 
saponin-lysed cells representing 50% he­
molysis.

Animals were fasted 6 hours and anes­
thetized with sodium pentobarbital before 
killing. Blood drawn from the abdominal 
aorta was allowed to clot at room tem pera­
ture and was centrifuged at 5° for 30 m in­
utes. Except for a portion reserved for 
complement titration on the same day, 
serum was frozen immediately. Comple­
m ent activity was m easured in  serum from 
one-half the rats in experim ent A and 
from all those in  experim ent B, by incu­
bating at 37° for 30 m inutes 0.5 ml of 
each of 6 dilutions of serum and 1 ml 
1% sheep cells sensitized with rabbit an ti­
sheep hemolysin. Veronal buffer (14 ) 
was used for all washings and dilutions. 
Serum obtained at autopsy was analyzed 
for properdin by the zymosan assay 6 (1 4 ),

titrating to a 50% endpoint.7 Total nitro­
gen in  dried aliquots of serum  was m eas­
ured by the Dumas procedure using an 
autom atic nitrogen analyzer. Aliquots of 
homogenates of whole liver were analyzed 
for nitrogen by Kjeldahl procedure.

Correlation coefficients and t values for 
comparing m eans were calculated by 
methods of Snedecor (1 5 ). Titers of im- 
m unoproteins were transform ed to loga­
rithm s before m eans and ranges of one 
standard deviation from the m ean were 
calculated. These values were then con­
verted back to reciprocal volume units and 
reported as m eans and ranges.

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

Marked loss of body weight and hepatic 
nitrogen and decreased concentration of 
nitrogen in  serum were observed after 6 
weeks of protein depletion (table 2 ). These 
changes continued up to 10 weeks, but the 
rate of depletion reflected in  these m eas­
urem ents dim inished as depletion pro­
gressed. Decrease in  antibody production

6 Z y m o san , h u m a n  R P  a n d  R 3 re a g e n ts ,  a n d  p u r i ­
fied  h u m a n  p ro p e rd in  k in d ly  su p p lie d  by  M r. E a r l  
T odd , In s t i tu te  o f P a th o lo g y , W e s te rn  R ese rv e  U n i­
v e rs ity , C lev e lan d .

7 B ecau se  o f d iffe ren c e  in  e n d p o in t, a n d  h e n c e  in  
d e fin itio n  o f th e  u n i t  o f  a c tiv ity , t i te r s  o f p ro p e rd in  
re p o rte d  h e re  a re  a b o u t tw ic e  th o s e  o r ig in a lly  re p o rte d  
fo r  th e  r a t  ( 8 ) .

TA BLE 2

B o d y  w e i g h t s ,  s e r u m  a n d  h e p a t ic  N ,  a n d  t i t e r s  o f  c o m p l e m e n t , p r o p e r d in , a n d  h e m o ly s in  i n  a n im a l s  
d e p le te d  o f  p r o te i n  f o r  z e r o , 3 ,  6 , o r  1 0  w e e k s

W eeks
d e p le ted

N o. o f 
r a ts B ody w t H e p a tic  N S e ru m  N C o m p lem en t P ro p e rd in H em o ly sin

y m g g /1 0 0  m l u n i t s / 0.1 m l 1 u n i t s /m l u n i t s / 0.01 m l 1

E x p e r i m e n t  A

0 13 5 2 2  ± 3 5  2

* *  4

5 0 8  ±  79

**

0 .9 4  ± 0 . 0 6

❖  #

2 4  3
( 1 7 - 3 5 )

4 0
( 1 9 - 8 6 )

8 0
( 4 0 - 1 6 0 )

**

6 14 3 3 2  ± 3 1 2 4 0  ±  4 4 0 .7 8  ± 0 . 0 6 2 0
( 1 5 - 2 8 )

51
( 2 7 - 9 8 )

3 2
( 1 6 - 6 3 )

E x p e r i m e n t  B

3 6 3 8 6  ± 2 8

**

2 3 3  ± 3 0 0 .7 9  ± 0 . 0 5 19
( 1 7 - 2 2 )

**

57
( 4 0 - 8 2 )

13
( 8 - 2 1 )

10 10 3 1 0  ±  2 6 2 0 0  ± 3 4 0 .7 3  ± 0 . 0 3 14
( 1 2 - 1 7 )

3 5
( 2 1 - 6 0 )

10
( 6 - 1 4 )

1 T i te r  o f a n tib o d y  o r  c o m p le m en t re p re s e n ts  th e  re c ip ro c a l o f th e  g re a te s t d i lu tio n  o f s e ru m , 0.5 m l o f 
w h ic h  g ave  50%  ly s is  o f 0.5 m l 2%  sh eep  ce lls  in  th e  p re s e n c e  o f  a n  ex cess  o f g u in e a  p ig  c o m p le m e n t ( i n  
2.5 m l to ta l  v o lu m e )  o r o f r a b b i t  h e m o ly s in  ( i n  1.5 m l ) .

2 A rith m e tic  m e a n  ±  s d .
3 G eo m etric  m e a n ; r a n g e  ( i n  p a re n th e s e s )  = a n tilo g  (m e a n  log  t i te r  ±  s d ) .
4 S ig n if ic an t d iffe ren c e  b e tw ee n  g ro u p s  in  th e  sam e  e x p e r im e n t (P  <  0 .0 1 ).
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also was noted in  depletion, although dif­
ferences between experim ents8 m ake it 
difficult to describe this change with re­
spect to time. Complement titers decreased 
slowly as depletion was continued. Pro­
perdin titers tended to be slightly higher 
after 3 or 6 weeks of depletion than  in  
stock control anim als, but neither this in ­
crease nor the decrease at 10 weeks was 
statistically significant.

In repletion, gains in  weight, in hepatic 
nitrogen, and in concentration of nitrogen 
in  serum  were most rapid when anim als 
were fed the stock, EE, or CC rations 
(table 3). Diets E and C also allowed re­
pletion of serum  nitrogen w ithin 3 weeks, 
but data not shown here indicated that 
concentrations after 2 weeks of repletion 
were norm al with diets furnishing 18% 
protein, but were still low in ra ts fed 9% 
protein. Diets G and A were inferior to 
all others with respect to gain in  weight 
and repletion of nitrogen in liver and in 
serum.

Titers of properdin and of hemolysin 
generally were inversely related to rate of 
gain, except perhaps in  anim als fed the 
EE or stock rations, which appeared to 
produce near-m axim al rates of gain and 
interm ediate concentrations of hemolysin.

On the other hand, complement titers did 
not appear to be related to weight gain.

Exam ination of the m eans for pairs of 
groups fed the same source of protein 
shows that increasing the am ount of pro­
tein or addition of the lim iting amino acid 
increased the rate of gain, the deposition 
of nitrogen in liver, and the concentration 
(or rate of repletion) of serum nitrogen. 
Effects of these dietary alterations on com­
plem ent were small or inconsistent, except 
that 18% egg protein was superior to 9% 
(P  <  0.01). Properdin titers were affected 
adversely by increased am ounts of casein 
(P  <  0.10 at 14 days, <  0.05 at 21 days) 
or by inclusion of m ethionine in the soy 
protein diet (P  <  0.025 at 14 days, <  0.01 
at 21 days), whereas increasing the 
am ount of egg or inclusion of lysine in  a 
gluten diet had no effect on properdin. 
M aximal titers of antibody differed little 
between diets with the same source of 
protein except that after 12 or 13 days of 
repletion (in  groups injected with sheep

a A n im a ls  in  th e  2 e x p e r im e n ts  w ere  f ro m  th e  sam e  
s t r a in  a n d  th e  sam e  co lony  o r ig in a lly , b u t  h a d  b e en  
ra is e d  in  d iffe re n t la b o ra to rie s  a n d  h a d  rece iv ed  
s lig h tly  d iffe re n t s to ck  r a tio n s  d u r in g  g ro w th . R a ts  
in  e x p e r im e n t A h a d  g re a te r  re s is ta n c e  to  re s p ira to ry  
in fe c tio n s  a n d  lo w er c o n c e n tr a tio n  o f s e ru m  -/-globu­
l in  a n d  o f h e p a t ic  f a t  th a n  r a ts  in  e x p e r im e n t B.

TA B LE 4
P e r c e n ta g e s  o f  r e q u i r e m e n t s  f o r  c e r ta in  e s s e n t ia l  a m in o  a c id s  s u p p l ie d  b y  t h e  m e a n  

d a i ly  i n t a k e  o f  d ie t s  c o n ta in in g  v a r io u s  p r o te in s  1

L im itin g  
a m in o  ac id

%  o f re q u ire m e n t
D ie t 2 L im itin g  

a m in o  ac id
M eth io n in e - 

c y s te in e  3 L y sin e T ry p to p h a n

c M e th io n in e - c y s te in e

E x p e r i m e n t  A  

71 71 10 2 75
CC — >  100 13 7 195 14 4

A M e th io n in e - c y s te in e 25 25 62 3 8
A M T r y p to p h a n 50 81 8 0 50

G L y s in e 17 71 17 4 7
G L T h r e o n i n e 4 2 73 69 53

E T r y p to p h a n

E x p e r i m e n t  B 

75 11 7 8 9 75
E E — >  10 0 2 0 0 17 0 14 4

A M T r y p to p h a n 5 6 90 8 9 5 6

1 R e q u ire m e n t e s tim a te d  fo r  450-g r a ts  f ro m  d a ta  o f S teffee e t  al. ( 1 6 )  fo r  re q u ire m e n ts  fo r  
re p le tio n  o f a d u l t  ra ts ;  a m in o  a c id  in ta k e  w as  c a lc u la te d  fro m  a n a ly se s  o f soya  a ssa y  p ro te in  
re p o r te d  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 , a n d  o f o th e r  p ro te in s  as  g iv en  by 
B lock  a n d  W eiss  (1 7 ) .

2 See ta b le  1 fo r  e x p la n a t io n  o f d ie ts .
3 B ased  o n  m illim o le s  o f S a m in o  ac id s , a s s u m in g  c y s te in e  co u ld  fu r n is h  u p  to  80%  or 

re q u ire m e n t.
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cells after 7 days and repleted a total of 
21 days), m axim al titers of antibody were 
lowered, although not significantly, by 
“im provem ent” of diets containing soy pro­
tein or casein. Thus, m ean hemolysin and 
properdin titers after about 2 weeks of 
repletion were generally higher in groups 
fed diets A or C th an  in  those fed diets 
AM or CC, whereas increasing the am ount 
of egg or the addition of lysine to gluten 
did not decrease properdin or antibody re­
sponse. Both diets A and C were limiting 
in  sulfur-containing amino acids (table 4), 
which were supplied in  diet AM by amino 
acid supplem entation and in diet CC by 
increasing the total am ount of protein. 
Diet E was high in  sulfur amino acids but 
probably was limited by a slight deficit of 
tryptophan. Diet G was low in lysine, and 
GL in threonine. Although concentrations 
of individual amino acids in  the different 
diets were not varied independently, “cor­
relation coefficients” were calculated from 
group m eans as an  indication of closeness 
of relationships among weight gain, im- 
munoproteins, and amino acid intake 
(table 5). Of the comparisons made, gain 
in weight and titers of im munoproteins 
appeared to be most closely related to sul­
fu r amino acid content of the diet, even 
though these amino acids theoretically 
were lim iting in only 2 of the 8 diets. In 
all cases, coefficients were positive for 
weight gain and complement titer and 
were negative for properdin and hemolysin 
titers, when related to intakes of various 
amino acids.

Figure 1 shows m ean titers of im m uno­
proteins and weight gain, expressed as 
percentages of the values for rats fed diet 
AM, plotted against the percentage of esti­

m ated methionine-cysteine requirem ent 
(16 ) met by the diet. Frequently divergent 
from  the trend of other points are those 
for ra ts fed diet EE, which provided about 
200% of the requirem ent for sulfur amino 
acids. Although consumption of stock 
ration was not m easured in  this experi­
m ent (and  hence not included in  fig. 1), 
it can be estim ated that this diet also pro­
vided about twice the requirem ent for 
these amino acids. The data for groups re­
pleted with stock ration and with diet EE 
are notably sim ilar when expressed as the 
percentage of values for the reference 
group fed diet AM. Thus, the upper limit 
of the range wherein the intake of sulfur 
amino acids appeared to influence these 
factors lay between the estim ated 137% 
of requirem ent (0.81 m m oles/day) pro­
vided by diet CC and the 200% (1.18 
m m oles/day) furnished by diet EE; per­
haps m ethionine in excess of tha t lim it of 
about 1 m m ole/day could not be utilized 
for growth and, hence, effectively pro­
moted synthesis of properdin and hem ol­
ysin.

It is evident from these experim ents 
that, in  protein repletion, some globulins 
(specifically hemolysin and properdin) 
were not always m aintained at the expense 
of so-called labile nitrogen stores of the 
body. Properdin and hemolysin titers 
were inversely related to liver nitrogen, 
serum nitrogen, and body weight during 
repletion. We are now attem pting to deter­
mine whether m ethionine or perhaps some 
other amino acid does specifically influ­
ence im m unoproteins, as suggested by 
these data, or whether the relationship ob­
served here m ay be largely secondary to 
rate of gain.

TA B LE 5

C o r r e la t io n  c o e f f ic i e n ts  1 r e la t in g  t i t e r s  o f  im m u n o p r o t e i n s  a n d  w e i g h t  g a in  to
c e r ta in  d ie ta r y  e s s e n t ia l  a m in o  a c id s

A m ino  a c id W t g a in C o m p lem en t P ro p e rd in H em o ly sin

L i m i t in g  2 +  0 .8 7 +  0 .7 4 - 0 . 8 2 - 0 . 4 3
M e th io n in e - c y s te in e +  0 .8 9 +  0 .7 8 - 0 . 8 8 - 0 . 6 7
T r y p to p h a n +  0 .8 0 +  0 .6 6 - 0 . 7 1 - 0 . 4 6
L y s in e +  0 .7 0 +  0 .6 2 - 0 . 6 8 - 0 . 2 1

1 C a lc u la te d  fro m  g ro u p  m e a n s  fo r  w e ig h t g a in  a n d  im m u n o p ro te in  t i te r s  o f r a ts  re p le te d  3 w eek s  
(e x p re s se d  a s  %  o f  v a lu e s  fo r  r a ts  fe d  d ie t  AM in  th e  sam e  e x p e r im e n t)  a n d  log  %  a m in o  ac id  
re q u ire m e n t m e t by  fo o d  c o n su m e d  ( f ro m  ta b le  4 ) .  B ecau se  v a r ia n c e s  o f in d iv id u a l  m e a n s  w e re  
n o t  c o n s id e re d  in  c o m p u ta tio n s , n o  a tte m p t is m a d e  to  a s s ig n  P  v a lu e s .

2 B ased  on  th e  p e rc e n ta g e  o f th a t  e s s e n tia l  a m in o  a c id  in  e a c h  d ie t  w h ic h  w a s  p re s e n t in  le a s t  
a m o u n t re la tiv e  to  re p le tio n  re q u ire m e n ts  (s e e  ta b le  4 ) .
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