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Th e fa ct that retardation in growth occurred when rats and
oth er animals were fed diets deficient in essenti al fa tty acids or
fr ee from neu tral fat s ha s been reviewed by Burr ('42) , Burr
and Barnes ( '43) and by Deuel ( '51) . Deuel et a1. ('50 ) sug­
gested that th e beneficial effect of fa t in the diet cannot be
expla ined entire ly by it s ess ential fat ty acid conten t, but must
be traced to some additional fa ctor or fa ctor s. They showed
that when 20 mg of methy l linoleate wa s given daily as a
supplemen t to r a ts on a fat-fr ee diet, a prompt response in
growth r esult ed. How ever, the animals soon ceased to gr ow,
and growth was not augm ented by an incr ease of meth yl
linoleate to GOmg daily, bu t the feeding of a diet cont a ining
10ro cottonseed oil r esulted in a further acceler ation of ga in
in weight. In an oth er communica tion, th e same group of
workers (Greenber g et al ., '50) repor ted that gr eater grow th
was found in fema le rat s fed 30% cottonseed oil d iets than
in tho se on a fat-low regimen supplemented with an optimum

1 Thi s work was supporte d in part by th e R esearch a nd D evelopm en t Division,
Office of t he Surgeon Gene ra l, Depar t ment of th e A rm y, Cont rac t No . DA-49-007­
11D -252, a nd in part Ly a re,~ea rch g ra nt f ro m th e Di vision of Resea rch Grants,
National Inst it ut es of II ealth , U. S . P uhl ie II ea lth Service, Department of H eal th ,
EducMi on nnil W elfa rp.

Z P art of th e p rel im iu nry results has hePlf presented a t the sympo sium on F a t
Met ab olism spo nsored hy t he ) 1. & R. Luborn tori os, F'ob. , 195-!.
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quanti ty of methyl Iinolea to. In a la ter study th ey (Green­
berg et al., '51) further demonstra ted that the gain in weight
was greater in both male and femal e rats r eceiving a diet
contain ing 300/0 cottonseed oil than in those on a fat-low
regimen supplemented with as much as 100 mg of lin oleic
acid, 20 mg of methyl a rachidonate or a combinatio n of the se
two essentia l fatty acids. Meng an d Youman s ('53 ) showed
that in dogs r eceiving isocal oric amo unts of foo d by parenteral
a limentation, only th ose getting emulsified neu tral fat (tri ­
glyce ride) ga ined weight. The addi ti on of adequate amounts
or methyl esters or linoleic, li noleni c and arach idonic acids
to the food of the dogs receiv ing no neutral fat prevented the
pa thological cha nge s of th e hair and skin but did not correct
th e weigh t loss.

In th e pre sent work a synthetic triglyceride was used. Th e
experiments were design ed to determine whether or not the
synthetic prepara ti on with known fatty acid composition but
fre e f rom any impuri ti es 0 1' other unknown factor s can be
utilized by weanling rats as well as natural edible fat (lard)
and to iuvestiga te fu r th er th e mechanism r ela tive to the
super ior nature of neu tral fats over essential fatty acids in
pro moting gro wth. The changes in weigh t, ni trogen balance,
water balance, body composition and fecal fat excret ion have
been used as cr iteria.

EXPER fM E:\T A L

W eanling male rats of the Sprague-Da wley st rain and
weighil1g f rom 4:0 to 4:5 gm wer e divided int o gr oups of 6 each .
'I'h e individu al gro ups wer e fed the following diets: I. fat-f ree,
I I. 5% lard, III. 25% lard, IV. 5% synthetic triglyceride, and
V. 25% synthe tic triglyceride. Th e composition of th e diets
is shown in table 1. The synthet ic tri glyceride 3 wa s prepare d
by este r ification of pure fatty acids with glycerol. Its fatty
acid composit ion whi ch r esembles that of human body depot
fat consi ste d of oleic acid, 600/0; palmitic acid, 30<70; stear ic

3 K in dly supplied by the Oil seed Drvision, Southern R pgional Research L nbor a­
to ry,eDepartm ent of Ag ri cultur e, New Or leans.
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acid, 7.4%; and linoleic aci~l, 2.6%, with an iodine number
r an ging from 51 to 55 and hydroxyl value of 2.19. The free
fatty acid of the prepa ration va r ied f rom 0.02 to 0.15% as
oleic acid and the peroxide va lue was O.

Two rats of th e same di etary gro up wer e place d in one
metabo lic cage. W ater and food wer e all owed ad libi tum with
am oun ts consumed caref'ully measured. B oth ur ine an d feces

DI ETARY CO :M POXE~T

Casein;' gm

Su crose, gm
Lard, gm
Synthetic tri-

glyceride, gm
Salt mixture,' gill

Roughage,' gill

Yeast , dry, gm

V itam in sup ple men t"
Water-soluble vita ­

min mixture,' gm
a -T ocopherol ,' mg
Vitamin A (U.S.P .

unit s )
Vitamin D ' ( U .S .P .

un it s )

TABLE 1

Composition of d iet s

F AT CO :S-T l<: X T

Lard Lard Sy nthetic Sy nthe tic
Fn t-free 5 % 25 0/0 tri gl ycerid e tr-iglyc ertde

5 % 25 %

:1O 30 30 :{O 30
0 1 5G 3G 5G 30

0 5 25 0 0

0 0 0 5 ~5

4 4 4 4 4

3 3 3 3 3

" 2 2 2 2

0.:1 0.3 0.3 0.3 0.3
5 5 5 5 5

~ ,750 2,75 0 2,7 50 2,;;; 0 2,;50

:19G 39G 396 39(; 396

Calcul ations
Per cent ca lo r ies

f rom fa t'
Ca lor ics / g m

()

:U :{
i t .e
3.fHl

4G.2
5.03

1 1.0
:l.99

4G.2
5.03

, Vita mi n-free, L AB CO.
, Wess en salt mixture ( Wess on, ' 32 ).
a R uffex.
'Water-soluble vitwn in mixture as use .l by Deuel et a l, ( '4; ) .

' a -T ocopherol acet a te, 11cr t k & Co.
e Vitamins A a wl D wer e f'urnis hed a ~ Oleum Percom orpluun , Mend J olmso n

and Co.
r Assum in g th a t lard awl sy nt het ic trigl Yl'l'l'ic!l' ouch f ur n ished 9.3 Cal./gl~.
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of the rats in th e individual d~etary group s were collec ted
daily and combined in to weekly pools. The rats were weighed
weekly. The expe r iment wa s carried out for 13 weeks after
whi ch tw o rats from each group were taken at. random and
were killed by decapitation. After blood wa s drained, th e
rat wa s weighed and th e carcass wa s ground several tim es
through a meat gr inde r . Twenty or 50 gm of wet ti ssue wer e
dried in a vacuum at low temperature. 'I' ho dry ti ssue wa s
again weigh ed ami body water content wa s obt ained by dif­
ference. The dri ed ti ssue wa s extr acted with diethyl ethe r
for 36 hours in a Soxhlet apparatus. The ethe l' extract wa s
th en transferred to a volumetric flask. An aliquot of this
ext ract was used for the determination of body total lipids.
The fat-fr ee ti ssue residue wa s ground and used for n itrogen
det ermination by th e Kjeldahl method. 'I'he fecal and urinary
ni trogen wer e det ermined by th e semi-micr o Kjeldahl tech­
niques. F ecal fat wa s det ermined by extract ing an aliquot
of gr ound feces three times with 9570 ethyl alcoho l and three
times with diethy l ether . The alcohol-ether extract was dried
and r e-extracted with petroleum ethel'. The pet ro leum ether
extr act wa s dried and weighed. Wijs ' method was used for
det ermining the iodine numb er of th e body lipids. 'I'he water
ba lance wa s measured by the differences betw een th e volume
of water intake by mouth and the volum e of urinary output.

RESULTS

Changes in body w eight and general appearance. The av­
er age body weight changes for all 5 groups of rats are shown
in figure 1. Two th ings are demon strated: (1) rats fed the
diet with no added fat fai led to gain as much weight as those
on diet s conta ining la rd or synthetic triglyceride; (2) th ere
wa s no difference in the growth curves between th e rats of
the 25% lard and the 25% synthet ic triglyceride gr oups .

It can be seen in table 2 that th e average daily gain in
body weight per rat in th e fm -f r ee group was 2.49 gm, a va lue
whieh is 14 to 28% lower than the weight ga in of th e gro ups
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receivin g fat in the diet . Tpe diff erences in av erage weight
ga in betw een the fat-free group and the 50/0 la rd, 250/0 lar d,
50/0 synthetic triglyceride and 25% synthe tic triglyceride
g roups wer e 0.69, 0.96, 0.42 and 0.78 gm resp ectively, with
p va lues of < 0.01, < 0.01, < 0.02 and < 0.001 resp ect ively

-- Fat Free
0---0 5 'Yo Lord
· ···········25% Lord
x--x 5 % Syn. Fat
t.---6 25% Syn. Fat

75

50

25

O-'-lr---r-___r-r--r.......,-,.....--r-~__.____r-..___,

100

>-
o 125oen

150

375

350

325

300

275

E 250
CI
~ 225

~ 200
J:
Cl
W 175
:=

2 3 4 5 6 7 8 9 10 11 12 13

WEEKS
Fig. 1 Average gain s in weigh t of rats f ed various d iets,

which are statis tica lly significant. However, rats fed th e fa t­
f ree diet consumed a gr eater amo unt of food (9.92 gm/100 grn
rat/day) resulting in a slightly higher calor ic intake (37.05
cal./ 100 g111 rat/day) . Th e av er age caloric intake (per 100 gm
rat per day) requ ired per gram of dai ly weigh t ga in was 14.9
for th e fat-free group. The va lues wer e 11.3, 10.6, 11.7 and
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11.2 for 5% lard, 25% lara- 5% synthetic triglyceride and
25% triglyceride gr oups r esp ectively.

Rats fed th e fat-free diet not only demon strated r etarded
growth but also developed pathologic changes in th e hair and
skin cha racte r is tic of esse nt ial fatty acid deficiency. No such
findings wer e observed in rats fed lard or synthe tic triglyc­
er ide diet s.

Nitrogen balance. 'I'he nitrogen intake of th e rats fed fa t­
free diets wa s high er than that of all oth er groups with 477
mg/100 gm rat/day, and the average nitrogen balance wa s
+ 309 mg/100 gm rat/day. Th e balances for the oth er groups
were : 5% lard, + 297; 250/0 lard, + 251; 50/0 synthetic tri­
glyceride, + 278 ; and 25% synthetic triglyceride, + 2-4-3
mg. Both urinary and fecal nitrogen excre tion wer e higher
in the fat-free group. As th e result of higher nitrogen excre ­
tion, only 64.2% of th e total nitrogen intake wa s retained.
The nitrogen retentions in the 50/0 lard, 250/0 lard, 50/0 syn­
thetic triglyceride and 25% triglyceride gr oups were 68.1,
71.5, 67.5, and 70.0% (p er 100 gm rat/day) resp ectively. The
r esults are shown in table 3.

lVat er balance. Table 3 al so shows th e water balance of
rats fed var ious diet s. Th e water intake wa s consider abl y
higher for the gr oup r eceiving the fat-free diet than that for
th e other gr oups . The water intake of rats f ed diet s contain­
ing 5% lard or 5% synthe tic triglyceride was slightly higher
than that for tho se on 25% fat diet s. 'I'he volum e of urinary
output of th e fat-fr ee, 5 ~fc lard, and 5% synthe tic triglyceride
gr oups wa s appr oximately th e same. However, the wa ter
excre ted as urine expressed as the per centage of intake wa s
cons iderably lower in th e fat-free gr oup (18.9%, fat-free
group ; 23.2%, 50/0 lard gr oup; and 22.60/0, 5% synthe tic tri­
glycer ide gr oup ). Th e 25% fat groups excre tecl less water as
urine both in terms of ab solute quantity and per centage of
the intake (20.6%, 25% lard, and 20.9%, 25% syn the tic tr i­
glycer ide ). The water balance, measured by th e differ ence
betwe en th e intake and the urinary output, for th e rats fed
th e fat-free diet, was cons iderably high er (+ 15.4 m1l10crgm
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rat/day) . Th e va lues for 50/0 la .d, 570 synthe tic triglyceride,
2570 la rd and 25% synthetic tr iglycer ide were + 11.74,
+ 11.65, + 11.10 and + 11.78 mlj100 gm ra t/ day re sp ectively.

B ody com posit ion. T he re sults of carcass analysis of two
rat s selected at random from each of the dietary group s are
shown in ta ble 4. It can be not ed that th e wat er content was
remarkably uniform, ranging from 59.5 to 63.070 r egardless
of th e fat content in the diet s. Likewise, th e body protein

'r AB L E 4

B od y com pos i! ion bll.'l'rl all two animlll.~ from ellch [Jrollp

DI ET RAT ~O . LI PI D I'ROTF.I X WAT ER

% iod iJle no. la (It
. ) 1;),] li5.2 10.1 60.0

F at-free
li 14.8 oz.e 18.0 li1.0

5% lard
7 1e.a su.s 18.2 60.6
D Hi.2 li5A 18.5 50.6

25 % la rd
13 20.7 75.8 10.1 50.0
14 1li.0 70.8 19.0 60.0

5% sy nthetic 10 15.2 70.5 17.1 50.5
t ri glyceridc 24 17.5 ti7.7 21.6 60.0

25 % synthet ic 25 to.s 72.5 2 1.0 63.0
triglyceride ao 20.8 7Ui 17.0 59.5

TABL E 5

F ecal fat

);0 . TOTA Il TOT J\I,
P AT/IOO I ~ lH: RTEnr.X PKR . l<~F. C }~S FAT I :{ FAT

D IET 0'- PERIO D E X- } · ..~ C EH EX -
(a l F AT

RA T H CRETED CRETE D RAT / DAY R Jo:T A INE D

we eks om '10 gm nm %
F at-free 6 13 364. 7 5.1 18.7 0.0200
5% lar d 6 1;~ 312.2 7.0 21.l; 0.019 0 % .1
25 % lard 6 J3 410A 0.6 30.3 0.0340 08.1
3% synthet ic

triglyceride 6 ' 13 329 .1 ~ <) 23.7 0.0230 94.6I.~

25 % synthet ic
triglyceride 6 13 27li.9 13.7 37.9 0.0250 08 .6

1 Si x rats wer e used durin g the one- to 7-week period , 5 during th e 8- to l3-wCl'k
period.
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was of th e same pa ttcrn (f~om 17.1 to 21.6% ). The va lues
for total lipids of the fat- free gr oup were slightly lower than
those of the rats fed diets containing 25% fa ts. The iodine
number of the body lipids of the rats in the high fat gr oups
was higher than tha t of th e fa t-free gr oup.

E xcretion of fa t in feces. On the basis of fat/100 gm
rat/day, animals fed the fat -f ree diet excre ted as much fat
in th e feces as those of th e 5% fa t groups. Rats fed 25'10 fa t
diet s showed higher excr etion, especially the lard gr oup.
The values wer e 0.020, 0.019, 0.034, 0.023, and 0.025 gm/ 100 gm
rat/ da y for fat-f re e, 5% lard, 25% lard, 5% synthetic tr i­
glycer ide and 25% synthe tic t r iglyceride gro ups respectively.
The am ounts of ingested fat whi ch were r etained varied from
94.6 to 98.6%. Diarrhea was never observed in rats fed diets
containing lard or synthe tic triglyceride. The results are
shown in table 5.

DISCUS SION

Our results confirm the find ing s observed by other inv esti­
ga tor s that fa t is essen tia l for optimum growth in rats. It may
be fur the r no ted tha t th e synthe tic tr iglycer ide pr epara tion
was biologically utilized and wa s apparent ly equivalent to
lard as a diet ary const it uent. This is true at least when it is
incorporated in th e diet a t the higher level. Failure of r a ts
fed 5% synthetic triglyceride di et to gain as much weight as
tho se on a 5% lard r egimen might have been due to their
lower calor ic inta ke (table 2) or to insuffi cient intak e of
linoleic acid , or both. Rats of th e 5% synthetic tr iglyceride
group consumed 0.423 gm of fa t/100 gm ra t/day (table 2),
which supplied approxim ately llmg of lin oleic acid. Ac­
cor ding to Deuel et al. ( '50) , Gr eenber g and co-worker s ( '50,
'51), and other s, the optimum intake of lin oleate ranged
from 40 to 100 mg per day. Lard, on the other hand, contains
a greate r am ount of linol eic ac id (Hild itch, '40) which may
hav e been sufficient. However , it should be poin ted out that
th e diff er ence in av erage dail y weight gain betw een rats f ed
5'10 synthetic tr iglyceride and th ose on 5'10 la rd diet is only
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0.27 gm which is not sta t is t ically significant. Nevertheless,
th e differences in weight gain between rats of th e 50/0 syn­
th etic triglyceride group and those of th e 25% fat gr oups are
sta t is tica lly sign ifican t wh ile those between the 5.% lard group
an d th e 25% fat groups are not. It is po ssible that a differ­
ence in gr owth between rats in th e 5 and 250/0 la r d gr oups
might have been observed if a large nu mber of animals had
been used or the observations ma de over longer periods of
t ime or both. However, it may he pointed out that Hoagla nd
et al, ('52 ) also fai led to show any statistica lly significan t
differ ences in weight gain between rats fed di ets conta ining
5.0, 10.98, and 18.270/0 lard.

Our r esults indicate that more calor ies are required per
gram of da ily weight gain in rats on a fat-deficient diet than
in those with liber al fat intake (table 2) . It seems r ea sonable
to state tha t neutral fat in th e diet apparently favor s a more
effic ient utiliza t ion of ca lor ies since th e rat s on the fa t-free
di et showed th e poorest growth despite th e hi gh est caloric
intake. One of the explana tions offered by Greenberg et a1.
('51 ) for th e more satisfactor y effect of th e fa t a s compared
with th e fat-low lin oleate-supplemented reg imen , wa s tha t
di et containing fat is more efficien t in u tili za tion of the food.
Sinclair ('52) r epor ted simila r r esults in hoth pair-fed rats
and ad libi tu m-fed litt er mates and suggested that eithe r
in efficient me tabolism is occurring in the fat-d eficient rat
or its metabolic rate is gr eatly incr eased. F enton and Carr
('51) also demonstr a ted that the efficiency of food utilization
fo r body weigh t ga in incr ea sed with in cr ea sing dietary fat
levels. It is lik ely that incorpora ti on of neu tral fa t in th e
diet may conserve ene r gy which is r equi r ed fo r its conversion
from carbohydrate or protein. T he complex enzymatic r e­
actions involved in th e processes of fatty acid synthesis have
been revi ewed by Chaikoff and Brown ( '54) and th e details
will not be further emphas ized. However, it may be po inted
out that another biologica l analogy can be cited :

The relative effec tiveness of th e essential fatty acid s with
regard to th eir biologi cal activity when fed to fat-deficien t
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ra ts is linol enate < linolea tq, < arachidonate (Greenberg et
al., '51). Turpeinen ('38) and Smedley-Macl.can and Nunn
( '40) concluded tha t the pr incipal un satura ted fa tty acid
requ ired by the body is arachidonic acid. It ha s been demon­
str a ted by Nun n and Smedley-1IacLe an ( '38) , Barki and
co-wor kers ( '49) , Ri cckchoff and associa tes ( '49) , W idmer and
H olman ( '50) an d H olman ('51) that the intcr convcr sion of
linoleic and lin olenic acids to arachidonic acid ha s occur r ed
in rats. The rea son arachidonic acid ha s a greater biological
act ivity than linoleic and lin olenic ac ids is probably that th e
former can be utilized as such whereas th e latter two have
to be converted to arachidonic acid whi ch r equires energy
and involv es specific enzyma tic processes. Thu s, it may be
postulated th at two facto rs should be considere d concern ing
the impor tance of fat in nutr it ion : (1) its conten t of ess ential
fatty ac ids and the amo un t cons umed, and (2) the quantity
of neutral fa t ingest ed.

Th e wa ter consumption hy our an imals was simila r to tha t
repo r ted by Burr an d Burr ( ':30) and by Ramalingnswam i
an d Sincla ir ('51) in tha t the rats fed the fat -deficient diet
consumed an incr eased amo unt. It is further noted that the
volume of water consum pt ion of rats on var ious diet s varies
inver sely with the levels of di etary fat (t able 3). W ater
fo rmed as the r esult of oxidation of food stuffs did not varv
significantly between rats on various diets (table G) . Sin ce
the urinary outp ut of fa t-deficient ra ts is appr oximately the
same as that of the rats on 5% fat , an d only slightly higher
than that of th e 250/0 fa t gr oups, th e high wa ter " retention "
of the deficien t rats seems apparent. Ho wever , measure ment
of th e hody water conten t of rat s on var ious diets shows no
significant diff er ence (table 4) . This indicates that incr ease
in water loss through ro utes other th an the kid ney mu st have
occurred in the fa t-deficien t ra ts. Ramal ingaswami and Sin­
clair ( '51) showed tha t increase of water loss through the
skin occurs in the fa t-deficient rat s. Th ey concluded that th e
loss of wa ter th rough the skin of deficient r a ts is attributabl e
to the incr ease of permeabi lity.
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Only two rats fr om each of th~ various dietary groups wer e
used for analyses of the body compo si tion. H owever , th e
values for body ...va te r, pr ote in and lipid yielded by th em
are in accordance with th ose r eported by Deuel et aI. ( '44)
and Scheer and associates ( '47). The incr ea sed body lipid
content of r ats on diets providing liberal fat in take over that
of animals on fat-fr ee or low-fat diet s, as r eported by Schee l'
et aI. ( '47) , wa s al so confirmed. In addition, we demonstrated
that th e iodine number of body lipids of the fat-deficient rat s
is lower than that of the rats on 25% fat diet s.

TABLE 6

J[ ciubolic uratrr f or med by rats [rtl carious di e t» I

" ,./100 G) [ RAT /DAY
DIET

T otal Fat Prot ein enrb oh vd rat e

Fat-f ree 4,;3:1 1.14 3.39
5% lard 4.44 0,49 1.12 2.83
25 % lard 4.3:! 1.95 0.90 1.48
5 % syntheti c

triglyceride 4.1:\ 0.45 1.05 2.63
25 % synthet ic

triglycerid e -1 .::1 1.!/5 0.8!) ].47

1 Assu ming oxidation of ]00 g ill of fa t, pro te in a nd ca rbohydrate y ields 107,
41 a nd 56 ml of water , respect ively .

'I'he higher urina l'y and fecal nitrogen excre tion of the
fa t-deficient rats is probably due to (1) gre ate r food con­
sumption r esulting in a higher nitrogen intake, and (2) in­
efficiency in utilization of ingest ed protein du e to lack of fat.
With high fat content in the diet, on th e oth er hand, caloric
r equirement can be met with less food consumption. Further­
more, in th e presence of an ad equate amount of fat in th e
diet, th e ingest ed protein is more effic iently utilized. Thus
the relatively cons tant protein composition of ti ssues is main­
tained. This belief can be further stre ng thened by the fact
that th e per centage of nitrogen r et ention of the rats fe d 25ro
fat diet s wa s higher than that of th e fat-free group (table 3).

The synthe tic triglyceride preparation is well absorbed by
rars as indicat ed by the high per centage of r et ention.
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SUMMA R Y

'I'he nutritional value of a synthe tic trigly ceride prepara­
tion compo sed of oleic acid, 60.0; palmitic acid, 30.0 ; stear ic
acid, 7.4; and linoleic acid, 2.6% was studied using weanling
mal e rats of th e Sprague-Dawley strain as exper imenta l sub­
jects. Rats of the same age, sex, and strain fed fat-free and
lard-containing diets wer e used as controls. ,Veights of rats
on various diet s were recorded weekly; food intake, water
and nitrogen balances wer e mea sured and fecal fat was de­
termined. Body compo sit ion was ana lyzed following sacr i­
fice at the end of the 13-week period of exper imenta tion.

It was found that the synthe tic triglyceride preparation
incorporated in th e diet at 5 and 25% levels was biologically
utilized in th e body, using weight gain, food intake and nitro­
gen and water balances as cr ite r ia. The av erage daily gai n
in weight was 2.49 grn per ra t for the fat-free gro up wher eas
ra ts fed 5% lard, 2570 lard, 5% synthe t ic tr iglycer ide, and
2570 triglyceride di et s ga ined 3.18, 3.45, 2.91, and 3.27 gm per
rat per day, r esp ectively. However , the r ats on fa t-f ree di et
consumed a gre ate r am ount of food with a high er calor ic in­
take. The water intake of rats fed the fat-free diet was gre atly
incr ea sed and th e per centage of ingest ed protein r etained
was decr eased. Th e per centage of ingest ed synthet ic tri ­
glyce r ide retained was from 94.6 to 98.6.
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CONCERNING THE ALLEGED OCCURRENCE OF AN
"ANIMAL PROTEIN FACTOR " REQUIRED F OR

THE SURVIVAL OF YOUNG RATS 1

1. STUDIES WIT H U N P U RI FIED RATIO N S

J. E . GANDER AND M. O. SCHULTZE

Deport ment of Agricultuml Biochemi st ry, Utciuereits] of M innesota,
In st itut e of A gricult uTe, St . P aui

(Rece ive d f or publica tion Oct ober 18, 195-1)

In previous exper iments reported from this laboratory
(Schultze, '53a ), a very high preweaning mortality was ob­
served among young born to rats fed rations containing
certain specimens of highly purified soybean protein. The
mortality often reached close to 1000/0 in the second or third
litters born to the same mother, particularly if she was a
survivor from a litter whose dam had r eceived the same
ration. Crude soybean oil meal , "vitamin-free cas ein, " and
a crude animal protein preparation made from defatted brain
and spinal cord had a marked curative effect on this condi­
tion, as did, for unknown r easons, cer tain specimens of puri­
fied soybean protein (Schultze, '53b). Moruzzi, Piccioni and
Rabbi and their associates (Piccioni et al. , '50, '51 ; Moruzzi
et al., '51; R abbi et al. , '51) described in several papers a
similar high mortality of young rats whi ch they produced by
fe eding to the mothers a ration containing 88% of a mixture
of equal parts of ground wheat, maiz e, barley, oats and rye
supplemented with wheat germ, calcium lactate, sodium chlor­
ide and 50/0 of casein which had been exhaus t ively wa shed with
0.05 N acetic acid (Ro ssi and Piccioni, '50); in addition the
rats were fed fresh vegetabl es and dry yeast twic e a week.

1 P ap er 3238, Scient ific Journal Series, Minnesota Ag r icultural Ex periment
Station.
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Among F 1 generation young from mothers fed this ration
the preweaning mortality was about 70% ; in the F 2 generation
it rose to 100%. The poor reproductive performance and
survival of the rats could be aggravated by the addition of
0.610 of sulfaguanidine to the ration (Rabbi et al., '50). How­
ever , if crude casein were sub stitued for washed casein, the
survival of young was usually close to 100% (Piccioni, '50) .
The Italian investigators considered the deficient ration to
be lacking in a water-soluble, heat-stable "animal protein
factor" associated with crude casein (Piccioni et al., '50), not
id entifiable with any of the known B vitamins, including vita­
min B12 (Moruzzi et al., '51). Histological abnormalities in
the liv er (Piccioni et al., '51) , kidneys , spleen and skeletal
muscles of the newborn were observed (Rabbi et al., '51). More
re cently, they have r eported the occurrence of alopecia and
of neoplastic growths in older animals fed the same ration
(Rabbi et al. , '53). The high incidence of mortality could be
reduced by adding 0.5% of choline to the ration (Rabbi and
Piccioni, '52) and the skin lesions were cured by feeding a
heat-inactivated culture of E scheri chia coli (Piccioni et al.,
'53) .

Many t r ials involving large numbers of animals from sev­
eral success ive generations have been made in this laboratory
with the soybean protein ration (S chultze, '53a and b). How­
ever , the very high incidence of death of the young was not
obtained with sufficient consistency to war r ant , with this
basal ration, a search for very potent sources of a curative
factor and attempts to concent r ate it.

Useful information concerning the possible existence of
unknown dietary factors as sociated with some proteins might,
however, be obtained by other approaches to the problem. One,
involving the use of protein-free amino acid-containing ra­
tions, is r eported in another paper (S chultze, '55a) . The
other appr oach, summa rized herewith, is ba sed on the ex­
perience of the Italian investi gator s and involv es the use
of modifications of th eir ration. The two principal modifi­
cations a re r eported her e as exper iments I and II. These
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experiments have been in rrogress during the last three
years. They were initiated mdependently but are reported
jointly because they deal with the same general problem.

EXPERIMENTAL

Rations. The components of the rations used are listed
in table 1. The rations for experiment I contained mainly
ground, mixed cereals and casein and they are designated as
MOO. They were similar to tho se used by the Italian inves­
tigators but contained added B vitamins, fat- soluble vitamins,
choline, corn oil and a salt mixture. The protein content was
15 to 16% depending on the source of the cereals. "When it
became apparent that the growth of rats with these rations
was subnormal, the rations us ed for exper iment II were de­
vi sed. These contained mainly rolled oats and case in and they
are designated as 00. They provide a higher protein intake
(217'0 on the ba sis of nitrogen analysis) of higher biolo gical
value (Block and Mitchell, '46) than the MOO rations. In
addition, the rations contained a complete mixture of the B
vitamins, a salt mixture and 2% of wheat germ oil to assure a
good source of th e unknown fat- soluble factor whi ch K eane et
al. ('51) reported to be necessary for the survival of young
rats. Fresh vegetables and yeast were not used in these
experiments.

Special attention was given to the preparation of casein
whi ch, on the basis of the observations of Piccioni et al.
('50) would appear to be the sole source, in the rations us ed,
of the factor preventing the mortality of the young . The
casein was prepared batchwise from fresh cows ' skimmilk
by 4 different procedures to yield:

Casein I (crude): The casein wa s precipitated at room
temperature by the addition of 10% acetic acid to pH 4.6. The
supernatant was siphoned off after settling of the curd; the
latter was strained through cheesecloth and washed twice with
dilute acetic acid pH 4.6 equal to 2 volumes of the original
milk. Th e curd was finally s trained, squee zed dry, dried at
about 70°0. and ground.
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Casein II: The initial precipitation of the casein was car­
ried out as described above. The separated curd was then
leached over a period of two weeks with a total of about 70
changes of 0.5ro acetic acid, using each tim~ about 10 1 per
kilogram of moist curd. Toluene was used as a preservative.

T ABLE 1

Composition of ra t ions

DESI GNA TI ON OF RATION
CO::\I P ON EN T S

MCC OC, o C2 OC"

um g m grn UUl,

Ground mix t ur e of equal par t s wheat, oats,
barley, mai ze, rye 825.0

Rolled oats, ground in hammermill 840 .0 840 .0 840 .0
Casein I and/or II (see table 2) 50.0
Casein III, leached at pH 4.6 65.0 65.0
Casein IV, leached a t pH 3.6 65.0
nt-methioniue 3.3 3.3 3.3
Su cr ose + vitam in mi xture I I 20.0 20.0 20. 0
Sucrose + vitamin mixture II ' 20.0
Corn oil + vitamins A, D, E 3 50.0
Corn oil + vitamins A, D ' 10.0 10.0 10.0
Wheat gcrm oil 20.0 20.0 20.0
Salts IV ' 40 .0 30.0 30. 0 30.0
Calcium la ctate 15.0
Sucro se 11.7 1.7 11. 7
Conde nsed whey solubles G 10.0

Total 1000.0 1000 .0 1000 .0 1000.0

1 20 gm of the mi xture conta in th e following compounds to f urn ish p er ki log ram
of mi xed ration: 5 mg thiamine chloride; 10 mg riboflavin ; 5 mg pyridoxine hydro­
chloride ; 50 mg calcium pantothenate; 20 mg ni cotinic ac id; 400 mg i-ino sitol ;
1000 mg choline chloride ; 0.2 mg folic acid ; 10 mg para-aminobenzoic acid ; 0.2 mg
biotin ; 0.04mg vitamin R , 2 ; 5 mg 2-methyl-1,4-naphthoquinone.

z 20 gm of th e mixture contain the following compounds t o f urn ish per kilogram
of mix ed ration : 15 mg thiamine chloride; 30 mg riboflavin; 50 mg pyridoxin e
hydrochl oride ; 50 mg calci um p antothenate ; 100 mg nicotinic acid ; 100 mg i­
inositol ; 500 mg choline chlor ide ; 2 mg folic ac id ; 200 mg p ara-aminobenzoic ac id ;
1 mg biotin; 5 mg 2-m eth )-1-1,4-n aphthoquin ollc.

350 gm of th e mixture contain 250 mg d.l -c-tocopherol : and 75,000 Int. Units
vitamin A plus 1,250 Int. Unit s vitamin D as furnish ed by H ali ver oil.

, 10 gm of mi xture contain 10,000 Int. Units vitamin A acetate; 1,5 00 Int.
Units vitamin D,.

' Schultze, '50a.
G TAe Borden Co.



SURVIVAL OF YOU N G RATS 547

The curd was finall y collected in cheesecloth, squeezed dry,
dried at 70°C. and ground.

Casein III: Forty gallons of skimrnilk wer e diluted with
two volumes of water and warmed to 34.5°C. in a jacketed,
stainless steel vat. The casein wa s precipitated by the ad­
dition of dilute hydrochloric acid to pH 4.6 with gentle stir ­
ring (Palmer, '26). The whey wa s drained and th e curd
leached during a 14-day period with 40 changes of 60 I each of
water adjusted to pH 4.6 with acetic acid . Toluene was used
as th e preservative. Between washings, th e suspended casein
was vigorously stirred and the liquid wa s siphoned off as
complete ly as possible after set tl ing of th e precipitate. The
r esulting product wa s finall y wa shed with two changes of
distilled water, partially dehydrated with 95«0 ethanol, dried
at 70% and ground in a hammermill.

Casein IV: The procedure was the same as described for
Casein III except that the curd wa s leach ed with 40 changes
of 60 I each of 0.05 N acetic acid which yielded a pH of 3.6.

A nimals. For exp eriment I , 30 females an d 10 males, about
4 weeks old, f rom a hooded 'St r ain of our stock colony wer e
fed ration MCCI (see table 2) which contained 5% of th e
crude casein I . They were mated when the females weighed
about 150 gm and their young (F 1 gener ation ) wer e allott ed
to each of th e 4 rations shown in table 2. 'When th e females
'weigh ed ab out 150 gm, they wer e mated and their young (F 2

gener ation ) were in turn fe d the same ration as their parents.
These animals were also mated when they weigh ed about 150
gm and their offspring (F3 generation) were r aised through
a 6-weeks' growing period.

The rats used for expe riment II wer e of the black str ain
of Line 3 maintained in this laboratory for many years . Their
ancestor s had been fed rations devoid of animal protein for
several generations (S chultze, '53a). The females of th e
parent (P) generation had been fed, since weaning and
through th e fir st lactation, a ration containing purified soy­
bean protein. They were th en transferred to ration OC1•

Their subsequent litter s (F 1 gener ation) and two generatitons
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of offspring of the la tter (F 2 and F a generations ) were used
for the expe r iments summar ized her e. Except shor tly be­
fore parturition and during lacta tion, the ra ts were housed in
gr oups of 4 or 5 'in cages provided with raised scree n bottoms.
, \Then the females were 10 'weeks old , th ey were bred with
males f ed the same ration. Shortly before parturition, the
pregnant animals wer e hou sed sing ly in cages bedd ed with
clean wood shavings . T he size of the litter was not r educ ed re­
gardles s of the number of the young horn. Th e young were
weighed daily and they were weaned at three weeks of ag e.
After wean ing or loss of a li tter, the females were placed with
males again immediately . For comparison of ration OC1 with
OC2 or OCa r esp ectively, matched litterma te females were
selected and fed the resp ective rations from the time they
were weaned. The exper iment was cont inued until females
of three filial generations had produced 4 li tter s each.

RESULTS AND DISCUSSION

E xp eriment I . All of the fema les of the parent generation
becam e pregnant, cast live litters (mean of 7.4 living young
per litter) and raised one or more young to 30 days of age with
a mean weight of 45.7 gm. The total mortali ty of these young
was 11.3%. Duing th e 6 weeks ' postweaning period, the young
females of th e F 1 gener ation gained an av erage of 117.3 gm.
The reproductive performance of the F 1 and F 2 genera tions
fed 4 different modifi cations of th e 1ICC rations is summa rized
in table 2. In both the F 1 and F 2 generations, the rats re ceiv­
ing the ration containing 5% of crude casein I continued to
have a satisfactory r eproductive performance and a low mor­
tality of the young . Th e mean weight of the young at 30 days
of age and their postweaning weight increments in 6 weeks ,
however, wer e below tho se normally obse rved with this st rain.
'When 2.5% of crude casein wa s re placed by an equal amount
of leached casein II, th e mortality of the young incr eased some­
what in both the F 1 and F 2 ge ner ations . When th e ration con­
tained only the leached casein II, the mortali ty of the young
fro m the F 1 gene ration females increased to about 50% hut
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all of the young cast by F 2 generation females di ed within
10 da ys after birth. This condition could be partly correcte d
by the addition of vitamin B 12 to th e maternal ration in both the
F 1 and F 2 gene rations . However, the preweaning and po st­
weaning weight gains of the survivors "were very infer ior.

Visual inspecti on of the young of all groups indicated
that during the first two or three days of life they received
an abundance of mille On subsequent days, however, many of
the young of mother s fe d r ations MOOs or 1'1'[004 did not ap­
pear to have any milk in the ir stomachs and th ey usually died
within two days.

"With the females fed r ations :MOOs or M0 0 4 considerable
difficulty wa s exper ienced in obtaining pregnancies in spite
of frequent exchange of different fertile males. Ther e was
no evidence, however , of la te r esorption of whole litter s (as
reveal ed by weight changes ) and no abortions or maternal
deaths at the time of parturition occurred. Alopecia or neo­
pla stic growths were not observed in these animals.

With r espect to th e survival of the young, this "exper iment
confirms the observations of the Italian investigators al­
though it should be noted that th e 100% mortality wa s not ob­
tained until the F 3 generation of young wa s r eached. The
procedure adopted for purification of casein II yield ed a prod­
uct which, as a supplement to a vitamin B 12-c1eficient mixed
cereal grain ration , was no longer ab le to suppor t the sur­
vival of the r ats through several generations. Addition of
vitamin B 12 to this ration permitted th e survival of only about
one-third of F 3-generation youn g.

E xperiment IT. The 00 rations described in table 1
suppor ted rapid weight ga in s of the young (for instan ce,
120.1 -+- 1.26 gm for 80 females and 189.7 -+- 7.8 gm fo r 22 males
during the 6 weeks ' postwcaning per iod) and a high rate of
fertility in mature animals throughout three filia l generations .
No indicati ons of alop ecia or other abnormalities not associat­
ed with r eproduction were observed. The gene ral appearance
and health of the animals seemed to be excellent after th ey
wese weaned. The principal observation s concerning th e r e-
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product ive performance of these animals and the survival of
their young are summar ized in table 3.

Although in some groups, particularly 7 and 8, the pre­
weaning mortality of the young was high, it never occurred
to th e extent reported for the offspring of th e F 1 generation
by l\Ioruzzi and his as sociates or as r ecorded in exper iment
I of this paper for th e offspring of th e F 2 generation fed the
vitamin B l 2-deficient ration. Th ere wa s no cons is tent increase
in the mortality of the young with success ive generations and
the re sults wer e about th e same wheth er casein was leached
at its iso -electric point or with 0.05 N acetic acid at pH 3.6
(compare groups 5 and 7 with groups 6 and 8 respectively).
While litter s of offspring of rats fed case in IV, leached at
pH 3.6, showed th e high est mortality (gr oups 7 and 8) , the
fact that th e first litters of gr oup 8 had a mortali ty of only
23.7% emphas izes that thi s method of preparing casein , un­
der th e conditions of exper iment II, gave a product which
could not be used to demonstrate th e existence of an unknown
dietary essential associated with casein. The addition of a
whey concentrate to the ration decreased th e mortality of th e
young somewhat but it did not improve th e reproduction or
lactation (compare groups 1 and 2).

The number of young born dead , excluding abor tions of
whol e litters, did not exceed about 27'0 ill any gr oup and most
of th e post na tal dea ths occurred between th e 8th and th e
15th day post partum. Th e reason for th e deaths is not known.
With few exceptions, th e amo unt of milk secre ted by th e
mothers appeared to be abundant. Data presented in an earlie r
paper (Sclmltze, '54) demonstrated that the rolled oats-casein
ration could support la rge weight incr ements of litters contain­
ing up to 14 suckling young. The 21-day weigh t attained by
th e young in this exper iment was about th e same in all groups .
It approached that attained in 30 days by th e young of
mother s fed th e MCC I ration. In most instances, the mother s
gained weight during th e la ctaticn period. Throughout ex­
periment II, abortions ncar term occurred with a re latioely
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high incid ence of 770. This condition did not always occur
in success ive pregnancies of the same rats .

B ecause the present experiments were extended over two
to three generations, the maternal carry-over of compounds
deficient in the ration should have been at a minimum. Fur­
thermore, in other exper iments (S chultze, '55b) , we have r ear­
ed rats on protein-free amino acid r ations ; their offspring,
whi le receiving ration OC1 since weaning, produced litters
which had a high rate of surv ival. Whether or not synthe tic
activiti es of the microflora in th e alimentary tract of our ani­
mals account for th e failure to produce in exper iment II a
consis tently high mortality of the young cannot be decided at
the present tim e. H owever, in an earl ier study with the same
st rain of rats the inclusion of 270 of phthalyl sulfathiazole in a
vitamin B 12 ration devoid of animal protein improved th e r e­
productive performance of r ats and decreased th e mortality
of the young (S chultze, '50b) .

The different r esults obtained in these two expe r iments
clear ly demonstrate that sp ecific condit ions - as yet only em­
pirically defined-are r equired to produce a high preweaning
mortality in rats. While th e rations used contained differ ent
ingredients, they are similar with r espect to the all eged" ani­
mal protein factor " since extens ively leached case in wa s used
in both experiments. Whether the slight differ ence in initial
precipitation (hydrochloric acid ver sus aceti c acid ) of th e
cas ein, or the high er level at whi ch it wa s used in expe r iment
II could account for the difference in r esults cannot be decided'
at present. Other components, not of animal origin, such as
th e methionine, th e higher level of choline, th e protein of
higher biological valu e and th e wheat ge rm oil, singly or
jointly, together with casein III or IV yi elded a ration with
which the need for an unknown" animal protein factor" could
not be demonstrated.

This expe rience emphas izes th e need for studies on th e
dietary requirements for reproduct ion and lacta tion with ra­
tions of which all components are pure compo unds of known
structure . Until results of such exper iments are at hand, it
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appears premature to interpret th e results presented by th e
Italian investigators and in exper iment I of this study as
constituting conclusive evidence for the exis tence of an un­
known "tinim~l protein factor" r equired for th e survival of
young rats. The results of our studies with protein-free amino
acid rations, reported in another paper, support this view.
Furthermore, it may be r ecalled that it has been poss ible to
maintain rats through 10 filial generations with rations devoid
of animal protein (Schultze, '53a ) .

SUMMA RY

1. For a study of th e all eged occurrence of an unrecognized
" animal protein factor " required for survival of young rats,
the us efulness of rations containing exhaus tively leached
casein plus a mixture of cer eal grains or rolled oats was in­
vestigated.

2. When casein wa s leached for two weeks with 0.5% acet ic
acid and fed at a 5% lev el as a component of a vitamin B1z­
deficient ration containing 82.5% of a mixture of cereal grains,
there was an increase in mortality of young rats in suc­
cess ive generations until it reached 100% in the F 3 genera­
tion young, Vitamin BIz r educed mortality to about 67%.

3. When similar casein preparations, leached at pH 4.6
or 3.6 were fed at a 6.5% level as components of rations con­
taining 84% rolled oats and oth er ingr edients of synthetic or
plant origin, a high preweaning mortality of young rats wa s
not consistently observed through 4 successive gene rat ions.

4. These experiments emphasize that specific conditions,
as yet.only empir ically defined, are neccessary for esta blish­
ment of a high pr eweaning mortality of the young.
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I nst i t ute of A grieult ure, S t. Paul

(Received f or publication Oct ober 18, 1954 )

Earlier exper iments reported from this laboratory
(S chultze, '53a) demonstrated that the feeding of rations
containing certain specimens of purified soybean protein s to
rats fo r several generations produced a high incidence of
dea th s among the young. This was presumably due to lacta­
tion failure. Soybean oil meal , "vitamin-free " case in and a
cr ude animal protein preparation made from defatted brain
and spinal cord each had a marked curative effect. P iccioni
et al. ('51) interpreted their expe r iments with cere al grain
rations as demonstrating the exis tence of an unknown " ani­
mal protein factor" r equired for the survival of young rats.
Gander and Schult ze ( '55 ), while confirming some of the ob­
servat ions of Piccioni et al. under certain specific condi tions,
concluded that these experime nts did not const it ut e decisive
evidence for the occurrence of an unrecognized nutr ient of
animal origin. If such a compound essential for lactation and
fo r survival of the young were associated with protein s, a
deficiency in this nutrient might best be established with
protein-free rations containing amino acids, and perhaps
ammonium salt s, as the only source of di etary nitrogen (as ide

1 Paper no. 3240, Scientific J ournal Seri es, Minnesot a Agricultural Experiment

Sta tion.
559
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from the small amount in the pure vitamins and th e lipid
components of the ration). Studiea with such rations would
have further iM er est because they would constitute a closer
approach to the goal of preparing, from compo unds of known
chemical str ucture, a ration which is ad equate to sup port
growth and r eproduction of mammals for seve r al generations.

No detailed information appears to have been publi sh ed
concerning the rep roductive performance of mammals fed
amino acid rations. Hose ( '47), referring to unpublished work
in hi s laboratory with 10 " essential amino acids, " sta ted that
"upon such mixtures, rats not only grew quite satisfactor ily
but are able to reproduce and rear their young ." According
to an ab stract of a paper presented by Emerson et al. ('47),
young rats born to mother s f ed a mixture of 10 amino acids
in lieu of protein had subnormal preweaning and postweaning
growth rates. Vitamin B 12, which became availabl e la ter , did
not overcome this r etardation of growth." No quantitative
information was given concerning the r eproductive perform­
ance of th e female rats.

This paper summar izes a ttempts to r ear rats through more
than one generation with rations of whi ch as much as 97%
cons isted of compounds of known chemical structure .

E X PERIMENTA L

Rations. Amino acid mixture I wa s patterned after that
of Hose and Smith ('50), with which, when it was supple­
mented with ammonium citrate, they had observed fairly good
postweaning weight gains of the young rats obtained from
a stock colony. Shelton et al. ('50) fed this mixture success ­
fully to pigs. The amino acid mixture II wa s that which
Schweigert and Guthneck ('53) had used successfully for the
determination of the availability of ly sine in foods. The com­
posi tion of the amino acid mixtures is shown in table 1 and
that of the p rincipal rations used in table 2. Wheat ge rm oil
was incl ud ed in the rations as a source of the unknown factor

'Per son al communica t ion from Dr. G. A. Emerson.
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which Keane et al. ('51) have reported to be necessary for
the survival of young rats.

The performance of rats with r esp ect to growth and re­
produetipn was ire many instances comp ared with that of rats
of th e same gene tic background r eared simult an eously, for
diff erent purposes, on a ration containing 84% ground rolled
oats, 6.570 leached casein and the same mixtures of added

TABLE 1

Composit ion of amino acid mixt ur es

COMPONENT SOURCE MIX T U RE I MIXTURE II

g rn grn

L-Ar ginine monohydr ochl ori de ( 1) 2.50 5.10
L -H istidine monoh yd roch loride (2) 5.00 3.4i
DL-Iso1eucine (Lots 1017iZ; 103331 ) (2 ) 10.00 13.3 0
t -Leucine (3 ) 8.00 12.65
L-Lysin e hydrochloride (95% ) (4 ) 13.18 7.3i
DL-Meth ionine (5 ) 6.00 3.60
DL·P henyla lanine (2 ) 9.00 5.33
IlL-Threonine (2) 10.00 8.00
DL-Tryptoph an (2) 2.00 1.85
DL-Valine (2) 14.00 14.40
DL-Alan in e (2) s.n
DL-Asp artic aci d (2 ) 6.48
L-Cystine ( 2 ) 3.34
L-Gluta mic ac id (2 ) 24.50
I.-Tyr osin e (3) 6.60
Glyc ine ( 2 ) 0.51

Total 79.68 122.67

( 1) H . M . Chemical Co., Ltd. ; (2 ) Mann Research L ab or atori es ; (3 ) Staley
Mfg. Co. ; (4) DuPont de Ne mours and Co.; (5 ) U.S. Industrial Chemicals Co.

salts, lipids and vitamins as were used in the amino acid
rations (Schultze, '54). The nitrogen content of this ration
wa s 3.34%; th e nitrogen cont ributed by th e amino acids and
ammonium citrate in th e amino acid rations AA2 , AA3 and AA5

wa s 1.62% ; in the amino acid ration AA 4 , 2.60% ; and in th e
amino acid ration AAn, 1.4870.

During th e course of th ese exper iments , it becam e apparent
that the growth rate of all rats fed rations AA 2, AA 3 and j..A5
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was much lower than that which Ro se and Smith ( '50) had
observed with essentia lly th e same amino acid and ammonium
citrate mix ture. Tests with a few rats indicated that when
th ese rations were modified by the addition of 0.4% of liver
extr act 3 or with three times the amount of B vitamins or
with 0.92% of sodium bicarbonate an increased gr owth rate
was not obtained. The substitution of 64.970 of dextr inized

TAB LE 2

Composition of m ti ons

RATION NO.
CO)[PQXE XT

AAa AA, AA ll

Amin o acid mixture I , g m 79.68 159.36
Amino acid mixt ur e II, gm 122.27
Diammonium cit rate, gm 51.65 51.65
Salt mixtur e IV,' gm 40.00 40.00 40.00
Sucrose + B vitamin mixture,' gm 20.00 20.00 20.00
Sucrose, gm 778.67 698.99 787.73
'Whea t germ oil, gm 20.00 20.00 20.00
Corn oil + vitamins A and D,,' gm 10.00 10.00 10.00
P yridoxine hydrochloride, mg 5 5
Vitamin B12, fLg 40 40 40

Tot al, gm 1000.00 1000.00 1000.00

'See Schultze, ' 53b.
' Ten gra ms corn oil contained 10,000 I nt . un it s vitamin A ace tate and 1,250 I nt.

unit s vitamin D,.
Note : I n rat ion AA" 50 gm of hydrogenat ed veget able oil (Crisco ) replaced

50 gm of sucro se of ra ti on AA,. In ra t ion AA., 648.67 gm of dextrini zed corn­
starch replaced 648.67 gm of sucrose of rat ion AA,.

cornstarch for an equal weight of sucrose produced only a
small incr ease in growth rate. Chromatographic examina­
tion of the amino acids used in mixture I revealed that only
DL-isoleucine contained a contaminant which reacted with
ninhydrin. This contaminant comprised about 2670 of th e DL­
isoleucine used. It had an R r value in l-butanol-aeet ic acid­
water (4 :1:5 v/ v ) of 0.63 compare d to 0.59 found for the prin-

" L iver Concentrate N. F ., Th e Wil son Laboratori es.
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cipal component and for oth er specimens of DL-isoleucine 4

previously obtained from the same source. "When the amount
of DL-isoleucine (lo t 103331) in ration AA3 was incr eased by
30%, improved but still subnormal growth wa s obtained in a
small trial involving 5 rats. Ther efore, rations AA2, AA3

and AA5 , when jud ged by the recommendations of Ro se et al.
( '49) were partially deficient in isoleucine. The amino acid
mixture II us ed in ration AA11 wa s compounded "with r emain­
ing supplies of another specimen of DL-is oleucine, lot 100027,4

TABLE 3

W eigh t gains of rats f ell am ino acid rat ions

RATS
WEI GH T GAI N I N

RAT IO N Gen .
Sex No. era-

tiou

W EI GH T AT
W I<.: A X I X G 6 wee ks 12 week s

urn g m urn
AA , orAA, F 22 P 43.8 ± 1.04 ' 52.1 ± 2.38 ' 105.3 ± 2.51 '

AA u F 5 P 43.5 97.0

AA , F 9 F , 19.9 ± 2.22 44.0 ± 2.55 96,4 (5 )'

AA , :M 7 F , 20.0 ± 1.60 44.0 ± 1.72 96.8 (4 ) '

AA , xr 10 F , 23,4 ± 2.64 100.7 ± 5.16 134.7 (3 )'

AA, F 13 F , 20.0 ± 1.60 89.7 ± 4.25

1 Standard error of t he mean .
, Number of rat s ca rr ied to 12 weeks, in parentheses.

and later (during the second pregnancy and lactation) with
a specimen from a different source 5 which pr oduced only one
spot when tested chromatographically .

Animals. All rats were from the black st rain of Line 3
which had been used in our earlier studies referred to above.
Those designated as the paren t (P) generation were fed the
amino acid rations from the ti me th ey were weaned at three
weeks of age, except in th e instance of 6 multigravid mature
females (group 1, table 4) who had complet ed previous preg­
nancies while fed the oats-casein ration. Breeding of young

'Lot 100027, Man n Research Lab oratories.
' l\l erck and Co., sta ted by th e ma nufactu rers t o consis t of L-isoleucine 50% with

n-alloisoleuciu e.
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females star ted when th ey weighed 140 to 150 gm. They were
kept in groups Qf 4 to 5 in cages with raised screen bottoms. A
few days before parturition th e females were transferred to
individual cages bedd ed with clean wood shav ings. ~lose in­
spection of the cages did not r eveal fragments of fecal pell ets
suggesting that coprophagy was not practiced extens ively by
these animals. The males used, in most instances, were ma­
ture animals that had been fed the rolled oats-casein ration.
The offspring (F1 and F~ generation) of th e mothers fed
amino acid rations were not weaned until th ey were 28 days
old, due to th eir small size.

RESUIJTS AN D DISCUS SION

Growth. 'While th ese studies were not primarily concerned
with th e growth-p romoting properties of th e ration, th e weight
increment of young rats furnished pertinent information on
th e ad equacy of th e rations used. The data summa r ized in
table 3 indicated that even when the " essent ial amino acids"
were furnished at th e 16% level as in ration AA4 which con­
tained additional ni trogen in th e form of ammonium citrate ,
the growth rate of th e rats was inferior to that obtained
with this strain of animals fed natural rations. (With the
rolled oats-casein ration, for instance, th e 6-week postwcaning
weight increment s were 120.1 -I- 1.26 gm for 80 females and
189.7 -I- 7.8 gm for 22 males.) Some other inv estigators
(Ramasarma et a1. , '49) have also observed inferior growth
with rations containing only the " essential amino acids."
No difference was noted in th is r espect betw een rations AA~

and AA3 • The substitution of dextrinized corns ta rch (ration
AA ,,) for most of th e sucrose in ration AA 3 appeared to im­
prove the ration somewhat. 'Womack et al. ( '53 ) have ob­
served a favorabl e effect of dextrinized cornstarch on the
nitrogen balance of rats fed low levels of the amino acid
rations. Several investigator s reported a favorable effect
of cornstarch on growth of rats or chickens (see Harper and
Katayama, '53) . The growth rate of th e rats of the F 1 gen-
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oration, because of ea rly malnutrition is reduced even when
they are fed an ad equate ration (Schultze, ' 5~).

R eproductiv e performance. While no sys tematic study of
the}r reproductive performance was made, ma ture males
transferred from the rolled oats-casein ration to the amino
acid rations maintained their f ertility for at lea st 5 to 6
months. Among young males of the F 1 generation fed the
AA4 or AA,:!, ration, several were abl e to bree d successfully .
Among tho se F 1 generation males that weighed only about
20 gm at 4 weeks of age, sever al developed a per sistent penile
prolapse. Table 4 is a summary of the r eproductive per ­
formance of females including surviva l and preweaning
weight gains of their young. With females of the P gener a­
tion fed amino acid mixture I, the interval between exposure
to fertile males and the fir st conception which led to a com­
plet ed pregnancy was much lon ger (mean of 30.5 days for 20
rats of groups 2 and 4, table 4) than is usu ally observed with
animals of the same str ain fed the rolled oats-casein ration
(mean of 11.2 days for 50 rats from pare nts fed the amino
acid rations) . This delay could be du e to early embryonic
death of the whole litter as observed by Nelson and Evans
( '53) under cer tain conditions of feeding protein-free rations
for short interval s. Other factors whi ch may have contr ibuted
to the long interval between breeding and production of li tters
may be an abnormally long estrous cycle, defective ova or
inadequate fertilization and implantation of the ova. I n
group 8, fed amino acid mixture II, the interval r efer r ed to
wa s only 16.5 days. From 76 females exposed to fertile males,
6 showed no indication of pregnancy within 4 mon ths. Among
68 pregnancies of rats fed the amino acid rations containing
sucrose plus 8% of amino acid mixture I , th er e occurred 11
maternal deaths shor tly before or immediately after parturi­
tion. In contr as t to this, among 51 pregnancies of the P, the
F 1 and F 2 generations fed the same mixture at a 16% level
there were only two maternal deaths (including one in the
F 2 generation not shown in table"4). Among groups 1 to 4
and 6 and 7, the weight increments of the mothers during prag-
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nancy were subnormal. This is partly due to th e relatively
small number of young born per litter, which, in 114 litters
obtained with th e rations containing amino acid mixture I,
a~eragetl only 5.2'"5. The number of young born pe r pregnancy
decreased progressively from group 1 to group 3, the longer
ration AA g wa s feel. In contrast to this, rats of th e same strain
fed th e rolled oats-case in ration had an average of 8.08 (175
litters) awl 8.96 (165 li tters) young in th e fir st and second
pregnancies r esp ectively. For the 10 litters obtained with
the ration containing amino acid mixture II th e average num­
ber of young born was 7.6. In groups 1 and 4, a r elatively
high proportion of the young were born dead.

L actation. Among 114 li tters born to th e rats fed the
amino acid mixture I , 8 died because 6 of th e mothers among
tho se in groups 2, 5 or 7 either had no milk or made no at­
tempt to feed the young . Cannibalism cau sed th e early loss
of two litter s of one moth er in group 4. With th ese exceptions,
th ere appeared to be an abundance of milk in th e stomachs of
all young during the fir st two days post partum. Later the
amount of milk appeared to be less. The mean weight of th e
young, at 21 and 28 da ys of age, was gr eatly subnormal par­
t icularly in the litters f rom mothers fed the 8% amino acid
ration (groups 1 to 4 and 7). Although some individuals in
th ese litters weighed only 11 to 12 gm at 28 days of age, they
were very active and app eared " normal" except for size.
Their bodi es, however, appeared to be longer than th ose of
normal young rats of the same weight (see Stewar t, '18).
The mothers, while nursing th eir young, incurred a marked
weight loss particularly during th e first 7 days post partum.
In contrast to this, rats of this st rain when fed the rolled
oats-casein ration produced young th at weighed on the aver ­
age about 38 gm at three weeks of age and th e moth ers usually
gained from 10 to 15 gm while nursing th eir first litters
(S chultze, '54) .

When th e amino acid content of th e ration wa s increased
from 8 to 16%, the weigh t of tlte young, both at 21 and 28
days of ag e, though still subnormal, was increased. "I'he
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mothers, how ever, still lost weiJSht under these conditions .
Although a mother might be nursing only 3 to 4 young, most,
if not all, of the 12 potentially functional mammary glands
were used by the young. It appears evident that one of t"ije
pr incipal r eason s for subnormal preweaning weight of the
young is inadequate lactation . Whether this involves an in­
sufficient quantity or an abnormal compo sition of the milk
or both cannot be decided from the available ovidence.

An attempt wa s made to determin e whether prenatal in­
jury to the young was responsible for their subnormal growth.
With three success ive litters from the same mother fed
ration AA2, about half of the young wer e tran sferred to a

T AB LE 5

E ff ect of amino acid ration on lactation of rats

RAT ION OF NU RS I N G MOTH ER::;

OC,
'

AA2
NU MBE R OF XURSI K G MOT H E RS 3 3 2

Sou rce of young rat s Own F ost er Own F ost er
Number of young 1 hour after birth 15 14 14 14
Mean weight of young at birth , gm 5.1 4.1 4 .~ 5.1
Number of young surviving, 3 weeks 10 9 8 10
Mean weight of young at 3 weeks, gm 3i.5 24.7 12.7 13.9

1 Rolled oat s-cas ein ration.
2 Thr ee successive preg nancies and lacta tions of th e sa me animal.

mother fed the rolled oats-casein ration that had cast a litter
at the same time and about half of her young were trans­
ferred to the mother fed the amino acid ration. The p ata
shown in table 5 indicate that young born to a mother fed
an ad equate diet during pregnancy failed to grow normally
when nursed by an animal fed the amino acid ration. This
must be du e to inadequate nutrition during th e preweaning
per iod. The young born tomothers fed the amino acid ration
made much better weight gains when nursed by a mother fed
the oats-casein rat ion , but their growth was still subnormal.
'I'hi s might be a r eflect ion of their smaller birth weight or of a
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functiona l impairment due to improper prenatal nutrition,
or of both factors.

M ortality of the y oung. Except in g roups 5, 6 and S (table
4). th e l~lOrtality of the young was high. Most of the deaths
occurred during the fir st 4 days postpartum. After the 10th
day, there were very f ew deaths even though the animals
g rew very slowly. Witl; th e ra tion AA 4 , "which contained 16'70
of th e amino acid mixture I , there wa s a relatively low mor ­
tality in those litters in which there were any survivors.
Thus, in 20 litters from the :F\ gene ration mothers (group 6,
table 4), th e mortality am ong 105 young that were born alive
was only 13.3'70 , whereas in 7 litters, "with onl y 17 yo ung, none
su rvived. In seve ral in stances, moth ers were able to r ear a
litter of th e sec ond or third pregnancy after ha ving failed to
do so in the fir st or second pregnancy. "When the lipid con­
tent of th e ration conta ining 8'70 amin o ac ids wa s incr ea sed
from 3 to 8'70 , the mo rtality of the young was less bu t their
preweaning weight gai ns were not incr ea sed (compare g roups
2 and 4, table 4) .

The data summa rized in table 4 sho w that an in cr ea se of
the amino acid mix tur e f rom 8 to 16'70 decrea sed the mortality
and improved la ctat ion. This was also observed with 6
mothers from gro ups 2 and 3 that were transferred to ration
AA4 after they had cast 13 litters with 77 young of whi ch
68 di ed before they were three weeks old; aft er t r ansfer to
r a ti on AA4 these mothers cas t 12 litters with 48 young, 20
of which di ed before the 4th day po st pa rtum hut 27, f rom 5
litters, were weaned a t 28 days of age wh en th ey had a mean
weight of 29.8 gm.

Of special in terest a re the r esult s obtained with rat ion AA II

( table 4) which contain ed the 16 amino acids of mixture II in
which the total nitrogen con tent and the concent r a tion of the
" essential amino acid s" (with the excep tion af arginine, leu ­
cine and isol eucin e) are less than contr ibuted by the amino
ac id mixture I and ammonium citrat e to rati ons AA2 , AA~

and AA5 • With ration AA ll there wa s a 96'70 survival of 76
young in 10 lit ters of th e P ge ne ra tion, but th e preweafiing
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growth of the young was subnormal. While these results in­
volve re latively few animals and do not cover the more rigid
tes t of r eproductive performance of filial generations, th ey
sugges t that amino acid mixture II may be sujjer ior -to mix­
ture I with r espect to reproduction and la ctation. To what
extent any of th e amino acids contribute to this effect will
require detailed study . The r elative amounts of leucine, iso­
leucine and arginine are high er in amino acid mixjnre II than
in I.

The r eason for th e r elatively poor r eproductive perfor­
mance and lactation of rats fed the amino acid rations is
not clear at present. With rations AAz, A A 3 and AA5, a
partial isoleucine deficiency, super imposed on a r ela tively
low nit r ogen intak e is no doubt involved. A partial threonine
deficiency has previously been shown to lead to great weight
losses of nursing mothers and to subnormal weight gains
of the young (Schultze, '53b). When the concentration of all
amino acids of mixture I wa s doubled, th e absolute isoleucine
deficiency was all eviated and the nitrogen content of this
ration (AA4 ) becam e equivalent to about 15ro protein
(N X 6.25) . A compar ison of th e r eproductive and lactation
performance of rats fed protein-free diets containing only
the" esse ntial amino acids" with th at on a ration containing
th e same quantity of nitrogen in th e form of protein was not
in tend ed until it was established th at with th e former type
of ration some degree of success could be obt ained. How ever ,
th er e is ampl e evidence in th e literature (Slonake r, '38;
McCoy, '47 ; Goettsch, '49) that rations containing 14 to 16ro
of protein supp ort the attainment of much greate r weight of
th e young at three weeks of age than wa s observed in these
studies even though the concentration of the" essential amino
acids " is much lower. Among conditions which may be r e­
spons ible for the impair ed r eproductive and lactation per­
forman ce could be an "imbalanc e " of th e amino acids (Rama­
sarma et al.,· '49; Flodin, '53 ), inadequate utilization of th e
n-amino acids for biosynthesis of th e " non essential amino
acids ," a dietary r equirement for some of th e nonessential
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amino acids during the stress of pregn ancy and lacta tion, or
the existence of unrecognized nutrients which may be neces­
sary under th ese conditions. These possibilities can now be
investigated by m odi fioa tions of those di et s with whi ch the
best results were obtained in this study.

R eproductiv e perjormance of th e F ';! generation. Three F';!
generation rats were fed ra ti on AA3 plus 3 gm of DL-iso­
leucine (Mann, lot 103331) per kilogram of ration since wean­
ing. They cast three li t ter s with a total of 12 young, all of
which were weaned at 28 days, with a mea n weight of 22.0 grn.
Of 4 F ';! generation femal es fed r ation AA 4, one died at term
with 8 fetuses in utero ; the othe r three cast a total of 4
litters with 18 young, all of which were weaned at 28 days of
age, with a mean weight of 28.0 gm. While the numbers of
animals involved are small, the fact that none of the F 3

generation young died does not support th e view that rats
r equi re a dietary source of an " animal protein fa ctor" for
survival of the young.

Mie cellan eous obs ervations. With a few rats born to
moth ers fe d rations AA3 or AA4 exploratory tests were made
to dete rm ine if various additions to ration AA 3 would im­
prove reproduction and lactation. Although the numbers of
animals involved in the first three groups are small, th e re­
sults shown in table 6 give som e indication concerning the
effect iveness of the supplements used. When 0.3% of DL­
isoleucine wa s added to ration AA3 all of the 25 young in 5
li tter s survived (g ro up 1) . Their av erage weaning weight,
however, was still subnormal and the mothe r s lost weight
during lacta ti on. The addit ion of liver concentrate alone
(g ro up 2) or with DL-isoleucine (group 3) increased the wean­
ing weight of the young although it was still subnormal. The
small number of young present in each litter of gro ups 2 and
3 can account for their greater prcweaning weigh t gains .
When purified soybean protein r eplaced half of th e ni trogen
contr ibuted by am ino acid mixture I to ration AA4 the re sult­
ing ra ti on was improved with respeot to th e numb er of young
born per litt er , the weaning weight of the youn g anclo the
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ma intenance of weight of the mother during lacta tion (group
4). This indicates that with r esp ect to r eproduction the soy­
bean protein or its component am ino acids improved the ra­
tion to an extent not accomplish ed hy an ~qual quantity of
the " essential am ino acids." 6

T ABL E 6

Effect of supp lements 1 on reproduct ive performance of rats ' f ed ra tions A A ,

:MEAN W T .
~ U ~l BER OF Y OUN"G

) IEAX WJo~IGH T
C H A'S GE OF

GROU P
SUPPLE ~fE NT "0 . OF OF YOUN G AT

:"oI OT H E R I N
PER K G R A'rrON 1"'E1IALE S W ean e,1 a t 2 8 DAYSBo rn

2 8 da ys 2 8 DAYS
P OST

PA RTUM

um urn
3 gm m. -iso-

leucine 5 25 (5 ) ' 25 (5 ) 22.0 -6.0

2 0.4% liver
concentrate 4 11 (3 ) 5 (2 ) 31.5 -6.5

3 0.4'70 li ver COliC .

+ 3 gm DL ·

isoleucin e 2 5 ( 2 ) 5 ( 2 ) 34.0 -2.0

4 64 gm purified
soyb ean
prot ein 7 • G9 ( ] 0 ) 58 ( 9 ) 37.8 + 8.0

1 See table 4, g roup 3, fo r reprodu ct ive perform an ce of unsup plemented control
group.

2 All ra ts wer e young from mothers f ed ration AA, or AA"
' N umbe r of li tters bo rn in parenth eses,

• Three of these rats, while f ed ration A A" had previously cast 4 litter s with 23
young of which 13 surv ived -to 28 days of age ,

Several mother s wer e autopsied after completion of lacta­
tion. In most in stances, the liver s were gre atly enla rgerf pale
colored, mottled and friable, suggesting severe fatty infilt r a­
tion. This condit ion was not observed in animals of similar
ag e that had failed to conceive or in those that died at par­
turition. It ma y be r elated to the production of fatty livers
observed by Harper et al. ( '54) as a r esult of dietary im-

• Th e ter m" essenti a l amino acid 'J as defined by Rose ( '3 7) ref er s only to the
diet gr y requirements of th e rat fo r growth .
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balance of amino acids. Analyses of th e liver s will be reported
later.

The long bon es of three rats fed ration AlL were analysed
for ash and calcium. The bones were removed 28 days post­
partum after the se rats had nursed litters with a total of
19 young. The ash averaged 66.7% and the calcium 25.5ro
of the fat-fr ee, dry bon es. Tli e corresponding values for the
bones that were r emov ed from 5 rats fed the rolled oats-casein
ration aft er they had completed a period of intensive lacta­
tion were 65.7 and 25.2% r esp ectively. It is evident that the
introduction into the ration of some of the amino acids as
hydrochlorides and th e str ess of lactation did not demin­
eralize the skeleton and thus contribute to inadequate lacta­
tion.

SUMMAR Y

1. Protein-free rations containing 8 or 16% of a mix­
ture of 10 amino acids and as much as 97ro of compounds of
known chemical structure were fed to rats for two, and in a
few cases for thr ee generations.

2. 'With rations containing 8% of th e 10 "essential amino
acids" and 5.1%of ammonium citrate, there was poor growth,
a r elatively high incidence of maternal deaths, a subnormal
number of young per litter, a high mortality and subnormal
growth rate of the young. Correction of a partial isoleucine
deficiency increased th e survival of th e young.

3. With a ration containing 16% of the 10 essential amino
acids and 5.1ro of ammonium citrate, ther e wa s a low in­
cidence of maternal deaths, an increa sed survival of the young
and an incr ea sed, though still subnormal, growth rate of the
young.

4. The substitu tion of purified soybean protein for half
of the amino acids in the 16% amino acid r ation improved
lactation.

5. When a ration containing 12.2% of a mixture of 16
amino acids was fed to young rats from weaning, 96 ro of the
young survived the prewcaning psriod but their gr owth rate
during that time was subnormal.
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6. The quantita tive requirements of the rat fo r amino
acids during reproduction and 1hctation remain to be defined,
but th ese exp eriments as yet provide no suppor t for th e al­
leged occurrence of an unknown "anima"- protein. factor"
needed for survival of the young.
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TWO FIGURES

It has previously been shown (Kaunitz and Slanetz, '50;
Kaunitz, '53) that the inclusion in a complete rat diet of lard
heated and aerated for 300 hours at 90 0 0 . produces only mild
toxicity symptoms. In the current paper, it will be shown
that similarly treated cottonseed oil is severely toxic and that
this effect can be counteracted by fresh oil.

PROCEDURE

The studies were carried out on albino rats from a homo­
geneous colony and were begun when the rats were 4 weeks
old. The maintenance diet of the colony and the procedures
used to obtain comparable groups have been previously de­
scribed (Kaunitz et al., '54).

Samples of a commercially available refined cottonseed
oil 2 were aerated and heated in a water bath at 90 to 950 0 .
for 50 to 300 hours. A clear oil always re sulted. The peroxide
numbers were repeatedly determined by the Stansby pro­
cedure.

The desired amounts of the treated or fresh oil or both,
alcohol-washed casein and cerelose comprised 93.50/0 of the

1 Aided by a grant from th e Schenley Laboratories Inc., N ew York, N. Y.
2 Wesson Oil.
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purified diet employ ed. To these constit uents wer e added 4%
salt mix ture (U.S.P . no. 2), O.f>% calcium carb onate , and 2%
calcium carbonate, and 2% celluration and, per kilogram, 1 gm
of inositol , 1 grn of choline, 300 mg of para-aminobeitzoic acid,
100 mg of nicotinic acid , and 10 mg of vitamin K. Other food
fa ctors were supplied by feedi ng 4 times weekly two drops
of a wa tery suspens ion containing, per milliliter, 4 mg of
thiamine, 8 mg of riboflavin, 8 mg of pyridoxine, 20 mg of
calcium pantothenate, 5 mg of folic acid, 0.05 mg of biotin,
10 ug of vitamin Bl~ ' and 50 mg of ascorbic acid. The fat­
soluble facto rs were administ ered in a linoleic acid suspens ion
containing, per milliliter, 50 mg of al ph a-t ocopherol acetate,
10 mg of free alpha-tocophe ro l, 0.5 mg of vitamin D~, and 5 mg
of crystall ine beta-carotene."

In th e course of the experiments, it became necessary to
pair-feed rats on diet s containing the treated oil with match­
ing groups receiving f resh oil in addition. The compositions
of the ra ti ons containing fresh oil were adjusted so that iso­
caloric amounts of the di ets to be compared would contain
id entical amounts of protein and of treated oil. For instance,
when 15ro treated oil and 30% protein wer e used, 1 gm of
the diet was equivalent to 4.49 calories. A di et containing
30% fat was equivalent to 5.27 calor ies per gram. Therefore,
an amount of the high-fat diet equal to 85.2% of a given
amount of the low-fat di et had to be fed. In orde r to make the
protein and treated oil intakes of th e animals on the two diet s
equal, ~~.~ X 30ro protein and ~~.~ X 15% treated oil were
used in the high-fat diet whi ch thus contained 35.2% psoteiu,
17.6ro treated and 12.4% fresh oils. This procedure is ac­
ceptable only if it can be assumed th at th ere was no significant
differ ence in the calor ies lost in th e feces of th e paired gr oups .
Despite th e diarrhea observed in animals ea ting the treated

3 Dr . L eo Pirk of Hoffmann-La Roehl', I nc., N ut ley , N ew J er sey, generously
supp lied us with most of the sy nthetic vitamins used. Vitamin D, was supplied
by th e Ster ling -Winth rop Research "fnsti t ute, Rensselaer. N . Y. , and th e crys ta l­
lin e bet a-carotene, h.'- th o Barnett Labor a tories, Long Beach, California.
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oil, it is highl y improbable that calo ric losses need considera­
tion in the evaluation of the expe rimental r esults.

The rats were kept in single unit cages with wire bottoms
and r emsvable pa'hs to facilitate th e det ermina tion of food
cons umption. Body weigh ts were r ecorded by plotting the
logarithm of th e weight again.st the r eciprocal va lue of the
age (Zucker and Zucker , '42) .

The orga:g weight - body weight r elationship ha s been
presented as a log - log plot. 'I' o obtai n da ta on normal rats,
th e organs of 130 mal e rats varying in body weight f rom 18
to 450 gm were examined. These animal s had been on a com­
plete diet containing 10% lard and 30% casein and were
considered normal because animals on th is diet gre w normally
(according to Zucker and Zucker , '42) and males remained
fertile during this period. On the log -log plot, th e upper
and lower limit s of the spre ad fo rm ed parallel lin es. F or
brevity and cla r ity, only these lines and not th e individual
points fo r the normal r at s are given below for the comparison
with the expe r imental animals.

RESUL TS

When rats were fed a diet containing 30% casein and 1570
of cottonseed oil which had been ae rated and heat ed to 95°C.
for 200 hours, th eir da ily calor ic intake was less than half of
that of rats receiv ing fresh fat or no fat a t al l. They began
losing weight at once (fig. la, curve III) . Three weeks after
having heen pla ced on th e di et s containing 15% of the treated
materia l, 12 to 75% (on th e av erage, ro ughly hal f ) of 4 gro ups
had dted (table 1). When 0"11ly 100'0 of th e treated oil was
used, few r a ts had died among 6 groups three weeks after
the expe r iment sta rted. They were somehow able partly to
adj ust to th e treated oil in that th ey gradually lost th eir diar­
rhea (see below ) and even increa sed in weight slightly (fig.
1h ). The circumstance that th e wei~ht incr ease though pres­
ent, wa s ve ry small even in th e absence of the diarrhea sug­
gests that th e weight redu cti on was not du o pr ima r ily to
diarrhea .
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'With 20% of the treated material, all rats died within three
weeks. Similas results have been obtained with linseed oil
heated to 275°C. in the absence of oxygen (Crampton et aL,
'51). Th e rats had the appearance of starv ing ani:r!lals with

350

0)300 fJr
S 250 .-
« j1
~ 200 ;1
ci / E~ 150

'"
~
; I~g

~ 80

~ 70

~ 60 "

g 50 " '{, JIr

4 0
70

60

"'
~ 50

~ 4 0

~
o 30
~

J
;;
c 20

10
6 7 8 910 12

b)

4 5 689 10

AGE IN WEEKS(RECIPROCAl SCALE )

~EbrJ1I

6 7 8 '3 10 12 14

E ig, 1 Effect of th e add it ion of fresh or "treated " cottonseed oil or bo th
on growth and food consumption of a lbino rats f ed di ets con ta ining 30 or
60 % of ca sein . The" treated" cottonseed oil was aera te d a nd hea ted to 95°C.
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dirty, and sometimes sparse, fur. They had severe diarrhea,
th e feces containing apprec iable amounts of raucus and being
lighter in color than tho se of the controls. Histological ex­
arninatiohs of nearly all organs 4 of 6 ra ts in an advanced
stage of the di sease fail ed to reveal any abnormali ties ex-

TABLE 1

Effect of t he . dd it ion of fr esh or "treated" cottonseed oil or bot h on grow th
and food consumpt ion of albino rats [ed diet s containing diffcrent amounts of
casein . Th e "t reat ed " oil was aerated and heated to 95°0. fo r 50 to 300 hOl/rs.

TREATED OIL O:-;LY TREATJom OR FRE SH OIL OR BOTH

% d ea d % dea d
NO. AN D % trea t ed % casein after % trea ted % f r esh 0/0 cas ein after

SEX oil in diet in diet 3 wee ks oil in d iet oil in di et in di et 3 week s
on di et on di et

7J ' 10 5 29 10 5 0

7J' 10 30 0 10 30 0
16 <j' 10 30 0 10 15 30 0

8J' 10 49.5 12 12.8 17.2 63.5 0
12 <j' 10 60 0 10 20 60 0

7J 10 74 43 10 74 0
16 J 1 15 30 38 17.6 12.4 35.2 0

17.6 12.4 35.2 0

16 J' 15 30 os 15.9 4.1 31.7 0
17.6 12.4 35.2 0

8J' 15 54 12 15 15 63.5 0

8J' 15 54 75 17.6 12.4 63.5 25

8J 20 5 100

8J 20 30 100
8J 20 30 100

' P air-f ed with animals on t he sa llie lin e.

cept mild edema of th e in testinal mucous membrane in some
instances.

When fresh oil wa s added to the diet containing the treated
oil, the effects of th e latter could be nullified to a large extent.
Mal e rats r eceiving 15% of the treated and 15% of the fresh
oils and permitted to eat without rostr-iction were alive three
months after the exper iment had started and showed no

• We are greatly indebted to Dr. H erb ert Stoerk of the Merck Inst itute for
Th erapeutic Research , Rah way, N ew Jersey, fo r the hist ologi cal st udi es re ported

in thi s pap er.
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signs of the di sease excep t that their body weight s were well
below those of \.he rat s rece iving only f resh fa t. This r esult
was similar to those obtained with heated and aerated la r d
in which decreased growth was the only sign oj abnormality.
When female rats receiving 1070 of the treated cottonse ed oil
were mated after several weeks-on the diet and after th ey had
been without diarrhea for several weeks, they either did not
become pregnant or r esorbed the fetuses. With iresh cotton­
seed oil in addit ion to the treated material, nearly normal
lit ters were born and r eared. The beneficial effect s of add­
ing fresh oil to diet s contain ing t reated material wer e the
more remark able because the higher food intake of the ani­
ma ls receiving supplements of fresh fat would result at the
same tim e in an incr ease in the intake of heated and aerated
oil (fig. 1 b) . Paired feeding expe riments demonstrated that
the very low calor ic intake of the freely-eating group fed
treated oil was not responsible for most of th e toxic symptoms
observ ed. T he animals r eceiving isocalori c amounts of the
diet containing fre sh as well as t reated oil gre w bette r an d
lived longer tha n the animals with which they were paired
(fig. 1 c) ; this was ascer tain ed in three separate exp eriments.

Determination of the hemoglobin content and counts of th e
red and white blood cells were made on pair-fed animals
receiving 5 to 74% protein and 15% treated oil with and with­
out fresh oil. There were no essential di ffer ences among the
groups as to hemoglobin and red blood cells . Among 15 ani­
mals receiving 30% casein and 15% treated oil, 7 had white
counts of over 9000 pel' cubic millimet er, while non e of their
pa ir-fed controls receiving fresil oil had count s this high.
Desp it e great individu al variations, ther e wa s a similar trend
among th e animals r eceiving 5 and 74% casein.

Organ weight studies are shown in figure 2. Th e curve
of th e normal kidney (fig. 2 a) reveal ed a break at 40 to 50 gm
body weight, whi ch corroborates the findin gs of previous
worker s (Stoerk and Zucker, '46). It is evident that nearly
all kidnevs from an imals on treated oil are cons ide rably... .'
outside the upper limit fo r normal kidneys while the weights
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of those receiving fr esh and treated oil are within normal
limits. In fact, the kidney weights of the animals fed only the
treated oil were heavier than those of normal rats weighing
60 gm, ~hich was the average weight of the groups just be-
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F ig. 2 Relat ion of orga n weight' t o body weight in rats f ed a purified di et
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con ta ining 15 % of t he t rea t ed oil; t he open circl es, t o a nima ls pair-f ed with
th e la t t er and receiv ing 17 .6% trea ted and 12.4 % fresh oil s. The p a rall el li nes
indica t e th e li mi t s of varia ti on in t he organ s f ro m 130 norm al a nima ls .

fore th e administration of the treated oil. Thus, while the
body weight declined, the kidneys increased in size . Simul­
taneous administration of fresh Oil kept the r elation of kidney
to bod y weight within normal limit s.
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The liver weights (fig. 2 b) shpwed similar , bu t somewhat
less pronounced, changes. Most of the livers of animals on
treated oil were well above those of normal rats ; fresh oil
prevented the changes. Organ and body weigh ts of tta ts f~d

rancid lard have been r eported by Greenb erg and Frazer
( '53) . Their average r esults for kidneys and livers of ani­
mals f ed rancid or fresh lard fall within the r ange for
normal rats as given in figure 2a and b. It is t r ue, however,
that the liver and kidney weights for the rats fed rancid
lard tend to be on the upper limit for normal rats while those
of the animals fed fresh lard are lower. This is further evi­
dence that heated and aerated lard is much less toxic than
simila rly t re a ted cottonseed oiL

The scatte r ing of the normal adrenal weights wa s much
gre a te r than that of the liver and kidneys (fig. 2 c). H owever,
in 9 out of 16 cases, the adrenals of those f ed t reated oil ex­
ceeded the maximum weight of th e normal s while, in the gro up
fed f resh as well as t reated oil, this occurred only 4 t imes .

The majority of the testicular weights of both groups of
experimental animal s were above those of the normal ones
(fig. 2 d ) . In many instances, the re fore, the testes did not
lose weigh t, and some even in creased in size despite the loss
in body weight r esulting from the f eeding of the t re ated oiL
This wa s not changed by the addition of fresh oil to the diet.

The shape of the thymus - body weight r elationship in
normal animals (fig. 2 e) expresses the involution of the
thymus. The curve found in these studies is not appreciably
different from that described by Stoerk ('46) . E xtremely
small thymuses were found in the majority of animald fed
treated oil. The thymuses of about half of the pair-fed con­
trols r eceiving treated and fresh oils were al so smalle r than
normal (presumably as an expression of semi-s ta rv ation ) but
were much larger than tho se fed only the trea ted oiL

The variation in splenic weights among the animals far
exceeded the var ia tions in any of the other organs. Yet , it
seems evident that the spleens of ab out hal f of the animals
fed only treated oil a re below the lower limi t for normal
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spleens while tho se of their pair-fed controls are just within
normal limits.

In further studies, an attempt was made to modify the toxic
effect 0' the -tr ea tcd oil by f eeding ext ra amounts of the fat­
soluble vitamins and by the feeding of fresh oil by dropper
rather than by inclusion in the diet.

When animals r eceiving 15% of the treated oil were given
daily feedings by dropper of about 25 mg of synthetic DL­

alpha-tocopherol acetate containing 125!Jg of crystalline
beta-carotene and 2.5 !Jg of vitamin D~, their average weight
after two weeks was 75 gin, whi le that of the rats receiving
no supplement wa s Gl, th e difference being sta t is t ically sig­
nificant. However, a g roup receiving 15% of th e treated oil
and 10% of fresh oil weighed 99 gm on the av erage at this
time. Therefore, the mildy protective effect of tocopherol
(and the other fat-soluble factors) does not explain the
st rongly protective acti on of fresh oil added to th e diet.

Daily feeding by dropper of 0.5 to 0.8 gm of f resh, refi ned
cottonseed oil exe r ted only a mild protective effect as to
growth and survival time in rats fed 15% of the trea ted oil.
After three weeks on the expe r imenta l diet , th ose receiving
no supplement weigh ed, on th e av erage, 60 gm and three ou t
of 12 had died ; those fed fresh oil in addition weigh ed, on the
average, 69 gm and none had died. However, when a com­
parable amount of fresh oil was added to th e diet , the average
weight was well above 100 grn. W e ha ve so far no explanation
for this difference.

D.r.3CUSSION

In stud ies on heated and aerated la rd (Kaunitz and Slanetz,
'50), it wa s concluded that the amount of peroxides present
is not related to th e degree of toxicity. In th e cur rent studies ,
simila r results were obtained. In the expe r iments shown in
figure la, it wa s found that a sample of cottonseed oil , heated
and aerated to a peroxide number of 191, brought about only
very mild growth r etardation. "When heating and aeration
were continued, the peroxide number dropped to 141, but the
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sample had become ver y toxic. It,would ther efore seem that,
if th e toxic product s are the resu~t of oxidation, they may be
breakdown product s of peroxides; but it is quite possibl e that
the toxic p roducts are not at all, or only partly, r eilnted to
oxidative chang es. Crampton and hi s co-workers ('53), in
their studies on heated linseed qil advanced this latter view­
point. They made it seem probable that som e products formed
during thermal polymerization are tox ic.

Concerning the antagonism betw een treated and fresh oils,
we had fir st believed that an antimetabolite r elationship might
exist between the toxic products and fre sh oil. However, in
view of the fact that th e protective effect of fresh oil is only
mild when it is not added to the diet but is fed separately,
the antimetabolite theory may not be a good explanation for
th e fa cts observed. The po ssibility mu st he conside red that
addit ion of fresh oil to heated oil may change the toxic prop­
er ties of the latter, perhaps by influencing th e sta te of poly­
merization." But whatever explanation may eventually prove
to he cor rec t, it seems noteworthy that fresh oil may, under
certain conditions, exer t a life-saving effect which is not due
to it s calor ic properties.

SUl\DLARY

1. The inclu sion in a ra t diet of 15 to 2070 of r efined cotton­
seed oil, aerated and heated to 95°C. for 200 to 300 hours,
led to rapid loss of weight and death within three 'weeks.

2. The condition wa s accompanied by diarrhea and by th e
occurrence of lar ge liv er s, kidneys, and ad renals and small
sp leens and thymuses. H istolog ica lly, the only change was
an occasional intestinal edema.

3. Addition of f resh oil to the diet containing th e heated
and aerated oil protected the animals against th e tox icity.
Only growth r etardation per sisted. This prot ective effect

' Thi s possibility was di scussed with a number of worker s in th e field s of f a t
an d of pol ymer chem is t ry . Whil e th ey agreed th at no definite opi nion could
be gi ven , som e of th e work er s f elt th at a t least cha nges in th e kind of polym er ­
izatio~s could b e effecte d by th e a ddit ion of f resh t o polymeri zed' oil.
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could also be observed in paired-feeding expe rrnents in which
the paired rats receiv ed th e same number of calori es and equal
amounts of protein and of treated oil. When fresh cotton­
seed oil-wa s f ed by dropper in stead of being included in the
dret, it s protective effect wa s only slight.

4. Extra feeding of 25 mg' of nt-alpha-tocopherol aceta te
(and other fat-soluble factors) gave mild protection.

5. P eroxides are p robably not r esponsible for the toxic
effect of the heated and aerated cottonseed oil ; polym erization
may be a better explanation. No definite expla nation for the
antagonism of f resh to trea ted oil can be given ; th e effect is
probably not due to an antimetabolite relationship but could
be caused by a change in the state of po lymerization.
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The development of smooth-surface caries in white rats as
a result of feeding a complex diet containing heat-processed
cereal foods was previously reported (McClure, '52). Also,
in a comparison of diets containing roller-process skimmilk
powders with a diet containing a spray-process powder, the
highest incidence of caries and the most severe caries resulted
from diets containing the "roller-process powders (McClure
and Folk, '53). In evaluating this later result, account was
taken of the fact that a more severe heating is generally ap­
plied during roller drying than during the spr ay drying of
liquid milk (Hunzicker, '49 ; 'Whittier and 'Webb, '50) . Fur­
thermore, it was shown that an additional heat treatment,
brought about by the" dry autoclaving" of these two commer­
cial powders, increased this> development of smooth-surface
caries (McClure and Folk, '53). The over-all results thus
raised the question as to what extent the effect of heat proc­
essing on skimmilk powders was a factor in this production
of experimental rat caries. In subsequent studies a diet con­
taining a spr ay-process skimmilk pqwder stored at 37°C. and
70% relative humidity for 90 days was significantly more cario-

1 F ellow , Research Council of th e America. Dental Association; Resea rch As­
socia te, N ational Institute of Dental R esearch.
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genic than a diet containing the parent powder (Folk and
McOlure, '54). 1 his r esult suggested that storage conditions
also may bring about changes in a milk powder which may con­
tribute to a cariogenic effect in a rat diet.

It is th e purpose of this r eport, therefore, to present rtd­
dit ional data bear ing on th e pqss ibiiity of a re lation of hea t
processing of skimmilk powders to the development of smooth-

. sur face caries in white rats and also to present preliminary
results showing the production of smooth-surface caries by
diets similar to tho se containing milk powders, except ing
that th e milk powder was replaced by a protein-equivalent
quantity of purifi ed casein and a commercial whey powder.

EXPERIMENTAL

In the study of milk powders th e products used were as
follows: powder" X" (diet 666) wa s prepared by a freeze-dry
process " and at no time did the temp erature of the original
milk or powder exceed 40°0. This powder was white and very
flaky. Skimmilk powd er "A" (d iet 633) was an " improved
low-heat spray process non -fat powder" ; skimmilk powder,
"0" (diet 635) wa s a roller-process non-fat powder . I n the
study of whey powders, diet 661 contained a commercial rol­
ler-process powder (" A") made from cheddar cheese whey.
This product comes off the rollers in large chunks and wa s
finely ground before feeding. ·Whey powd er "B" (diet 662)
was prepared by autoclaving whey powder "A" for 15
minutes at 15 pounds pressure in an open pan. It wa s dried
overnight at 90°O. and ground fine. 'Whey powder" 0 " (di et
667) was a sp ray process" edible dry cheese whey." As ob­
tained commercially it was a fine powder. 'Whey powder" D"
(diet 668) was prepared by autoclaving powder "0" for 15
minutes at 15 pounds pressure in an open pan. It wa s dried
overnight at 90°0. and ground to a fine powder. It should be
noted particula rly regarding the commercial preparation of
whey powders, that a number of variable procedures, in ad­
dition to the method of drying, may influence th e charac te r-is-

· '"prepared by Ben Venue L abora·tories, Inc. , Bedford, Ohio.
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tics and quality of th e product «Hunzicker, '-19; Whittier and
·Webb, '50). All the milk powders and the diets wer e stored
in closed containers a t 5°C. prior to use.

The wtlCY uowaers, present at a level of 2570 in di et s 661,
66~, 667 and 668, supplied 3 to 4% of the dietary protein in
the form of whey protein. 'I'he total protein content was
adjusted to the 13.570 level of th e skimmilk-powder di et s
(666, 663 and 635) by addition of 1070 of vi tamin-free casein.
The whey-powder diet s contained th erefore, esse ntially 3570 of
a reconsti tu ted skimmilk powder .

The components of the complete di ets and analytical data
relative to th e diets are shown in table 1. I n addition to the
diet , the rats were given weekly by mouth a vi tamin supple­
ment which provided approximately 1500 units of A, 100 units
D2 , and 5 mg of alpha tocopherol. They drank distilled water
and ate ad libitum. Fresh supplies of diet s 666, 663 and 635
were fed each day and all r efused portions wer e discarded,
In th e studies with the whey-powder diet s, food was r enewed
in the food cups at 3- to 4-day intervals and refused food wa s
not removed.

The rats were at weanling age when star ted and were
hou sed two per cage on scree n bottoms . H oltzman and
Spr ag ue-Dawley strains were represent ed equally in all the
groups . Litter mate trios were fed di et s 633, 635 and 666,
litter-mate pairs, di et s 661 and 662 as well as diet s 667 and
668. Males and females wer e equally dist ribu ted in all ex­
periments. No stra in or sex di fferences have been obser ved
in an y of the res ult s. At the termination of the experiments
the rats were killed, the heads autoclaved, sof t tissues r emoved,
and car ies was diagn osed as previously described (McClure
and F olk, '53) .

RESULTS

Pertinent data on management asid growth of th e rats and
r esults of the ca r ies di agnosis per taining to th e skimmilk
powder diets are shown in ta ble. 2. Diet 666, containing a
lyophilized skimmilk powder produced a low incidence (15.i %)
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of ca ries with an average score of 0.5. On di et 633, contain­
ing a commercial spray-pro eess skimmilk powder , incidence
of car ies, av erage numb er of carious teeth and the average
caries ~ore were about three times tho se all diet 666. Of

TABLE 2

Cari es experience in rat s f ed di et s cl1t!taining different dry sk iuimi llo powders

DIET N O. 666 63 3 635

•:MILK P OW DER PREP_o\RATIO~ L YP HO LIZED SPRAY ROLLER

No . of litters 36 36 36
No . of rats 39 38 39
Days on expe rime nt 91 91 91
I nitial wt, ( gm ) 26.2 26.2 26.9
Final wt, (gm ) 177.8 203.4 1i 3.2
Av . daily gain ( g ill) 1.i 2.0 1.6

Caries incidenc e - P er cen t

Ca rious rats 15,4 42.1 66. i
Occlusal ca rious ra ts 0.0 0.0 10.3
Sur face ca ri ous rats 15,4 42.1 66.i

Ca ries di stribution and severit y - no . per rat

Upper carious teeth 0.0 0.0 0.0
Lo wer ca rious teeth 0.3 0.8 2.0
T ot al cariou s teeth 0.3 0.8 2.0

Occlusal cariou s t eeth 0.0 0.0 0.2

Su rface carious teeth 0.3 0.8 1.8

Occlusal ca rious areas 0.0 0.0 0.3
Lingual ca rious a reas 0.0 0.0 0.0
B ucca l ca rio us areas 0.5 1.4 3.1

Score p er rat 0.5 1.4 3.5
SCOl·. per carious ra t 1 3.2 3.3 5.1

, Total g roup score divid ed by number of ca rio us rats in th e g ro up .

th e skimmilk powder di et s the highest in cidence and most
sever e caries r esulted from diet 635 which contain ed a ro ller ­
process skimmilk powder.

The data pertaining to the whey powder studies are shown
in table 3. On diets 667 and 661, ~ontaining commercial whey
powders, appr oximately 50% of the rats developed caries.
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Although compar ison of these two whey powder diet s is not
entire ly justified owing to the fa ct that rats f ed the two
diet s were not litter mates, severity of caries was greater on
di et 667 than on 661. Diet s 662 and 668 contained aUltocland

TAB GE 3

Car ies ex perien ce in ra ts f ed d iets con' aini ng di ff eren t dr y whey powd ers

DI ET xo . 66 7 668 66 1 66 2

\ \"H EY POWDER PRE P ARAT IOX SPRAY SPRAY l ROLLER ROL LE R 1

K o. of li tters 21 22 20 20
No. of ra t s 38 38 38 37
Days 011 experiment 88 88 90 90
I nitia l wt. ( g m ) 26.2 26.1 29.4 30.2
F ina l wt . ( gm ) ]7 9.8 ] 23.6 205.4 136.7
Av . daily gain ( g m ) 1.8 1.1 2.0 1.2

Ca ries incidence - P er cen t

Ca rious ra ts 52.6 63.2 47 .4 78.4
Occlusa l ca rious ra t s 0.0 7.9 0.0 0.0
Surface cario us rats 52.6 63.2 47.4 78.4

Caries d istribu ti on a nd severity -no. p er ra t

U ppe r ca rious teeth 0.1 0.1 0.0 0.0
Lower ca rious t eeth 1.7 1.9 1.1 2.0
T otal ca rious teet h 1.8 2.0 1.1 2.0

Occlusal ca rious t eet h 0.0 0.2 0.0 0.0
S urface ca rio us teeth 1.8 1.9 1.1 2.0

Occ lusa l ca rious areas 0.0 0.3 0.0 0.0
L ingual ca rio us areas 0.0 0.2 0.0 0.0
Bucca l carious a reas 3.2 2.8 1.8 3.6

Score per ra t 4.2 3.8 1.8 4.5
Score per ca rious ra t z 7.9 6.1 3.7 5.7

1 Autoela ved pow der.
2 T ot al g roup score di vided by numb er of ca rious ra t s in th e g roup.

whey powders, one of which apparently had its cariogenic
properti es aggravated by autoclaving (i.e., powder "B" in
diet 662) , whereas the other di et , containing autoclaved whey
powder" D" (diet 668), did not differ, as regards its eario­
genjeity, from diet 667 containing th e parent powder . Compar-
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ing diet s 667 and 668, chi-sllua re for th e difference in caries
incidence was 0.70 and Fish er 's t-valu e for uaired diff er ences
in caries scores was 0.57.

A s s l~wn Oy data in tables 2 and 3 very few rats developed
ca r ious lesions in upper teeth and most of th e lesions occurred
on buccal surfaces. Th e appearance of this typ e of smooth­
sur f ace car ies has been described in previous re ports (Me­
Clu re , '52 . McClure and Folk, '53). Occlusal -fissure car ies
wa s present to a ver y limited extent and only in rats f ed
di et s 635 and 668.

In the absence of contr olled food intakes, small differ ences
in the data for average daily gains are not significant. A
sizeable reducti on in grow th, however, seems apparent in
th e weight data for rats give n diet s 662 and 668 whi ch con­
tained autoclaved whey powder s. There is no certain explana­
tion as to th e cause of th ese g rowth failures.

DISCUSSIO X

The data presented in table 1 show that quantities of ba sic
cons t ituents of th ese diet s were gene rally quit e uniform. Var­
iations in total protein , fat, ash , calcium, ph osphorus and
fluorine were not related to caries results. All of th e diet s con­
tained approximately 33 to 35% of total suga r in th e form
of cerc lose and lactose. Analyses for total soluble lactose
(S ha rp and Dooh, '-1-1) in th e skimmilk and whev powders,
indicat e losses of lactose in whey powders du e to autoclaving.
To tal quanti ti es of lactose in th e diets , however , do not cor ­
relate with th e car ies data.

:\ri~k powd er "X " , used in diet GGG. was not heated during
th e course of its preparation and "with th e exception of 3 to
4 da ys during shipment to our lab orat ory, was st ored under
r ef'rigera tion prior to its incorporati on into diet 666. In ad ­
dition diet s 666, 633, and 635 wer e kept refrigera ted and fresh
diet was supplied to th e rats daily" to avoid det erioration du­
ring th e course "f the exper iment (McClure and Folk, '54).
Nevertheless, 6 out of 30 rats orr di et 666 developed smooth­
sur face caries . Thus it would app ear that alt hough pre-
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cautions were taken to avoid dete~iorationof the milk powders,
this diet as f ed possessed an inherent degree of cariogenicity.
Since the milk powders used in diets 666, 633 and 635 were all
from diff erent sources the possibility exis ts al so that' factors
other than heating could cont r ibute to th e incr ease in ca ries
observed with the two latter diets. In any event the results
agree with previous observations (McClure and Folk, '53)
that diet s containing th e roller-process skimmisk powders
were more cariogenic than a di et containing a spray -process
powder. Thus, while commercial heat treatment of the skim­
milk powders may not be the sole condition re sponsible fo r th e
basic cariogenicity of th ese skimmilk powder diet s, it does
appear to have a significant effect in incr easing their cario­
genicity.

On diet s in which the skimmilk fractions have been replaced
by protein-equivalent amounts of a spray -dried or roll er-dried
whey powder and unheated vitamin-free casein, the rats ex­
hibit the same general pattern of smooth-surface car ies as
tho se fed the heat-processed skimmilk powde r diet s. If it can
be assumed that it is the heat processed component of these
diet s which is largely r esponsib le for the observed caries
results, the fa ct that this car iogenic effect can apparently
be associated with the whey fraction becomes of cons ide rable
importance.

The whey powders contributed 3 to 4% of the prot ein and
all of the lactose to di et s 661, 662, 667 and 668. In previous ex­
periments, in which casein constituted the sole source of pro­
tein in th e diet, smooth-surface caries did not develop (M e­
Clure, '45), although these diets also did not contain labtose.
Th e information presently availabl e thus does not permit
further id entification of th e fa ctor or fa ctors responsible for
the car iogenicity of th ese diets.

As in the case of milk powders, hea ting pe r se mav not
be the only fa ctor contrib ut ing to the ea riogenicity of the
whey powder diet s, judging f rom th e results with di et . 668
in which autoclaving of th e spray-dr ied whey powder did not
result in an incr eas e of cmies over that found on diet 667
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which contained the same whey powder unautoclaved. In
contr as t, rats fed diet 662 containing an autoclaved roller­
process whey powder showed a far grea te r incidence and a
much iu.reas.ed ~everity of smooth-surface caries than tho se
on diet 661 which contained the same whey powder unauto­
claved. Explanation of th ese findings is complicated by the
fa ct th at th e two whey powders were obtained from different
sources as ~vell as by th e previously mentioned possibility of
wide variations in quality and processing procedures. It may
be noted that autoclaving as an additional heat treatment
likewise may be questioned as a procedure which does not dup­
licate the changes which usually result from commercial heat
processing. In this connection a statement by DeBaun an d
Connors ('54) is pertinent, i.e., that " the high heat of roller
drying may induce a diff erent mechanism of protein sugar
reaction, than prolonged storage at lower temp eratures. " It
is obvious th a t further study will be required on these as pects
of th e problem.

Thus far in our expe r ience smooth-surface caries has con­
sistent ly appeared in rats fed diet s containing processed
cereals, skimmilk powder s, and in the present experiments
with diet s in which whey powders were combined with unheat­
ed casein. Although an explana tion of th ese results obviously
calls attention to the complex chemical changes and nutrition­
al losses in protein which are brought about by heat process­
ing (Gr iswold, '51 j Melni ck and Oscr, '49 ; Patton, '50; Fair­
banks and Mit chell, '35 ; and Patton and F'lipse, '53), there is
no evidence of any correlation of th e better known of such
changes with this production of exp erimental rat caries. I n
th e presen t study th er e does not appear to he any associa­
ti on of growth results with th e dent al caries exper ience. It
would appear, however, that these findings offer a promising
basis for future exp erimentation which will he directed toward
the study of th e interacti ons of specific milk proteins and lac­
tose on heating, and th eir poss ible r elationship to this experi­
mental caries production. The fact that this typ e of smooth­
surface expe r imental car ies close ly resembles hu man smsoth-
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surface caries further justifies continued study of these diets
in animal caries experimentatidn,

CON CLUSION S

1. Rats fed diets in which the protein was supplied in rtle
form of three different skimmilk powders, developed smooth­
surface caries which occurred predominantly on lower buccal
areas.
- 2. The incidence of caries and the av erage numb er of teeth

affected, varied in a manner which paralleled th e sever ity
of the heat treatment necessary fo r the preparation of the
milk powder s. Diets containing spray-process and ro ller­
process powder s were both much more cariogenic than a
diet containing a lypholized milk powder. The most severe
cariogenicity wa s associated with th e diet containing a ro ller­
process powder.

3. 'When the milk powder diet s were modifi ed by replacing
the milk powders with a protein equivalent quantity of either
a spray-process or a ro ller-process whey powder and vitamin­
free casein, the rats developed th e same pattern of smooth­
surface caries.

4. Although auto claving th e roll er -process whey powder
appeared to enhance cariogenicity of diets containing it, this
did not pertain to th e spray-pr ocess whey powder.

5. The re su lt s obtained in th is study suppor t previo us evi­
dence that commercial heat-process ing of skimmilk powders
may be an aggravating factor of the cariogenic effects shown
by diets containing skimmilk powders.

6. The similar ity of this exper jmental rat caries to human
smooth-surface ca ries , further justifies interest in the cario­
genic potential of commercial heat-processed foods.
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THE RELATION OF AGE TO FAT
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(Receiv ed fo r publication October 18, 1954 )

Information about changes occurring in digestive and ab-
sorptive processes with progress ion of age in man is meager.
~n atrophy of the saliva ry gland s with advancing years that
is followed by a decrea se in salivary volume has been re­
ported (Meyer et al., '37). It has also been demonstrated
that gastric acidity decreases gradually with age (Polland,
'33). The concentrations of certain digestive enzymes such
as ptyalin (Meyer et al. , '37, '40), pepsin and trypsin (Meyer
et al., '40), and pancreatic lipase (N echeles et al., '42) are de­
creased in elder ly peop le. A diminution in the rate of in­
testinal absorption of galactose (Meyer et al., '43) , glucose
(Hofstatter et al., '45 ; Smith and Shock, '49) and fats
(Becker et al., '50) likewise has been shown to occur in the
aged.

Cons ide rable di sagreement exi st s regarding the mechanism
of fat absorption. Som e worker s believe that fats are com-

1 Cont ribut ion no . 7, Subproj ect 1, Th e n1l1''h tional st atu « and dietary needs
of older people of th e N or th Cent ral Regional Coope rative P roj ect NC -5, N u­
tritional statu s and d¥;ta ry need» of pop ula tion qroup«.

This manuscr ipt is published as J'ourunl pap pr J- 2578, of th c I owa Agricultural
E xp eriment Station, Am es, I owa, Proj ect 1~2 8.
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pletely hydrolyzed prior to absorption from the intestines
(Verzar and M~Dougall, '36; ~oor, '22) while others main­
tain th at a major portion of ingest ed fat s is absor bed un­
hydrolyzed (Mellanby '2'"",· Frazer '40 '43a '43~· Frazer

.I "" ,. ,

et al. , '44) .
Early workers have demonstrated tha't chylomicron par­

ticl es in th e blood are r elated to th e fat ab sorbed from the
intestines (Gage and Fish, '24; Frazer and Stew~.rt, '37, '39).
Gofman and co-workers ('51) believe that th ese particles ar e
th e Sf 40,000 f raction of the blood lipoproteins. Chemical
analyses reveal th a t this fra cti on consis ts chiefly of neutral
fat , about t re protein , small amounts of ph ospholipid, and
contains less th an 170 of the total ser um choles te rol.

At th e present time, th ere is incr ea sing interest in lipid
metabolism and it s r elation to th e etiology of atherosclerosis.
There is evidence that there ma y be a link betw een diet ary
fat or dietary choles te rol or both and th e occurrence of this
degenerative di sea se in man. Such a possibility is an im­
portant cons ide ra tion in the field of nutrition.

The present study was undertaken to investi ga te th e r e­
lation of age to the pattern of fat absorption in adult women.
Serum choles te rol "vas al so mea sured. Since both ser um
cholest erol and th e number of chy lomicro n particles in the
blood ha ve been associated with th e development of human
ather oscler osis, it seemed of inte res t to find out whether th ey
were r ela ted to one another .

EXPERI MEN T AL P ROCEDURE

The expe r imental subjects in t'le present study were~8 ap­
parently normal women ranging in age from 30 to 90 years .
There were at least 10 subjects in each decade with th e ex­
ception of the 9th in which there were only three wom en.

The standard test meal, given as breakfast during the
course of th e experiment': cons is ted of 0.5 gm oleomargarine
pe r kilo gram of body weight served on two pi eces of to ast
with a cup of black coffee- and a small gla\s of fruit juice.
A 1">lood sa mple was taken- from th e fingertip befor e th e test
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meal and at hourly int ervals thereafter for about 7 hours.
A low-fat lunch consisting o f a cup of boullion soup, two to
three soda crackers, a portion of green beans, peas or celery
and ca IT~t st r ips and a small di sh of fruit was served during
th e course of the day.

Fat absorption was studied by determinations of th e con­
cent ra tion of cliylomicrous in the blood at successive intervals
of tim e. In the present exper iment, slight modifications were
made of th e techniques r eported in the literature (F razer and
St ewart, '39; Beckel' et al. , '50; F'railing and Owen, '51).

A small free-flowing drop of blood obtained from a finger­
prick was pla ced on a covers lip (:\0. 2), which was th en in­
verted all a clean slide (1.45 to 1.6 mm th ick ) free from
scratches. A thin smea r was obtained hy pressing d O\\'1\

lightly 011 th e coverslip . Excess blood around th e edges was
wip ed off with a pi ece of lens paper. The coverslip was sealed
to th e slide with luhricating jelly. Tw o to 5 such preparations
wer e made and the chy lomicrous were counted imm ediately ,
using only tho se preparations which had a uniform distribu­
tion of chylomicrons and other blood elements within several
micro scopic fields.

The dark-field apparatus cons isted of a Bau sch and Lomb
binocular micr oscope, a parabloid condense r with an attached
dark-field lamp, a 10 X eyepiece and a 97 X (1.8 rnm) oil im­
mersion obj ective. A cardboard-net device in serted into the
eyepiece divided the micr oscopic field into 48 squares. This
device fa cilitated the counting of moving fat particles. Chylo­
microns in two to 5 micro scopic fields selecte d from the vari­
ous pscparations were counted and th e results av eraged per
micro scopic field . Satisfactory r esults can be obtained by this
method if technical difficulties in counting chylornicrons are
recognized and skill developed through practi ce. It is believed
that the present investigator became so skillful that the results
obtained are comparable within this-study.
~erum choles te rol was de te rmined hv a modification of the

Sperry and Brartd ('43) micro-method for choleste rol. Th e
modifi cation wa s primarily a r eslucti on in volume of the
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sample and reagents by a factor of 10, except for the following
changes: 0.1 ml serum sample 1\ras diluted to 10 ml and 1 ml
aliquots used in the determination . Concent rat ions of choles­
terol in the standards ranged from 0.01;; to O.O~ mg per
0.5 ml. Readings were made at 620 m u with the Beckman
spectrophotometer.

RESULTS AND DISCUSSION

The number of chylomicron particles present in th e blood
stre am following the ingesti on of fat will depend on the rate
of absorption of fat from the intestines and the rate at which
fat is being withdrawn from the blood. Factors such as the
emptying time of the stomach, th e rate of fat hydrolysis, and
possib ly the rate of chylom icron formation from neutral fats
will determine the rate of intestinal fat absorption. The factors
involved in the removal of fat from the blood stream are as
yet unknown.

Studi es in which the concentration of chylomicrons in the
blood of human adults was determined indicate that the typical
chylomicron curve reaches a peak within two to 4 hours aftel­
a fat meal and r eturns to the initial level at a fairly rapid rate
(Gage and F ish, '24; Frazer and Stewart, '37; Becker et al.,
'50).

In the present study, the chylomicron counts ro se to maxi­
mum values within one to 6 hours after th e test meal wher eupon
th ey returned to fa sting values. Figure 1 presents th e av er ­
age chylomicron counts at hourly intervals after the test meal
for women representing successive decades of life.

Fasting blood samples contained simila r numbers of .chylo­
micron particles at all decades of life. In th e younger subjects,
however, the peak number of chylomicrons wa s reached one to
thr ee hours after the standard test meal and in th e older
women after 4 to 6 hours. The r eturn to initial values wa s
ach ieved within 4 to 7 hours in most cases. In a few instances
th e determinations were not continued long enou gh to r e-attain
fasting levels, since experjments were cond ucted at a time
interval found most convenient for each subject. A highly
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significant rcla tiouship (r = 0.795) was found between age
and time req uired to reach the peak chylomicron count. The
r egression line for these two variables is shown in figure 2.
It, thcreiore, apf>ears that the pattern of fat absorption
changes with incr easing age. Since it may be assumed that
hydrolyzed fat does not contr ibute to blood chylomicrons , the
ab sorption of r elatively large amounts of neutral fat rather
than products of fat hydrolysi s occurs in older individuals.
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Becker and his co-workers ( '50) believe that either a decrease
in pancreatic lipa se or a low emulsifying pow er in the intes­
t ines may explain alterations in the fat ab sorption process in
older peop le . There is also a po ssibility that tile n!echanism
for the utilization of fat is altered wit h advancing ye a rs , so
that a delayed r emoval of fat f rom the blood st re am results.

Higher maximum numbers of chylomicrons were obtained in
old er women than in th e younger subje cts . The el'elationship
between age and peak concentration of chylornicrons wa s
highly significant (I' = 0.421) . The r egression line is shown in

y. 12.2.98+ 1.742.3.
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figure 3. If it is.assumed that smalle r numbers of chylomicrons
in th e blood st re am are desirable, the low intake of fat fre­
quently recommended for older people has a physiojogieal
basis. Furthermore, an increa sed incidence in atherosclerosis
has been associated with high fat diets by some workers (More­
ton, '47 ; Necheles, '51 ; K eys, '52).

The data next were rearranged in to groups whi ch rea ched
a peak chylomicron count- a t the same time interval after the
test meal, and the r espective chylomicr on curves drawn (fig.
4). The maximum chylomicron values for eaca group appeared
to ixcr ea se as the time required to reach th e peak increa sed.
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The av erage peak chylomicr on count for each decade, r e­
ga r dless of th e time at whi clr it occurred after th e test meal,
is given in table 1. The peak chylomicron counts showed a
ste ady i~crease 1!p to th e 7th decade follow ed by a drop in
va lu e.

A po ssible r elationship between overweight an d peak chylo­
micron count was cons ide re d in evaluating the present data.
The weight of women at age 30 wa s taken as th eir id ea l weight
(Sherman, ' 47). Statistical treatment of th e data showed no
significant r elation sh ip between per cent of id eal weight and
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th e maximum numb er of chylomicrons . R ecent findings by
Walker ('53) indicate that weight loss is associated with a sig­
nificant r eduction in cer ta ia se rum lipoprotein fractions (Sf
12-20, Sf 21-35 and Sf 35-100 ) .

Se r um cholesterol levels obtained in this study were r elated
to age. This observation agrees with previous findings from
this labora tory for a simila r population (Swanson et al. , '55) .
Table 1 summar izes th e average s~'um cholesterol concentr a­
ti ons in each decade. Incr ea sing se r um choleste rol values were
noted with advancing age up to the 7th decade, follo wed by a
dec line in later yea rs. Although a ~imilar trend wa s noted with
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the peak chylomicron counts, 'the relationship between indi­
vidual serum choles te rol levels !nd peak chylomicron counts
was significant only at the 10% level.

T A B L E 1

Averag e peak clujlomicron counts, irrespective of time -required to attain t hem,
and average serum cholest erob levels fo r each age-decade

DE CADE

30-39
40-49
50-59
60-G9
70-79
80-90

NU~[BER O}l~

SUBJ ECTS

10
12
13
10
10
3

PEAK
CH Y I;O ~UCRON COU ~TS

162 ± 26.8 '
186 ± 38.2
241 ± 63,4
283 ± 72.G
209 ± 46 .G
277 ± 52.5

S l<~RU~[ C HOLE~TEHOL

mu / 100 ml

246 ± 54.2 I

236 ± H .7
284 ± 43.G
320 ± GO.9
285 ± G1.5
275 ± 5.1

I Standard dcvi a t ion.

SUMMARY

1. The pattern of fat absorption change s with advan cing
age.

2. The maximum number of chy lomierons appearing in th e
blood after a standa rd test meal incr ea ses 'with advancing age.

3. The longer th e period required to re ach a peak count,
th e greater th e number of chylorn icro ns in th e blood at the time.

4. Concent rat ions of serum choles te rol incr ease with age
up to th e 7th decad e when a decr ease occurs. The peak chy lo­
micron count fo llowing a high fat test meal shows the same
trend, hut no sta tis tica lly significant relationship was fo und
between serum choles te rol concentrations and the peak chy lo­
micr on count . 'I'hus, serum choleste rol may not be relate d to
th e pattern of fa t absorption.
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The caries-preventive effects of fluoride ingestion during
tooth deve lopment have been widely r ecognized in man and
in experimental animals (Moulton, '46; Shaw, '54). This dem­
onstrated means to inc rease the future caries-resistance of
developing teeth is a strong argument for precision fluorida­
tion of public water supplies at optimum leve ls providing that
there are no concommitant harmful effects. On the basis of
detailed surveys among human populations where th ere has
been prolong ed consumption of waters containing low levels
of fluor ides, th ere is a lack of incriminating evidence of any
systemic tox icity, other than the formation of mottled teeth
when th e water contain ed in excess of about 2.5 ppm of
fluor ides.

Various isolated items of controversial nature from labora­
tory inve stigations exis t in the literature about the toxicity
and biological activity of the fluor ides when ingested over pro­
long ed periods. Adverse effects on hemoglobin formation,
growth and development, thyroid physiology, r eproductive
ability and longevity have been suggested as manifestation s
of the prolonged ingestion of low levels of fluorides. In view
of the potential importance of fluor idati on to human health ,
it was considered desirable to investigate th e effect of pro-

1 This invest igat ion wa s supported to a large exte nt by grants-in-aid from th e
Nutrttion Foundation, I nc., New York, N~Y.; th e Office of Naval Research ;
and th e Division of Research Grants and F cllbwships, U. S. Public H ealth Service.
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longed ingestion of minimum amo unts of fluorides by the
labor ator y rat oJ.,l the rate of growth, rate of hemoglobin for­
mation, thyroid size, bon e fluoride storage, r eproductive ab ility
and longevity.

EXPERIMENTAL

Ninety-throe weanling r ats representing 12 litt er s wer e
distributed into 8 expe r imental groups. Two stra ins of rats
were employed, H oltzman and Long-Evans. Each experimen­
tal group consist ed of 6 male rats and 5 or 6 females. The
experiment was continued for a total of 11 months. During
this time th e rats 'were fed eithe r one of two cariogenic diet s.
The rats in groups 1 through 4 r eceived a purified ration of
the type routinely used in our dental caries studies (S lm w,
'47). The rats in group s 5 through 8 received a diet which
cons is ted largely of natural food stuff s in the following per­
centages : whole wheat flour 27, yellow cornmeal 26.5, whole
milk powder 30, corn oil with added vitamins A , D, E, and K
5, crude casein with added water-soluble vitamins 9, salt mix­
ture 2, and sodium chloride 0.5. The vitamin-enriched corn
oil and casein, and the salt mixture were th e same mater ia ls
as used in th e purified ration (S haw, '47) . Various batches of
th e two diet s contained from 1.0 to 1.4 ppm of fluoride. No
attempt wa s made to obtain materia ls which contained lower
amo un ts of fluorides than those ro utinely available.

The rats in groups 1 and 5 received distilled water. 'I'hose­
in groups 2 and 6 r eceived distilled water with enough sodium
fluoride added to give a concentration of 1 ppm of fluor ide.
Sufficient sodium fluoride wa s added to the water for geroups
3 and 7 to p rovide 5 ppm of fluori de and for groups 4 and
8 to give 20 ppm of fluor ide. All rats were individually housed
in scree n-bottom cages. Food and water wer e provided ad
libitum.

Duri ng the fir st 5 exper imental months, the ra ts were
weigh ed weekly and bled every other week. The rats wer e
wrapped in gauze, and the tip of th e tail cut off. No anes­
thesia was necessary. Ea~h t ime 20 IJI of blood was with-
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drawn from the tail for hemoglobin det ermination. A stand­
ard colorimetric method was used for th e d etermination of
hemoglobin . During th e 6th and 7th experimental months,
pairs of t ats ..vere mated in each expe r imental g roup.

After 11 expe r imental months, th e animals were sac rificed,
their heads preserved for car ies eva lua tion and th e hum eri and
femora saved for fluorid e det ermination. Also th e thyroid
glands wera weighed and preserved in normal sodium hyd ­
roxide for fluoride det ermination. F luoride distillations were
done by th e method of Singer and Armstrong ('54); det er ­
ruinations of the amount of fluorid e were made colorimet r ica lly
by th e method of I ckon and Blank ('53 ).

RE SUI ,TS

The rates of growth and the .final weights were comparable
in all expe rimental g ro ups . Average weights at th e end of th e
-lth expe r imental month are given in table 1. Neit he r diet and
non e of th e levels of fluoride altered th e rate of gr owth nor th e
final weights attained .

During th e 4th and ;5th expe rimental months, several ani­
mals in each group died du e to a seve re respiratory infect ion
which reached epidemic proportions during th e hot and humid
summe r months of Augu st and September 1953. The number
of animals lost in groups 1 through 8 was 4, 4, 2, 3, 5, 3, 2, and
4 resp ectively. This death di stribution indicates that the ad­
~tion of varying amounts of fluoride had not altered th e
resistance of these rat s to withstand this type of infection.

H emoglobin values were low in all expe r imental rats a t
waanfng, av eraging 10 gm per 100 ml of blood, increasing to
12.5 gm within one week and re aching 15 gm afte r one month,
regardless of whether fluoride wa s added or not. R epea ted
values taken over th e fir st 140 days are presented in table 1.

Some depression in hemoglobin wa s obse rved during th e hot
summer months, whi ch coincided arso with the deaths of some
animals from the r espiratory infection. However, these de­
creases were universal thr ough ·all groups and were inde­
pendent of the level of ingest ed fluori de. At th e end or th e
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5th exper imental month heraoglobin determinations wer e dis­
continued as th ere was no trend toward a differ ence in an y
of the ~roups.

At this time pairs of rats were mated in each expe rimental
gr oup. At lea st two litters were born in each of the S groups
r epresenting th e different fluorid e levels. The litter s wer e of
normal size with no evidence of any increa ses in r esorptions
or still bil~hs among the fluoride groups . In addition, all of
the rats born were normal, healthy offspring which grew and
develop ed satis factori ly . They wer e sacr ificed soon af te r
weaning with no evidence of any structural abnormality.

Upon th e termination of this exper iment, th e jaws wer e
evaluated for car ious lesions ; the dental car ies exper iences of
the 8 groups are given in table 2. Highly significant reducti ons
wer e observed in th e number of ca rious molars, the numbe r
of carious lesion s and th e extent of car ious lesions in th e
two groups which received 20 ppm of fluoride in the drinking
water. No significant reductions in car ies exper ience were
observed in groups which r eceived 1 and 5 ppm of fluoride.
This is in keeping with other expe r iments wher e fluorides have
been given in the drinking water after tooth development has
been largely complet ed.

The fluoride uptake in th e skeletal sys tem wa s determined in
each group by analyses on th e femora and hum eri. Th e values
are presented in table 2. Progressive increases in fluorid e
content wer e obse rved with increa sed ingestion of fluoride.
Corngarable amounts were stored in th e bon es of rats fed th e
purified and natural diet s. These values are cons is tent with
the wealth of data availabl e in th e literature on this subject.

No weight differences in the th yroid glands were observed
'with varying fluoride intak e (table 2). Fluoride det ermina­
tions wer e don e on pool ed thyroid samples , but no fluoride
could be detected by the method used in our laboratory, as
there was less tTlan Lug of fluorifl e per three thyroid glands
(50 mg) in th e groups which received 20 ppm of fluoride.
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DISCUSSIO X

Th e above results indicate that the levels of fluoride used in
the course of tJw Ll -rnonth period of th e expe r iment did
net ad versely affect the rate of gro wth nor the fina l body
weight , th e rate ef hemoglobin formation, the thyroid size,
th e reproduct ive abili ty nor the longevity of the expe rimental
subjects . Fo r rea sons which are presently unknown, these r e­
sults d iffer somewhat f rom isolated data presented elsewhe re .

For example, Matt ( '53, '54) r eported tha t the administra­
tion of minimum am ounts of water-borne fluorides to recently
weaned rat s caus ed a temp orary decr ease in hemoglobin level
tha t was roughl y proportional to the am ount of fluoride.
The average hemoglobin levels in the rats that received 0,
1, 5, and 15 ppm wer e 15.8, 15.1, 13.6 and 13.5 gm/ 100 ml of
blood, resp ect ively, on th e 30Hl expe rimental day. The com­
parable values on the GOth day wer e 16.2, 16.1, 15.7 and 15.5 gm ,
resp ectively. Body weights wer e slightly lower in the gr oups
which r eceived 5 an d 15 ppm of fluoride in the drinking
water. No comments were made as to any possible inter ­
fer ing situa tions which migh t ha ve influenced th e results.
Likewise th e fluo ride content of th e diet was not menti oned.
At the higher levels of administration of 1 to 2 mg of sodium
fluor ide per kilogram of body weight , Ri si ('31) observ ed a re­
c1uct ioll in the number of el'yHwocytes in dogs. R edudiom;
in erythrocyte count by 1 to 3 milli on wer e noted f rom th e
~itia l level of 7 to 8 million. 'I'his rep rcsent g app roxima tely
a 15- to 30-fold incr ease in fluoride intak e over the level be­
lieved to he optimum for ~rowing childre n. Valjave e ( '32)
obscl'v cd a tendency in rabbits for the hemoglobin concen­
tration and th e ery throcyte count to decr ea se after the in­
t ravenous inj ecti on of the overwhelming dose of 50 to 60 mg
of sodium fluoride pel' kilog ra m of body weight. Only the
levels of fluoride used by Matt ('53, '54) appear to he com­
pa.,rable to tho se in the present eX I~eriment. If th e basal diet
used in Matt's studies wa s relatively high in fluorides as
is frequ ently the cas e in common brands of labor at ory chow,
the fluorid e ingestion of hi s rats may ha ve exceeded that of
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OUI' expe r imental subjects. In aw case, there is a difference
in th e hemoglobin r esults betw een the two expe riments . It
is inter esting to note that th e rats in our exp~rimental gr oups
had uniformly low hemoglobin values at th e begmnirfg of tlte
study . In the course of the first weeks, ihese values wer e
incr eased to the normal r ange independent of the fluoride con­
tent of the drinking wa ter. Thus in spite of this ini tial penal­
ty, fluorid e ingestion did not interfer e with hemogl obin for­
mation.

An inhibition of growth ha s been observed in pair-fed
rats when 313 ppm of fluorin e as sodium or calcium fiuoride
wer e added t o th e diet (:McClure and Mit chell, '31) . Sharp­
less ('36 ) obser ved that growth was unimpaired when rats
wer e fed 250 ppm of sodium fluorid e but was slowed by one­
third by th e ingestion of 1000 ppm. Since the amount of
fluorides in th e present experiment is far below these levels,
it is not sur prising that no influence upon growth wa s ob­
served.

Effects of fluoride ingestion on human reproductive abi lity
have been intimated in th e press and in pub lic forums by op­
ponents of water fluoridation but even upon the addition of
226 ppm of fluoride to th e ration Smith and Leverton ( '33)
were able to raise 4 generations of rats. The young were
smalle r at birth at this dosage level. Reproduction fail ed only
when 452 pp m of fluoride wer e added. In cont ras t, Mick ('53)
reported th at there were numerous conge nital abnormalities
in th e offspring of female rats f ed what was described in
some places as 1 ppm and in other s as 2 ppm of fluorides in
th e drinking water throughout pregnancy. No eviderTce of
any such abnormalities was observed in the present exper i­
ment when 1, 5 and 20 ppm of fluorid es were ingested in the
drinking water .

In the present expe r iment, no influence of fluorid e ingestion
was noted in th e thyroid. However, Gordonoff and Min der
('53) r eported that through incr eased fluoride intake, there
was an increased fluorine and decreased iodine uptake by the
thyroid. They pos tu lated that thi s gland could not differen-
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tiate between th ese two halogens and expressed doubts about
the advisability of water fluoridation in atreas of endemic
go iter. However, in a study in whi ch th e differences in ca r ies
incidence weue small and possibly of qu estionable significance,
Muhler and Shafer ( '54) presented evide nce which was some­
what suggestive of a supplementa ry activity hetween fluorides
and the thyroid gland with respect to dental ca r ies. They
found that rJesiccated th yroid (10 to 60 mg per day dep ending
upon the growth of th e animal) r educed the incid ence of den­
tal ca r ies to the same degree as 20 ppm of fluorid e in the
drinking wa ter. The ingestion of fluorides and desicca te d th y­
roid combine d resulted in a reduction that wa s approxima tely
th e sum of th e r eductions cause d by the two separately. They
po stulated that the caries-preventive activity of fluorides
might be partially medi ated through the thyroid by stimulat­
ing th e saliva ry flow as an end result of an in cr ea sed basal
metab oli c rate. Mention wa s not made of the possib ility that
th e two agents could have operated ind ep endently of each
other.

The rate of fatalities wa s unusually high due to the severe
r espiratory infection 'which occurred in our rat po pula t ion
during th is expe r iment. No difference in rate of fa talit ies
was ohserved between th e high and low fluoride groups . Few
fluoride expe r ime nts have been conducted fo r suffic iently long
periods to evaluate th e influence up on longevi ty . A se ries of
~)eriments with cance r -susceptible mice has been r eported
by Taylor ('54 ) in whi ch a 9 to 10% sho r te r survival pe r iod
wa s noted among th e mi ce feel 1 or 10 ppm of fluoride in the
drinkiag water. There a re two in teresting and perplexing
observations in these results . First , th e groups which re­
ceived 10 ppm had comparable survival rates to those who
receiv ed 1 ppm. Second, mice fed labora tory chow wi th a flu­
or ide con tent varying from 20 to 38 ppm had th e same sur­
viv al rate as mice fed a natural di et ~ontaining a " negligible"
amoun t of fluori dcs, This difference in results is explained in
part by th e auth~r ' s sta temen t t~at th e availability of the
fluorides presen t in laboratory chow is unknown. These com-
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ments suggest that the data reported by Taylor were not of
r eal significance or that ther e wa s a further variable that
wa s not det ected.

SUM MARY

'When fluor ide was administer ed in the drinking water to
rats as sodium fluoride at levels of 1, 5 and 20 ppm, ther e
was normal growth and reproduct ivity, no de~ression of
hemoglobin formation, no det ectable fluoride uptake by thy­
roid glands, no hyp ertrophic 'changes in the thyroid and no
decr ease in animal r esistance to a severe re spiratory infec­
tious di sea se.

Dental car ies incidence was significantly reduced when 20
ppm of fluoride wer e ingested in th e drinking water.
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NIACIN AND ANTI-NIACIN ACTIVITY OF
3-ACi]TYLPYRIDINE IN DOGS I

E . G. McD ANIEL,' J . M. H U ND LEY AND W . H . SEBRE LL

N ational Ill stitut es of H ealth, Public H ealth Service, U. S . Department
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TWO F IGURES

(Received f or publication Oct ober 21, 1954)

Woolley et al. ('38) observed symptoms of toxicity follow­
ing oral administration of 192 ~g of 3-acetylpy ridine (3-AP )
to dogs with blacktongu e, but found the compound to be non ­
toxic in normal dogs when fed at the same level. Later 'Wool­
ley ('45) repo r ted that mice fed two or more milligram s of
3-AP per day dev elop ed symptoms r esembling niacin defi­
ciency which could be prevented by niacin or ni acinamide
(NA) or by tryp tophan (Woolley, '46) . Ackermann and
Taylor ( '48) r eported inhibition of development in chick em­
bryos injected with 3-AP whi ch could be completely r ever sed
by NA and to a lesser extent by niacin and by tryptophan .
Gaebler and Beher ( '51) reported marked incr eases in uri­
ll'ft ry N'<methylnicotinamide (NMN) in both normal and
niacin-depleted dogs fo llowing or al admini stration of 0.5 gm
per day of 3-A P. N l> deleterious effects wer e observed in
the normal dogs but manifestations of blacktongue as well as
disturbances not r ever sibl e by niacin were observed in one
niacin-d ep let ed dog. After feeding Cl3-labeled 3-AP to dogs
and rats Beher et al. ('51, '52) concluded that th e analogue
was biologically oxidized to nia cin to an extent sufficient to

A p rel iuiinary report of this work has been published (McDaniel, '53 ) .
2 Th e data presented her ein wer e tak en, in part, f ro m a thesis su bmitted by E .

G: McDaniel to th e Gradu ate School of ~I e George Washill g to!r U niversi ty in
partial f ulfillment of the rcqu irr-ment s f or t~ e deg ree of Master of Sciell~.
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account for th e incre ased NMN observed following its in­
ges tion. Beher and Anthony ( ' ~ 3) r eported that betw een 20
and 30% of inject ed 3-AP could be detoxified by oxidation
to niacin, and Beher et al. ('53) found that ~anine blPod cells ,
liver and kidney were sites of detoxification.

In view of the di sagreement in th e l~era ture as to th e
niacin or anti-niacin activity ot 3':AP, th e present ser ies of
expe riments was don e to determine more clearly th e nature
of th e activity of this compound, both in normal dogs and
during the development and treatment of niacin deficiency.
Data are presented which demonstrate that the cOJll pound
does possess niacin-like activity, but that under certain con­
ditions the same compound al so produces marked effect s
re sembling the action of a niacin antagonist.

EXPERIl-IENTAI,

Male and fema le mongrel dogs of var ious ages and sizes
wer e hou sed in individual cages. \ \7"ater and food were sup­
plied ad libitum except to animals from which urine wa s to
be collected, in which case food was usually offer ed for about
two hours each day. Food consumption was recorded daily.
Animals were 'Neighed at least two times a week. Th e com­
position s of th e diets are shown in table 1. Diet 123 is a corn
diet similar to th e blacktongue-pro ducing diet s used earl ier
in th is laboratory (S ebrell et al., '37), and diet 9049 is a puri­
fied type ration similar to tha t used by Ruegamer et al. ( '48) .

'I'wenty-f'o ur-hour ur ine samples were collec ted in glass
bottles containing 10 ml of 10'1'0 sulf jir ie acid, the vo lume
measured, and a suitable aliquot stored at 4°0. until used.
The met hod for th e determination of ur inary NMN was es­
sentia lly that of Huff and P er lzweig ('47) . .

The 3-AP 3 used in these exper iments wa s prepared in this
labor atory by a procedure (Kolloff and H unter, '41) which
minimized the possib ility <.r niacin as a contaminant. Niacin
activity of samples tested was found to range from I part ~n

3 Th e hydro~Ioride of 3-AP was Ilserl th roughout th ese experiments. W lrcn
amoun js are in di cated 3-AP H'Cl is iilpliefl.



3-ACETYLPYRIDI~E AX n NI ACI N 625

400 to 1 part in 1000 as- det ermined by L . Arabinosis assay
(Snell an d \Vri~ht, '41) . 1~ an d 3-AP wer e administ er ed
subcutaneous ly in aqueous solution, or orally by cap sule as
indicated. 3-~P, when give n parenterally, was firs t neutral­
izeed with sodium bicarbonate.

TA!3LE 1

Composition of di ets

Dl Jo; T
COXSTITUEXTS

YelTow corn mea l
Cow peas
Casein ( Vi ta min-f ree )
Suc rose
Cot tonsee d oil (Wesson)
Cod liv er oil
Salt s (Osborne and Mend el ) '

123 I , '

0/0
66.1

8.3
10.0

5.3
5.0
1.7
3.6

U049 "

18.0
67.0
11.0

4.0

1 To prepare di et 123, th e corn meal, cow peas and salt s were mix ed with water
and cooked in a double boiler 11 hours. The casein, sucrose, cot ton seed oil and cod
liver oil wer e th en st ir red in with sufficient wa ter to mak e a cooked weight of
400 gm per 100 gm of above ingredients.

' Du ring th e initial ph ase of this study symptoms of acute riboflavin deficiency
wer e observed in one dog on diet 123. Riboflavin was th en given to dogs on this
di et as an oral supplement at a level of 0.1 mg per kil og ram of body weig ht per
day, or by incorp oration into the diet a t a level of 0.4 mg %.

3 Dogs on di et 9049 were given, in gela ti n caps ules, a vita min supplement whic h
supplied th e equivalent of 0.1 mg eac h .of thiamine hydrochloride and rib oflavin,
and 0.6, 0.5 and 25 mg respect ively of pyridoxin e hydrochl oride, ca lcium panto­
thena te and choline chlori de pe r ki logram of body weight per day, and 500 l.U.
vl't am in D and 2500 l.U. vitamin A per day.

4 Wesson modification of Osborne a nd Mend el sa lts was used dur ing pa rt of the
expe riments .

RESULTS

E ffe ct of 3-A P upon urinary NMN

'I' he quantitative r ela tionshi p of 3-AP to niacin III normal
dog s was explore d by compar inggNsiN excretion of 8 dog s
fE?tl a commerc ial stock ration with and without kn own
amount s of 3- l~P and NA as i n~icated in table 2.0 I ncreases
were observed fo llowing the ad ministration of eithe r 3-AP
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TA~E 2

A verag e inc reases in daily urinary N'-7Ieethylnicotinamidli (NMN ) f ollowing
administration ~f niacinam ide (NA ) and S-acety lpyridine (S-AP) t o

norm al stoc k-fe d dogs'

B. CRllASll 1 N
I N CREASES I N DAIL Y URINARY NMX XMN p~

DOG N O. :SOR~lAL 100 }<G OF
After 100 mg NA After 13<'mg S·AP

KA 3-AP

m il mil m il m g m y

72 10.7 65.8 (oral ) 27.9 (s ube ut . ) 55 13
73 10.9 89.5 (subcut .) 28.1 (oral ) 79 13
74 10.9 24.0 (sub cut. ) 10
75 15.5 56.8 (o ral 50 mg ) ' 31.5 (subcut. ) 83 12
76 13,4 96.6 (s ubcut . ) 16.8 (o ral 65 mg )' 8~ 5
tt 11.3 26.2 (s ubc ut .) 11
81 7.4 9.0 (subcut. 30 mg )' 5

117 2.7 4.7 (s ubcut. 30 rug ) ' 7

'.l'he ",t ock il.iet \lBed iu thc\;1;. I;.xpcr im e.1\tB W \l.\1 Purina Dog Chow.
'Each normal va lue represents th e average of a t least 10 dail~ de termina t ions

without administration of NA or 3-AP. Each experimen tal va lue represents th e
averag e of th ree or more separate t ests. To avo id an accumula t ive effect a t least
one day wi thout supplementation was allowe d, aft er each t est dose, duri ng which
th e metabolite excre t ion returned to within the normal range.

Of th e 4 dogs whi ch received both NA and 3-AP, tw o received the N A p ri or to th e
3-AP. The other two dogs received the 3-AP first.

2 Smaller amounts administe red to dogs 75 and 76 in oral tests, and to dog s 81
and 117.

or NA . On the basis of th ese incr eases it was estima ted that
in normal dogs an average of 8 mg (6 to 15 mg ) of 3-AP are
equivalent to 1 mg NA, or an activity of 1/6 on a molal' ba sis.

A comparison was made of ur inary NMN following ad ­
ministration of .3-AP and NA in niacin-deficient dogs (with
and without blacktongue}.' Two dogs (jig. 1), having r eceived
th e niacin-defici ent corn diet for over 600 days but without
signs of blacktongue at the time of th e test , and two dogs
(fig. 2) whi ch had develop ed marked blaektongue on the puri­
fied diet wer e treated subcutaneously with 3-AP and NA as

• The symp toms acco mpany ing th e developm ent of blacktongu e as observed ill
t hese exp eriments in cluded some or all of the fo llowing: Formation of red band­
like lesi ons on t he mucos a of the upper li p ; diffuse reddening of th e th roat, cheeks ,
floor of th e mouth, and margins of t he to ngue; pseudomemb ra ne fo rmation on
lips and cheeft ; di arrhea ; anorex ia , excessive sa livation; !>resclIcc of a cna ruc ­
teristi. f oul odo r in th e mouth; weight loss.
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F ig . 1 Urinary N '-methy lnicotinamide (N~IN ) during administration of ni a ­
cinam ide ( NA ) an d 3-acet ylpyr idine (3-AP ) to niacin -deficien t dogs without
black tongue.
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I -ig. 2 Urinary N~ethylnicotinamide ( m I N ) during successf~ t rea tment of
blacktongue with ni cotinamide (N A ) and 3-1jJ)etylp yridine (3-AP ) .
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indicated. Only-the administration of NA resulted in a marked
incr ease in Nl\IN. The symptoms of bla ckt ongue di sappeared
following treatment with 3-AP or NA. During subse quent
attacks of blacktongu e in the two dog s fed tha pusified diet
(fig. 2) tre atment with 60 or 120 mg daily aga in failed to cause
any marked in cr ea se in N1fN. T he larger dose of 3-AP did
not incr ease urinary Nl\IN det ectably more than 60 mg. 'I'hese
r esult s are in marked contras t to t1w NMN excr gtion follow­
ing similar doses of 3-AP 'when these dog s wer e on a normal
diet (table 2). Ur inary N:MN was followed on two addit ional
dogs fed the purified diet du ring treatment of blaektongue
with 3-AP. One was treated subcutaneous ly with 30 mg of
3-AP per day for 18 days, and although the blacktongue wa s
cured th er e wa s no significant increase in the level of NMN
excre ted. Th e urinary NMN for the other dog incr ea sed from
a pretreatment level of 0.2 mg per day to 0.44mg per day
following treatment with 30 mg of :3-AP dai ly for 26 days,
then gradually to above 4.0 mg per day after the daily in jec­
tion of 3-AP had been increa sed to 60 mg. This was th e only
instan ce in 6 tests with 3-AP in niacin-deficien t dogs where
a substantial incr ea se in urinary Nl\IN was observed. A s
shown in table 2, administration of 3-AP to 8 normal dogs
led to substantial incr ea ses in N?lfN in every instance.

The above results indicated that although the normal dog
was abl e to conver t 3-AP to niacin (6 units of 3-AP ~ 1 unit
of NA) the ab ili ty of the niacin-deficien t dog to make thi s
conversion appeared to be gre atly decr ea sed. As a further
check on this po int urinary NMN " lU S followed in 6 dogs
(l itter mates) from the tim e of star ting th e deficient diets.
Three dogs r eceived the corn diet and three the purified diet.
One dog on each diet was given dail y a subcutaneous in jec­
tion of 60 mg of 3-AP. NMN excretion, ini tially 11 to 16 mg
per day, declin ed rapidly in all dogs. In dogs which received
3-AP th is decrea se was l~ s s rapid, becoming r elatively con­
stant at 3 to 4 mg per day in 40 to 60 days. Dogs 'receivhg
the un sup" lemellted purified diet r eached a ~evel of approxi­
mately 0.5 mg per day in 3f) days, wher ea s dogs r eceiving the



3-ACETYLPYRIDINE AND N IACIN 629

unsu pplemented corn diet stabilized at about- Lu mg per day
at 40 days. (The corn diet contained 1.76 mg of niacin per
100 gm whereas th e purified diet was virtually fr ee of the
vi tamin.~ Al th ough during th e earl y part of th e expe r iment
the NMN values fo r the 3-AP-supplemented dogs were con­
sider ably higher than for the un supplemen ted dogs, the levels
gradua lly decr ea sed un til ab ou t 280 days when th e NMN
values for i upplemented and un supplemented dogs were not
significantly differen t (about 0.3 mg per da y) . These r esults
sugges ted that dogs may lose their abilit y to conver t 3-AP
to niacio as th ey subsis t for long periods on th e deficient
diets.

Blacki onque prevention wi th 3-AP

Seven dogs were fed the corn diet of whi ch 6 r eceived oral
supplements of 260 mg and ona r eceived subcutaneous injec­
tio ns of 60 mg of 3-AP daily. Of th e 6 dogs receiving 260 mg
per da y, two displayed symptoms of toxicity and di ed within
41 days. One showed somewhat less marked toxic symptoms
whi ch di sappeared when 3-AP wa s discontinued after 51 days;
bla ektongue developed 119 days later. Th e three remaining
dogs r eceiving 260 mg of 3-AP per day showed no symptoms
of toxicit y and failed to develop blacktongu e wi th in one year.
3-AP wa s then discontinu ed for one dog and bla cktongue
developed in 139 da ys. In the second dog 3-AP wa s r educed
to 25 mg per day for 131 days withou t blacktongu e, but the
djs ea ee did develop 17 days afte r th e drug wa s r educed to
0.2 mg per killo gram of body weight per day. The third dog
failed to develop blacktongu e even though the 3-AP wa s
reduced to 25 mg per day for 132 days, th en to 0.2 mg per
kil ogram of body weigh t par day for 125 days, and finally
discontinued completely for an additional 65 days. The dog
receiving 60 mg of 3-AP per da y wa s maintained fo r 467
days wi thout sym ptoms of toxicity or deficiency, then de­
veloped .blacktongue between 4 an~ 10 da ys after 3-AP was
discontinued .

,'We are indeb ted to Mr. H oward Bakeri w n of this Tnsti t uto for the niaein

assays.
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The r esults obtaine d in these preventive experiments with
the corn diet were not conclu sive since one dog did not develop
blackton gue after the 3-AP was di scontinued, and two of
three additional un supplemented control dogs t)n tlflis same
diet behaved unexpectedly -in that bla ckt ongue did not de­
velop in th e usual time. One of th ese un supplejnentetl dogs
did develop -blacktongus in 287 days, but only after an oral
supplement of 0.5 grn of indole had been given f~ 78 days."
The other dog did not develop blacktongu e unt il the 543rd
day." The third contr ol dog develop ed blacktongue in 93 days.
In spite of this limitati on the results suggested a preventive
action of 3-AP, in that 4 of th e dogs which had r eceived pre­
ventive doses of the drug did develop blacktongue after th e
3-AP was di scontinued or reduced to a low level.

To evaluate more accurately any blacktongu e-preventive
action of 3-AP, the drug was test ed on dogs fed th e purified
diet with which blacktongue was routinely produced in short
periods. Ten dog s were fed the purified diet of which 6 re ­
ceived neith er NA nor 3-AP and developed blacktongue in
an av erage of 53 days (29 to 74 days). Th ree dogs were fed
260 mg of 3-AP per da y of which two fa iled to tolerate th e
drug. One died in 9 days, the oth er lost weight rapidly and
the 3-AP wa s di scontinued after 60 da ys. Blacktongu e de­
veloped in the lat ter dog 18 days after the 3-AP was stopped.
Th e third dog showed no evidence of toxi city and failed to
develop blacktongue in 138 days when denth occurred because
of ma ssive intra-abdominal hemorrhage. One dog on the puri­
fi ed diet r eceived 60 mg of 3-AP subcuta neously per day for
467 day s without blacktongue, th~n developed the disease 29
days after the 3-AP wa s discontinued. Another dog (one of

• Indole seems to have the prop erty of precipitating attacks of blac ktongu e
(Sehrell and H undlcy, '48; McDan iel, un published results ) .

7 Thc diet of th is dog was changed f rom the cooked to th e un cooked form on
t he 260th day. Unpublis hed resuljs f rom this lab or a tory indicate that t he un ­
cooked di et has a grea ter ca pacity to produce bl acktongu e tha n th e cooked f dl'm.
Also th e supplementa ry ri boflav in was di scontinued after th e 467th day alt hough
there is no as surance th a t this had any effect on th e event ua l developm ent of
bl nckt jmgue.
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the 6 controls), which had developed bla&tongue on th e
•purified diet, was treated with 30 mg of 3-.A.P subcutaneously

for 26 days and thereafter with 60 mg daily for 272 days
without ~lacktongue. The disease did develop 35 days after
3-AP was stopped.

Treatment 0.' blacktonaue with 8-.1 P
One dog on th e corn diet which develop ed blacktongu e when

the daily dose of 3-AP was reduced to 0.2 mg per kilogram
body weight, was treated with 25 mg of 3-AP da ily by mouth.
All symptoms of blacktongue disappeared in 11 days. This
same dog was allow ed to develop a second attack of black­
tongue. Again, an oral supplement of 25 mg of 3-AP daily
resulted in a cure in 12 days (although toxic effec ts termi­
nating in death developed). A second dog in which bla ck­
tongue had developed after 93 days on th e corn diet, was
cured with 25 mg of 3-AP per day orally for 12 days. A second
attack of blacktongue develop ed 8 days after the 3-AP wa s
stopped and this attack wa s also cured with similar treat­
ment for 11 days. This is the only instance in which two
consecutive attacks of blacktongue have been cured with 3-AP
without th e appearance of toxic symptoms .

Six dogs on th e purified diet were allow ed to develop bla ck­
tongue for treatment with 3-AP. Of 4 dogs treated subcu­
taneously with 30 mg of 3-AP per da y, ona died within 24
hours after th e first injection, and in the remaining three
dogs th e symptoms of blacktongue were cure d in 4 to 8 days.
Two dog s wer e treated subcutaneously with 60 mg of 3-AP
per day. Blacktongu e was cure d in 6 da ys in one dog, the
other show ed definite improvement in the bla cktongu e lesions,
but dev eloped anorexia, lost weight rapidly and died after
9 days of treatment. Th e fir st of .hese two was treated wi th
120 mg ~f 3-AP per day during a second attack of blackton gu e
and in spite of some improvement in th e bla cktrfhgue, toxic
symptoms developed which end ed in death.
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The above r es"rtlt s indica te that 3-A-P can cure blacktongu e
when give n in moder a te amounts. In 11 attempts wit h 25 to
60 mg of 3-AP per day complete cure of the symptoms of th e
di sea se was observed in 8 cases, some improvement " lfl S note d
in two cases, and one animal di ed after th e fir st injection.
Toxic sym ptoms were observed in some of th~ dogs even
though blacktongu e wa s cured. In 4 attempts to treat tw o
consecu tive a ttacks of bla cktongu e with 3-AP, olily one at­
tempt ha s been accompli shed without th e development of toxi c
symptoms which terminated in death during th e second trea t­
ment.

T oxicity of 3-A P

A marked difference was noted In the toxicity of 3-A P
between dogs whi ch were deficien t in niacin and those wh ich
were not. Dogs on the stock di et tolera ted 260 to 520 mg of
3-AP (oral) for three to 5 da ys with no evidence of toxicity.
Dogs on the niacin-deficient di ets bu t r ela tively well nour ishe d
with resp ect to niacin could tolerate daily doses of 60 to 120
mg of 3-AP over long periods without evidence of toxicity.
Daily doses of 260 mg wer e t olerated by abo ut half of the
dogs for periods of 138 days to more tha n a year without
toxicity whereas th e remainder received the drug fo r 9 to 51
clays before dea th or marked toxic symptoms forced a di s­
continuat ion of the tests.

'I'hese r esults are in st r iking contra st to tha t in dogs wi tJ1
or without bla ck ton gu o whi ch were obviously deficient in
niacin. On th e corn di et, two dogs whi ch had previo usly
to lerated doses of 260 mg of 3-AP ror 51 and 364 days, respec­
tively, di ed wi thin 5 hours after sing le oral doses of 260 mg
of 3-AP given as treatment for mild blacktongu e. One dog
which had r eceived previously 260 mg of 3-AP daily for more
than one year, wa s cure d of blacktongu e with 25 mg of 3-AP
daily (oral) without evidence of toxici ty; however. during
the next a tt ack of blacktongue th is dog developed marked
toxic syml5roms although tfle bla cktongue "'as cure d with
the same dose of the drugt An other dog on the corn diet
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with marked blacktongrle di ed within 24 ho11!'s aft er a single
in jection of 30 mg of 3-AP. 'With th e purified di et 9 a ttacks
of niacin deficiency were treated with 30 to 120 mg of 3-AP
daily. ']Ilu e@dogs were cured of blacktongu e wi thout toxicity
(all fir st episo des of bla cktongue), one di ed within 24 hours
after the fis st inj ection ill 3~ mg, the r emaining 5 developed
marked symptoms of toxicity r esulting in death in each in­
stance.

There was also a marked difference in th e toxicity symp­
toms observed. Dogs not suffer ing from ni acin deficiency
showed' only gradually developing anorexia , weight loss and
some times early death. On the other hand dogs with defini te
niacin deficiency exhibite d marked sym ptoms such as paraly­
sis of the tongue, eyelids and legs '(most marked in hind legs ) ,
tremors, weakness, nervousn ess, excessive salivation, thick
ropy secr et ion from th e eye s, anor exia and weigh t loss. I n
all ca ses after th ese tox ic symptoms developed , the condition
appeared to be irrever sible and terminated in death, even
when th e drug wa s stopped and la rge do ses of NA were given.

Pr eventi on of toxicity 1V1:th niacinamide

One test was made to det ermine wh ether NA could pr even t
the toxic effec ts of 3-AP in deficient dogs. Two dogs on the
purified diet , judged to be about equally deficient in ni acin,
,~re u sed. Both were given 100 mg of 3-A~ subcutaneous ly
th e fir st day, th en 200 mg on each of th e subse quent days.
One ~f th ese r eceiv ed 100 Xlg of NA intravenously just pr ior
to each of 7 daily injecti ons of 3-AP. No symptoms of toxicity
appeared, the blacktongu e lesions di sappeared, appe tite and
body weight improved and th e animal appeared normal. The
second dog developed marked toxic symptoms after the sec­
ond do se of 3-AP and di ed in 7 liays despite discon tinuance
or 3-AP after 5 in jections and th e subcu tane ous admi ni stra­
tion of 100 mg of niacin amide do ily beginning ttt'e da y after
toxi c symptoms app eared.
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DISCUSSION

It is clear that 3-AP can serve to replace dietary niacin
as shown by the facts that administration of the compound
leads to th e urinary excretion of increased amounts ~f NJ\IN
and that it can prevent and cure blacktongus and other sym p­
tom s of niacin deficiency in doga, ~urthermore, Beher et al.
('52, '53) ha~e proved the conversion of 3-AP to NMN using
CI3-labeled 3-AP. The niacin-deficient dog appeaes to have
a lesser capacity to transform 3-AP into NA as shown by
the fact that normal dogs tolerate doses of 3-AP which are
highly toxic to niacin-deficient animals. Furthermor-e, defi­
cient dogs given 3-AP show little or no increase in urinary
NMN whereas normal dogs given the same dose s excre te
large amounts. A part of this failure to excr ete NMN may
be due to the necessity to replete th e stores of niacin in th e
ti ssues. This can hardly be th e entir e explanation however.
Beher and Anthony ('53) estimate that dogs can conver t
20 to 30ro of 3-AP to niacin. Our results indicate a con­
version in normal dog s of about 17% based on urinary NMN
alone and making no allowance for other metabolites of niacin
which are formed (a s shown by Beher and Anthony, '53 ; and
Rosen, '51). Since doses of 4 to 8 mg of NA produced defi­
nite increases in urinary NMN in deficient dogs whereas
doses of 30 to 120 mg of 3-AP failed to do so (with one ex­
ception ), a diminished power of conversion in deficient dogs
seems indicated. Beher et al. ( '53) have preliminary evidenge
that Coenzymes I and II may actually be involved in th e
process by which 3-AP is converted to niacin.

These facts may explain th e increased toxicity of 3-AP in
niacin-deficient dogs. Kaplan and Ciotti ('5~) have shown
that 3-AP can be exchanged for NA in Coenzyme I (DPN)
by pig brain DPNase and that the re sultant 3-AP DPN ha s
much r educed enzymatic activity: Furthermore, by inj ecting
3-AP into mice they obtainsd evidence of 3-AP DPN in mouse
brain. Thus, 'it is logical that th e niacin-depleted dog with
diminished ~issue stor es of DPN and TPN would be much
more susceptible to 3-AP sihce it could ill afford to have any
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of it s niacin-containing coenzymes converte~nto "inactive"
3-AP forms and at the same tim e have a diminish ed capacity
to conver t 3-AP to NA to repleni sh its stocks of DPN and
'rPN. ~his double effect may explain the apparently irre­
versible na ture of 3-AP toxicity observed in some of our
dogs. These facts indicate that the 3-AP molecule is an anti­
metabolite of niacin.

Thus, it seems that 3-AP is an unique compound in tha t
it has a dual role in niacin metabolism being a precur sor of
niacin on one hand and an antagonist on th e other. Animals
appar eptly hav e a cer tain capacity to transform 3-AP into
niacin. When this capacity is exceeded, toxicity (antago nism )
r esults. Whether all of it s toxicity is due to its an ti-m etabolite
function is not entire ly clear. The fact that toxicity wa s
complete ly prevented in one niacin-deficient dog pretreated
with NA and the much greater tolerance of normal dogs for
3-AP suggests th at the toxicity is du e primarily to its anti ­
metabolite function.

It is of some interest that this dual niacin, anti-niacin
action of 3-AP is not confined to the dog. Experiments in
this laboratory have shown a similar situation in rats (Hund­
ley, '52). In niacin-deficient rats 65 mg % of 3-AP in th e
diet had approximately the same curative activity as 2 mg !fa
of niacin . A single dose of 2.5 mg of 3-AP was an approxi­
mate LD 50 fo r 50 to 80 gm niacin-deficient r a ts whereas
normal r ats of similar size toler a ted this and larger doses
wlth no toxicity. Toxicity could be preven ted complete ly
with NA but no t with niacin . To xicity symptoms in r ats
wer e very similar to the marked toxi city symptoms described
in deficient do&s.

H andler and Feathe rstone ('43) r eported that anima ls car ­
ri ed thr ough bla ckt ongu e with sa line and into mor e advanced
sta tes of niacin deficiency displayed anemia as a prominent
finding . In our experiments hemajocrit, hemoglobin, erythr o­
cY't-e and: leucocyte determin ations wer e made fl'equently. No
abnorma lities oeher than mild an emia were enoountered in
niac in-deficient dogs. If one r egards th e 3-AP tox icitw syn-
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drome as a very severe niacin deficiency, it is of in ter est that
no abnormal blood findin gs other than that ordinarily found
in blacktongue were encounte re d in 3-AP-toxic animals.

SU M::>IA RY

3-AP ha s been shown to have both niacin an a anti-niacin
activi ty . It is abo ut 1/6 as active as NA in incr easing urinary
excre tion of NUN in norm al dogs fed a stock di~t. Twe nty­
five to 260 mg of 3-AP daily pro tec ted dogs against black ­
tongue over long per iods. Daily doses of 25 to 60 mg of 3-AP
'wer e sufficient to cure blackto ngue.

Niacin-deficient dogs appeared to have a diminished ca­
pacity to convert 3-AP to niac in as shown by urinary NMN
excre tion studies an d by the fa ct that doses of 25 to 260 mg
of 3-AP were highly toxic i1'l. deficient dogs bat r elatively
well tolerated by normal dogs. NA prevented 3-AP tox icity
but wa s ineffectiv e once the toxic syndr ome had develop ed.

Th e data suggest tha t animals have a limited capacity to
transform 3-AP to niacin. When th e dosage of 3-AP exceeds
thi s capacity, th e 3-AP molecule acts as a specific antagonist
to niacin.
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Reproductive disturbances have been reported to occur in
sheep and in rabbits f ed the soybe an plant as a la rge part
of the diet (Hunt, '35; K endall et al., '50 ; Matrone, '52).
That these r eproductive di sturbances might have been caused
in part by tho presence of an est rogenic-like substance can be
inferred from data in the literature. The evidence is as fol­
lows: fir st, these reproductive disturbances are simila r to
those reported to occur in shee p gr azing on th e es trogenically
active subte r ranean clover pastures in Australia (Bennetts
and Underwood, '49; Unde rwood and Shier , '51); and sec­
ond, the compound, geniste in (4' 5, 7-trihyd roxyi soflavone},
responsible for th e estrogenic activity of subterranean clover
(Bradbury and Whita, '51) al s"" is presen t in soy bea n oil
meal as th e glucoside of genis te in, gcnis tin (Walz, '31;
\Valter, '41).

Injections of genist in have shown it to be es t rogenically
active (Cheng et al. , '53). By means of th e mou se ut erine
weight assay, Car te r and ~ssociat es ( '53) have shown that
commerc ial soybean oil meal al so is es trogenically active but
that commer cial soybean oil meal r esidue from whi ch genis tin
ha s been extracted is in active. The present r epor t, a part of

1 Publis hed with the ap proval of th e Director of Research ns Paper no. 600 of
the J ournal Series. Th e data were tak en from a th esis sub mit te d by t he senior
a utho r in partial ful~llment of the requ ire nsent s fo r th e Mast er rI! Sci enc e degree.

'Supported in part by Tennessee Vn llej; Au thority, K noxvill e, TenJll('ssee.
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an investigatio~of fa ctors in t he soyb ean plant that affect
rep roduct ion, deal s with the diet~·y effect of seybean-genistin
on the rep roduction of the mouse.

E X P OOIMENTAL

The di etary va riables studied were soybean oil meal and
the gcnistin extracted f rom commercia l soybean oil meal.
The di et s formulated for this purpose are shown in table 1.

TAl'I,E 1

I ng red ients of t est di et s f ed m ice du r ing growth alld l'Cllroduct ioJl

CONSTI TUE NTS

Commercia l soybean oil mea l
E xt ract ed soybean oil mcal I

Glucose ' 3

W esson oil "
Miner al mix '
Gcnisti n 1

A ~[OUNT PE R KILO GRAM OF DIE T

D iet I D iet II Di et II I

gm (fin gm

800 .0
" 00.0 800.0
100.0 98.0 100.0

60.0 60.0 60.0
40.0 40.0 40.0

2.0

1 Commercia l soybea n oil mea l ext racted with hot meth an ol.
2" Cerelose," Corn P rodu ct s Refining Company, New York, N. Y.
3 Watcr soluble vitamins and methion in e added repl aced an equal weight of

g lucose.
• Wesson Oil and Snowdrift Sal es Compa ny, New Orlean s, La .
' Oleum percomorph um and alpha-tocophe rol were d issolved in W esson oil.
e \Vesson 's modifi cation of th e Osl'lrn e and Mendel salt mixture.
1 Genis t in isola ted f rom commercia l soybean oil meal.

Diet I wa s cons ide red as the cont rol ~ince it was made up
chiefly of soybean oil meal from whi ch genis tin had been
ext racted by Waltcrs method (Walter , '41). Meal thus ex­
tracted has been shown to be es t rogenically inactive (Car te r
et al., '53 ). Di et II consis te d of the same cons tituents as
diet I except that genistin had been added to represent 0.2%
of the diet. Diet III was liade up chiefly of commercial soy­
bean oil meal containing approxima tely 0.170 genistin ( \V~ l ­

tel', '41) . V.itamins were added to provide, j et' kilogram of
diet : 0.02 mg B l ~ ' 0.2 mg biotin, 1 mg folic acid, 5 mg thiam ine,
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5 mg pyridoxine, 6 mg ~lpha-tocopherol ac~t~te , 10 mg ribo­
flavin, 10 mg nicotinic atId, 10 mg 2-methyl-1,4-naphtho­
qu inone, 30 mg Ca-pantothenate, 1 gm para-aminobenzoic
acid , 1 gpl inositol, 1.5 gm choline chloride, and 24 drops of
oleum percomorphum. The vitamins added to the di et s were
esse ntia lly the same as tho se added to synthe tic diet s for
normal reproduction and lactation in the mouse. (Fenton and
Cowgill , '~ ), except fOl·the addition of vi tamin Bl~ and the
subst itution of oleum percomorphum for cod liver oil con­
cent rate. In addition 6 gm of ,:r..-methionine per kilogram of
diet w~s added as a safety measure since soybeans a re low
in this amino acid. The sa lt mixture used was that devi sed
by \Vesson ('32 ).

The experiment, involving a t(4tal of 108 female Swi ss al­
bino mice, was a randomized block design in which the fe­
male mice wer e assigned to blocks on the basis of uniformity
in weight. A block consisted of three cages to which the three
exper iment al di et s were assign ed at random. E ach cage
hou sed three female mice.

In an effor t to in cr ease th e probability of revealin g any
possibl e effect of di etary geni stin and soybea n oil meal on
reproductio n, f emale mice were placed on the exper imental
di et s as soon as they wer e weaned, at approximately three
weeks of age." Observations on weight gain, feed in take, and
time of vagina l opening wer e m¥e over a period of 4 weeks,
preliminary to th e r eproduction study . Since the time of the
vag inal opening is indicative of estrogenic activity (Emmons,
'50) , this cr ite r ion was used as an index of th e estrogenic
ac tivity of th e diets.

The males used for breeding wer e raised on Purina Lab­
oratory Chow. F'ollowing the gro wth study with the females,
one male was assigned at random to each cage of females
and lef t th er e for one 21-dffIJ period. The cr ite r ia for repr o-

i Mice were f urnished b y M. P . Bailey of t he North Carolina State Laboratory

of H yg ien e. S ince no birth dates a re kept at the State L aborator y of Hygiene,
t he mice a re weanl!! acco rding t o weighj, The weigh t s of tfe mice selected

for th is study rn ugcd from 9.4 to 12.1 gil,
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duction were th~.number ef yottng bun alive per female on
each diet, the number of litters dropped, and the number of
young per litter.

RESULTS ltND DISCUSSION

The average number of days from the time the females
were placed on the experimental diets until the vaginas
opened was: Diet I (control) 16.3; d~et II (genisti~) 6.4; diet
III (commercial soybean oil, meal) 5.9. An analysis of these
data indicated that the differe~e in days required for vaginal
opening was significantly higher (P L. 0.01) for the mice fed
diet I as compared to those fed diets II and III. A further
evaluation of the estrogenic activity of the diets can be ob­
tained by comparing the a~e at which vaginal openings oc­
curred with the normal age of 35 days reported in the litera­
ture (Snell, '41). Since the mice in this experiment were
approximately 21 days old when they were started on the
diets, it is apparent that diet I is an adequate control because
the vaginal opening of the mice on this diet occurred at a
normal age. The mice on diets II and III, however, were less
than 35 days old at the time of vaginal opening thus demon­
strating the estrogenic activity of these diets.

The average food intake and weight gain, respectively, in
grams per cage for the first 4-week period of the experiment
were as follows: diet I, 25i\ 21.7; diet II, 256, 21.5; and diet
III,' 252, 21.2. An analysis of these data indicated no sig­
nificant differences in either weight gains or food intaIte.
The possibility remains, however, that genistin may have
either beneficial or detrimental effects on growth uuder dif­
ferent conditions or at other levels,

The group average of the number of young born (per fe­
male on each diet), percentage of females dropping litters,
average number of young per litter, and average weight per
litter are presented in tasle 2. The group average of the
number of young born for the control diet (diet I) was 4.9 atl.d
for the genistin diet (diet II), 3.2. A stajistieal analysis
of thssa data indicated that the difference was significant
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(P ~ 0.05) . On th e pe r li t tgr hasis, the avtJ:age fo r the mice
on diet I (contro l ) was 6.0, diet II (genistin ) 5.4, diet III
(commerc ial soybean oil meal) 5.8. Although the va lue fo r
the genjstin-diet was lower than th at of the other two diets,
the differ ence w~ not significant, and all of th e values were
within th e average ran gu of. 5 to 6 young per li t ter repor ted
by Snell ('41). However, only 590/0 of th e females fed diet
II bore a . itter , wher eas 82% of the females fed diet I , and
77% of the females fed diet III bore lit ters. These data in -

TABLE 2

Summary of data from reprod uct ion s i llily

DIET I 1 DI ET II 1
DI ET 111 2

CRI TE RIA ( con t r ol ) ( ge n is l in) (comme rc ial soy-
bean oil m eal )

Total no. of f ema les 33 34 35
Group avera ge of young

born per f emale 4.9 :\.2 4.5
P ercen tage of f emal es

dropping Jitters 82 59 II
Av , no. young per litter 6.0 5.4 5.8
Av, wt, per Jitter, gm 8.5 7.9 8.1

1 Of 36 animal s placed on diet one died during reproduct ion st udy, th e remain der
died duri ng t he growth study.

' One animal di ed (luring reproduction st udy .

d~cate that the effect of genistin in the diet was on th e number
of litters dropped rather th an on th e number of young per
litter.

Although th e percentage of females bearing a litter was
lower for th e ~oup on th e soybean oil mean diet th an either
th e re por ted normal for mice of 80 to 90% (Snell, '41), or
the group of mice on the contr ol di et, th e differ ence was not
marked enough to be cons ldered significan t. It is poss ible
that the .failure of the soybean oil fueal diet (d iet III ) to give
the same results as the genistin diet (diet II ) was due to th e
fact that di et tt contained mora genistin than did diet III.
This point deserves furthe r invest iga tion. particula rly in
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view of the fa ct t'ha t soybean oil ~near per se ha s been shown
to be csf.rogcnicalsy act ive (Carter et al., '53) .

Clinical symptoms, such as dystocia, stillbirths and fe tal
resorption, which have bee, reported to occur in ~lCep on
the es t rogenically active subterranean clo-ser pa stures (Un­
der wood, '52) and in rabbit s on M y\)ean ha y (Kendall et. al.,
'50 ) 'were no·t obse rve d in this sh~ly with mice. Tb e fact
that th e main effec t of genist in was on the numbef of litter s
born and not on the size of tIle litter is further evidence that
neither r esorption nor intra~erine deaths occur red. Since
a histological study of uteri , ovaries or other reproduct ive
glands was not made, the r eproductive disturbances cannot
be attributed to th e effect of genis tin on an y specific gla nd
or tissue.

Since the males r eceived th e test diet s during th e 21-da y
pe r iod they wer e hou sed with the fema les, th e possibilit y
exists that the effect of genistin was mediated through th e
ma les. Each male, however , sired one or more li tt er s, in­
dicating that r egardless of th e dieta ry r egim e all males were
fe rt ile a t some time, if not at all times, during th e 21-day
br eeding period.

SUM"IARY

A study wa s conducted ~ determine th e effects of soybean
oil meal and of gcnis tin extracted f rom it on growth and r e­
productio n of the mou se. Growth of the mice from three -to
7 weeks of age was not affect ed by tlle treatments used in
thi s exper iment. Bo th commerc ia' soybean oil meal aIyl iso­
la ted genistin significantly lowered the age at which 1.110
vag inas of immature mice opened. The principal effect on
reproduction of 0.20/0 genis tin in th e diet was a decr ease in
the numb er of litters born, wherea s litter size was not a ffected.
The effect of commercial ~ybean oil meal (80 0/0 of the diet )
on th e number of litters born was not sta tis tically significant
but th e number of li tt ers ootained was less tha n tha t. from
th e group of femalqs on the contro l diet.
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THE EFFECT OF FAT LE\fEL O.E' THE DIET ON
GENERAL N:tTRITION

XV. COl\1PARJii ON OF T HE P~TE4lTIVE EFFE CT OF L IN OLE IC ACID AND

LIN OL ENIC ACID AGAI NST M ULTIPLE SUBLE1'HAL

DOSE S OF X-IRRADIATIO N IN THE RAT l. ~

A. L. S. OH ENG, T . ) 1. GRA' AJ:.I , R. B . AL F IN·S LA T E R
AND H . J . DEUEL, J R.

Departm ent of B iochem ist ry and N utri tio n, S chool of J1! rd icinc, Umiiicrsi t u o f
Sou thern Californ ia, L os A ng eles

(Received fo r publi cation ~owmber 3, 1954)

The fact that rats and mi~ fed diets containing fat ar e
protected against radiation damage to a greater degree than
animals fed fat-free diets is well established (Cheng et al.,
'52, '54a ; Decker et al. , '50 ; Ershoff, '54) . The essential fatty
acids present in th e fa t have been shown to be th e effective
factor in such protection. Thus, when a low-fat diet was sup­
pl emented with methyl linoleate in a dose as small as 10 mg
per day, marked protection against x-irradiation was ob­
tained. It was possibl e to extend th e surv ival tim e of rats
exposed to x-irradiation, over arj above tha t of animals on
th e same low-fat ragimen, when th e former group was- 8UP­
plemented with linoleate (Deuel et al., '53) Later work in
our laboratory (Cheng et al. , '54a) demonstrated that the
protective effect exer ted on 20-week-old r ats which were sub­
ject ed to x-irradiation incr eased with incr easing supplemen­
tary doses of mHhyl li~olea~; better survival was not ed when
the daily dosage was 50 mg of Iinoloa te as compare d with
10 mg whil e a still grea ter protecti on was found in a group
receiving 100 mg of this essential fa tty acid per day.

~Th is work was carried out und er a cont ract betw een !otIe Univers ity of
Soutbern California * nd the Atomic E nergy Commission (No. ~T (1l-1 ) -1l3 ) .

i Contri bution no. 383 of the Depa rtment· o f Biochemistry and Nut ri t ion , Un i­
ver sity of Southern Californ ia.
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. .
An ea rl ier r eport from "this ra~o ra'o ry (Greenbcrg et al.,

'50 ) showed that ~inolen ' e possessed a markedly lower po­
tency in promoting growth and in producing curative effects
against essential fatty acid leficiency symptbms In rats, than
did linolea te, unl ess it was ~rked " by .the "la tt er . The·se
r esults 'were car r ied out with ordinary linolenic ~id, 9;12;15­
octadccatriorjoic acid, which Thomasson ('53) ha s likewise
found to hav e only slight biopotency against ess ential fatty
acid deficiency . On the otl\er hand, th e latter investigator
reported that y-linolenic aci~ (6,9,12-octadeca tricnoi c acid)
ha s a biolo gical activity id entical with that possessed hy lino­
leic acid.

In the presen t exper iments a compar ison ha s been made of
the abi lity of linolenat« aad linoleat e to protect rats sub­
jected to th e st ress of x-irradiation.

E XPERIMENTAL

Male rats of the u nive rs ity of Southern California strain
were employed in th ese tests. They were placed at weaning
on a fa t-d eficient diet similar to that employed by Cheng et
al. ( '54a). After a preliminary depletion period of 6 weeks,
th e animals wer e assign ed to one of several groups; all ani­
mals contin ued to receive the ba sal fat-free diet. Supplements
of ethyl laurate, methyl "ijpoleate, or ethyl linolenate wer e
adntiaistercd, as indicated ~ table 1 and below, twic e weekly
per os using a 0.25 ml tuberculin syr inge with a blunted
needle. There were 13 or 14 rats in each group.

The several groups of rats r eceived the following supple ­
ments twi ce weekly: group 1, negative control group, 0.25 ml
of ethy l laurate 3 only; groups 2 to 5, lO, 20, 4tl, and 80 mg of
methyl lin oleate 4 per day r esp ectively ; groups 6 to 9, 10,
20, 40, and 80 mg of ethyl linolenate 1i per day respectively;

' Ob tai ned f rom the K essler Che mical Co., Philadelphia , P a.
• Meth yl li nolera e wa s prepared f rom safflower oil in our labora tor y. On 'the

basis of iod ine va lue det ermin ations, th e sa mples wer e sho wn t o hav e a pur ity
of 92 to 95 %.

' Obt :Tined from B iorganic Chemi ca' Compa ny, Lo s Angeles.
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group 10, 10 mg ench of ethyl Iinoleate and ethyl linolenate
per day. The dosages wer calculated on th e basis of the fre e
acid content. All dos es w e made up to 0.25 ml with ethyl
laurate.

The rats were house d in 1 . idual cag~s d'urin g t e ex­
perimental period in a room in ,d]j.ch the tempera tu re was
the rmosta ticsily contr olled. Food and water were given ad
libitum. Body weights wer e r ecorded weekly. APter a two­
week orientation period foil~ving th e initiation of supplemen­
tation, the rats were subject~ to doses of x-irradiation of
200 1" weekly for 7 weeks. The procedures for radiatiun were
similar to tho se described earl ier (Cheng et a1. , '52). The
animals were observed for 10 weeks afte r the irra ia tion
was concluded, du ring whick period th e exper imental dietary
regim en and supplementat ion were cont inued.

RES1JL1'S AND DI SCUSSIO N

Table 1 r ecords the data on th e comparat ive eff ct of
methyllinoleate and of ethyl linolenate when given separately
or in combination to protect male rats from x-irra iation
injury when th ey were subjec ted to 7 doses of 200 1" each, given
at weekly intervals.

In groups 2 to 5, which received th e methyl linolea te sup­
plement s at 4 levels, the a,rage survival time is practically
doubled from that of th e contr ol group (.group 1) which re­
ceived no esse nti al fatty acid s. Th e survival tim e in all ~f

th ese group s is significantly greater than th e control values
in spite of th e wide individual variations. However, there
is not a proportional increase in average survival tim e with
increasing dose of linoleate as has been r eported earlier
f rom this laboratory (Cheng et al ., '54b). As a possibl e ex­
planation for this variance from our previous r esults., it is
possibl e that th e ag e of the animals may account . for th e
differences. :rn th e earlier tests, the rats were 20 to 23 weeks
old at th e star t of th e tests while in th e present case th e ex­
periments were initiated aft1!r 11 weeks .
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In spite of the failUlIC of th e ave ge survival tim e to ex­
hibit a progressively incr eas ed v e with increasing doses
of linoleate, the degree of mort ity a t the termination of
the exp~riment ~119 days) does how a progressively lower
value with tho increased d of linolea te. While 100%
of ths animal s had succumbed in the cont rol group and in
group 2 (10 mg linoleate), the percentage w}Jch had died
in gr oups 3 to 5 was o~ly 69.2, 64.2, and 50.0 respectively.
This would indicate that the e~t of mortality may be a
better criterion with which t~valuate th e protective effect
of th e essential fatty acids than is th e average survival time.

In sharp contrast to the protective effect of linoleate, lino­
lenate when given by it self was uniformly almo st entire ly
ineffective at 10, 20, 40, or 80 Illg daily. Some increase in
survival tim e appeared to obtain in gr oup 7 (20 mg lin olenate)
but this was not statistically significant . The aver age sur­
vival tim es for th e rats receiving 40 and 80 mg of lin olenate
closely approxima ted that of the contro l group. The pro­
tective effect of linol enate is likewise unsatisfactory when
ba sed on th e extent of mortality. Thus, in groups 6 to 9,
which r eceived 10, 20, 40, and 80 mg of linolenate respectively,
the mortality at th e termination of the test was 100, 85.7,
100, and 92.8<Jo respectively.

When linolenate is fed together with linolea te, however,
th e protective action against x~y is markedly increased :
it would appear that linoleate produces a synerg istic effect
OJ? th e action of linolenate or vice vers a. Thus, wIlen 10 mg
each of linoleate and linolenate were fed (group 10) , th e
'l igh~t av er age survival ame of any group was observed ;
it exceeded th at not only of th e g.roups receiving 10 and 20 mg
of linoleate as supplement but even of group 5 which received
80 mg of lin oleate daily. Moreover, th e extent of mortality
obse rved in gro up 10 was the lowest of any except group 5
(which received th e highest dosage of lin oleate ).

-rhe inact ivity of linolenate in protecting agajnst x-irradia­
tion in th e abs ence of linoleate j s similar to the r esults ob­
ta iu or] with th ese polyun saturused acids on the g rowth of
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rats r eceiving a fl!lt~free\d~et as repostcd by Greenb erg' et al.
('50 ). Moreover, ther e ,\ls some augmentation in the effect
on growth when these two jaeids were fed simult aneously al­
tho ugh thi s effcct was not \1s str iking as tnc pro tcstion af­
forded by the combined aeidsrsated here. 'I'he best explana­
ti on for thisphenomenon would still seem to be that lin"oleate
is needed to""ctivate the linolenate.

If th e effect iveness of a compo und in protecting against
the damage caused by x-ir~liation is r elated to its ab ility
to stimulate the growth of l~W t issue, th en this would ac­
count for the ability of a compound to promote grewth of
rats on a fat-free diet. It would appear that linoleate is
required to initiate th e growth r eaction of rats on fat-free
diet s both in the ab sence or presence of x-ir radia tion as a
stress factor. When this ba sic-requirement is met , linolenate
then is abl e to potentiate th e r esponse as effectively or even
more effectively than linoleate.

In a second ser ies of tests on female rats, it was likewise
obser ved that lino lenate offered only slight protection against
x-irrudiation injury as cont rasted with the marked potency
exer ted by equivalent amounts of linoleate. Although in the
experiments th e synergistic effect of lino leate on lino lenate
is no t as clea rly defined as in the tests with males, this
phenomenon may be relat~ to the marked variation in the
requirenugrt of essent ial fatty acids whfch obtains betw een
the sexes .

In addition to the expe riments reported here, a third series
of tests was curried out with the same number of a1l.imals
and with the same supplements as us ed in !he first ser ies :
however, inst ead of th e x-irradiation being giv en in 7 doses
at weekly intervals, the rats wer e subjected to only two ex­
posures of 400 r each at a 5-day interval. The results in this
third series were somewhat less clear-cut than the 'first l!ut
did help to es tablis h the i.neffectiveness 0' linolenate awl
l ike\\~sc th e syne rgistic aeeion of linolea te on linolena te.
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SUMMARY

The ab ility of linoleic acid to ot ect ~n ima l s against x-
irradiation injury has again bee confirmed . Linolenic acid
exhibits on4r a sligh t and in gnificant protective effect
a~ainst x-irraeliation in mal c S as judged by ave rage sur­
vival time tlnd by th e extent of mortality q; th e te rmination
of the experiment, However, when linolenate is admirds te red
at a miniraum level (10 mg) together with a minimum level
of linoleate (10 mg ), a markec1 -~ease in prot ective action
against x-irradiation is obtainJ[f which suggests that a syn­
ergism exis ts . This behavior is similar to the action on growth
of linolena te alone and with linoleate observed ear lier in
rats on fa t-fr ee di et s. It is again suggested that linolea te
is Y~~\lil'Qd to initiate th~ action ilt liuolcuat«.
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V. VI T AlYIIN A AND CAROTE NE

HE LE N L. GILL U.\I, AGX ES FAY .\IORGAN AXD FHA~C'ES S~ILER

Californi a Agricultural E.rpr!JJnl·llt Sta t ioll
Uni versit y of Cali fo n" Berkeley

FOU R F IGURES

( Received for puhl ication Nov ember 22, 195 -1 )

Det ermination of se rum vitamin A a nd ca rotene levels as
well as 7-d[p}r diet records an d physical examina tions were
obtained on 51+ supposedly healthy men and women over 50
years of age, residents of San Mateo County, Californ ia . The
methods and obj ects of the study havc been described (Gil­
hun and Morgan, '55 ). All participants were living in thcir
own homes except 4-+ men ove r 60 yea r s of age who were liv­
ing in the county hom e. Blood an alyses were made on only 30
of this last gro up.

The serum vitamin A and carotene levels wer e determined
by th e method of Bessey, Lowry, Br ock and Lopez ( '46 ) . ~

RESUL TS

The results of these determinations are shown in table 1
~ld th~ir distribution in figme 1. It is evident that there was
no significant difference clue to ~x but an irregular declin e

1 Th is st udy was part of rhe Western Regional Resea rch P roj ect , W --1 on
nutritional status of pop ulation groups. It was financed in part by funds np­
propriated un der th e Resea rch and Marketing Act of 19-!1i. Substantial help
and coope ra tion wer e r eceived f'rom the Human Nut.ri t ion Research Brau ch,
U . S . Depa rtment of Agriculture, th e United IS ta tes P uhlic Health Sorv icr- , th e
Calrtorn ia State Dep artment of P ublic. Healtf> :111<1 t he San .\lto1t l.'O Couu tv Do­
partment of Publi c H eal th a nd W elfare.

' T he se rum nnn lvsc s wer e don e by J ohn B:1rnwell and E sth er GOOSSCIl.

6fi5
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III both levels w i th il1~'e ~lsing age, ~)a l-t icula rly III tlte men.
About one-third of all serum \~tamin A level s were under
50 ug 1'0 , nearly 1-,\·o-thill.S below 60 and about 95]'0 below
80. F'ifty-thrce p CI' cent of all ca rotene lev~ s were under 110

TA I3~ 1

Serum vitall/ill A a~ carotene let'cl.~ at " len -and women over :fo'yea r.~ ot eage
• •

SERu ~r CARQTE :SE

AGE
GROUP

yr ,<; .

50- 54
Meu
\ Volllen

55-59
l\l eu
Women

60-64
Men
\\. 0 IIIen

C.H . men 1

65- G9
Men
W omen

C.H. men

70-74
M en
\Vomen
C.H. men

xo . OF
SU B-

J E CT S !Uedian

40 57
46 54

38 62
48 56

34 5(i
52 58

7 42

38 54
51 59
10 46

34 51
3i 52

8 43

HERU 1\l \' IT..\.~fl :S- A

58 20-1 09
57 ] 7- 131

61 311- 87
57 29-] 20

54 9- 82
56 20- 92
49 33- 96

54 23- 88
58 28- 87
49 30- 66

50 24- 94
50 22- 77
46 ~ 62

Sta nd ­
a rd

error

3
3

2
3

3
2
8

2
2
8

3
3
7

Med ia n

/lU '70

] 23
108

] 09
110

99
] 21
100

109
101
101

110
104

93

~Iea n

/l g '1o

] 23
118

1~5

] 29

111
] 37
] 02

130
117

95

113
]] 2
93

Stan d-
Ra nge a rrl

error

/lU 0/0

29-~30 7
46-307 8

31-311 9
48- 429 10

4 ;~-299 6

33- 386 10
33- 207 21

47-311 11
25-269 8
4(;- 153 13

43- 217 8
49- 246 7
:n-199 20

75-79
M en ] 6
Women 25
C.H. men 4

80 +
Men ]5
Wo men ] 0
C.H . men 1

To tal s
IIlen 215
\\' omen 2(i9
C.H . men 30

52
52

3"

50
53

56
54
43

53 34- 104
50 ] 5 - 74
39 28- 54

47 18- 72
53 46- 61
60

56 9-1 09
54 . 5- 131
47 28- 9"

5
3
6

5
2

3
3
8

103
97
80

83
108

108
106
95

130 33-405 ~4

121 48-429 20
89 78-12 1 11

90 43- 147 8
101 29-206 ] i
167

118 29-405 9
]20 25-'429 . )
98 31-199 16

J.. '!.J·n living in th e county home.
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Ilg rO and more than 9ii7o under ~50'. The di strib ution of
the vitamin .A lev els was nor tnal in both m en ancI women but
that of carotene was ske wed so t h,ilt 71 % of all values fe ll
between 45 and 1-30 Ilg ro with Ol~y 40/0 below 45 a nd 2570
a bove 150 (fig. 1 ).

V itann» A and car oien e in tak es

The dietarv content of v itamin '; f rom bo th a n imal and
plant sources wa s ca lcula te d in ijf'[el'l1ati on al uni t s, ex p ressed
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Serum ViJamin A
in f'-9 / 100 ml

Serum Carotene
in f'-9 / lOG ml

P ig . 1 Dist ribut ion of se~u lll vitamin A awl cnrotvnc levels in men and
'iiPmell over 50 years of ag e.

as a total and s~pal'UtCil into p r eformed vitamin A ancI caro­
ten e (table 2 ). The in terna ti onal uni t of p r efo rmed vitamin
A wa s taken to be equ iva lent to 0.344 Ilg vitam in A, tho value
g iven the ester fo rm, since nea r ly a ll foocI v itamin A is in
th::.t form. The carotenoid content of. mi lk fat. and egg yo lk was
ignor ed because of the wide seasonal changes i n this con­
stitue nt. Thus the vitamin A of tbese food s of animal~
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was considered all preformed vitamjn A, leading to a slight
overweighting.

The total vitamin A cqniv alcnt of the food eaten was cal­
cula ted from the carotem\ and preformed vitamin A con­
tents by assl;Sling 3 LU. of~tene to be equ~'alen t biol~' i ­

cally to 1 I. U. preform ed vitamin A. 1 his was based on
the eouclusious 0 Hume ( '51) f rom a study on hum an volun­
teers (H ume a nd Krebs. '-i9). Th~ mean effect~' ~ vit ami n
A daily in takes wer e therrssx pressed as micr ograms per kilo­
gr am of body weight (table ~).

It should be noted that this method of appraising th e biolo­
gical value of foo d caro tenoids produces an under estimate
since some of the provitamin A values were obtained by bio­
assay. Presumably these va lues are fully equivalent to those
cited fo r vitamin A of animal or igin. T he comp ila tion by
Watt and "Merrill ( '50) was trw chief source of the figures
used in th ese calcula tions . These values were compiled f ro m
many sources and include the results of both chemical and
biological analyses. Data making it possible to form a new
table of vitamin A content of food s are needed in which th e
chemically determined va lues are reported un iformly ill
terms of micr ograms of carotene or of vitamin A ester and
the biologicall y determined values in international units or
their equivalents.

The proport ions of pref~rmed vitamin A to carotene varied
con~rably . The women took 21 to 47 0/- as caro tene, mean
29, th e me1\ living in their own homes took 16 to 40% in that
form, mean 27, and th e men in th e county home, 12 to 23'1c,
mean 18. Th e total effective intake of vit amin A per ki lo
g ra m of body weight per da~ va r ied in th e 5-year age groups
from 22 to 43 JJ g, mean 33, in the then ljving at home, from 19
to 38, mean 27, in th e women, and from 15 to 27, mean 21,
in th e men in the county home. These figures are comparable
with those obtained when th e crude total intake in LU. was
used. P er kilpgram per day by th e la tter calcula tion, the n~n

living at horge ingest ed 158, the women, 129, ~1l1 c1 th e men in
~nty home 8:=> I .U . of v.iJ:.amin A (tahle 2) .
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Tw en ty-eight of the men and 55 ot- the women took vita min
A supplements either in multivitamin preparations or sepa­
rately more or less regularly. 'I'he mean daily dose was
6,470 I.U. for the men and\ 8,368 for the women, Irs addition,
13 men an~4 wom ers to~itamin sup plements but the
amounts and~d wer e not kncsvn Those who .took vitamin
A supplements wer e well distributed in all age groups. The
av erage total intake of all vi tamin A including ~pplements

is estimated fo r the 5-yea~'e groups in table 2.

R elat ionship of intak es to seru m levels
The total vitamin A intakes of all the subjects wer e divided

into three groups including resp ectively 36, 26, and 44'10
of the women and 23, 26, and 51 '10 of the men. These groups
had daily in takes of less than 5,000 J.U. total vitamin A,
5,000 to 8,000, and over 8,000, in cluding vi tamin supplements.
The vitamin A serum levels were divided al so into three
groups, less than 50 ~g %, 50 to 65, and over 65, since these
values also r epresented a fairly even division of the whole
ser ies. The per cen tage of men and women having each of
the three r an ges of vitamin A intakes within each of the three
groupings of se rum vit amin A levels is shown in figure .2.
Ther e is an obvio us incr ea se in the per centage of tho se taking
the largest amount of the vitamin as the serum levels increase.
The opposite is t rue fo r ~hose hav ing the lowest vita min in­
takes

'When a simila r compa r ison was mad e betw een in takes And
serum levels of carotene a higher cor relation, r"= + 0.37,
was found. The intak e grouping s in this case were less th:trl
1.8 mg of carotene, 1.8 to 3.6 and more than 3.6. In this
cas e each I .U. of plant origin was given the value of 0.6 ug
of carotene. The serum level ranges wer e less than 75, 75 to
150 and over 150. These again represented nearly equal divi ­
sions of all the r ecords. The st r iking cor relation of fre­
quency of low intakes in those having low serum levels and
of high intakes in tho se \\;ith high serum levels is shown
~re 3. This is to be ~)ected since se rum carotenes r e­
flect intake only.
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When th e sc rnm carotene v~ue s are plotted agarns t the
mean total carotene in takes th e positive cor re lation appears
clearly (fig. 4). When the carotene irttakes were expressed as
milligrams per kilogram o~ body weight practieally the same
curves were~btained .

A comparison of total vitarain A intake wi\h the sfrum
carotene level s yi elded a less significant r elationship. The
mean di etary intake of men with serum carotene under 75

>6.02.4 ~6 4B 6D

Coretene Intake, mg
< 1.2
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Fig.:I 'r(irr elation of mean ser um cnroten e levels with cor resp on ding ca rg te nc
int ak es.

!Jg 70 wa s 12,018 LV., 75 to 15() wa s 9,720, and ov~r 13-(),
14,685. The corresponding Jigur~s for the women were 7,000,
9,000 and 14,250. Such r ela tionship as appears may probably
be ascribed to th e carotene f raction of the intake. Merrow et
al. ('52) reported simila r correlations.

Phys4:al signs of l'oss ibl e citam in A deficiency

In table 3 are list ed th e freq uen cies of occurrenee of changes
in eyes and skin which have been ascribed to vitamin A defi-
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ciency." None of th ese sig~s occurred in a significant num­
bar of the subject s, except for thickening of the bulbar con­
junctiva. This latter llign was so frequently noted, in 94.1ra
of all sabjeet s, that it s significance as a true vitamin A de­
ficiency symptom rather thJifis l' normal ~.fect of aging,
muj;t be que stioned. These wa s no differ enqe m serum vitamin
A levels between those 'who presented this ~gn and tho se
who did 1!ot , nor was there any relationship to age or sex
in its occurrence. The same may be said of the appearance

TABLE 3

Ph~sical signs of possible vitamin A deficiency in 514 men and women
over 50 years of age

PER CENT OF SUBJE CTS

SY M PTO :\fS Degree

Mild Mo derate Severe TOTA L

Bulbar conjunct iva
Thick ening 54.8 38 .5 0.8 94.1

I nc reased vas-
cul arization 3.9 0.2 4.1

P alpebral con j nnc t iva
F olliculosis 2.5 0.2 2.7

Spots 9.6 (1 spot ) 1.6 (2 spots ) 11 .2

Skin xe rosis 21.2 6.4 0.2 27 .8

Skin folliculo sis 0.8 0.2 1.0

H ype rke rat osis 7.4 2.0 9.4

Follicul ar p lugs 2.7 0.2 2.9

of Bitot 's spots, and the other changes in th e co~j~tiva as
well as in the skin. For example, the mean serum vitamin
A level of persons without thickening of the bulbar conjunc­
tiva was 53 IJg ro, of tho se showing this sign, 55. Those with
and without skin xero sis had th e same mean levels, as did
those with and without hyperkeratosis.' In both xer osis and
hyperkeratosis how ever there was a definite in crease in num­
ber of subjects showing this sign with advancing age. Xerosis
was more frequently seen in th e wornen, hyperkeratosis in th e
men.

3 W e are indeb t ed t o She ldo n Dra y, 1!. S . Public H ealth Se rvice for~e...... s­

sessme n t of these sig ns.
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The dietary and supplementary vitamin A and c~..ote ne
in takes of the ~) e l' sons who showed th ese physical signs war e
widely varied, and showed no cor relsetion with incidence of
the signs.

E ffe ct of min erl1l oilin iakt:

Ten of the subj ects reported intake of mineral oil three to
7 times pe r week. Six of these who took the oil ~~ery day
had average serum vitaml~ A an d carote ne levels of 46 and
108 ug % resp ecti vely and th~ J. who took it three or if times
a week, 72 and 103. The total daily vitam in A intake f th is
group wa s 8,240 I. U. of which 6,000 I. U. were f rom plant
sources. The av erage value of serum ca rotene of all sub­
jects with this intake was aQout 125 (fig. 4) . One 82-yea r-old
man "who took mineral oil dail v had a serum vitamin A
value of 30 Ilg ro and carotene 13: although his intake of total
vi tamin A was reported as 5,292, 82% of which was f rom
carotene. Two others in th is group had serum vitamin A levels
of 33 and 34 but ca rotene levels of 122 and 224. The in takes
of these subjects were 8,280 and 9,791 I. U. total vitamin A
daily bu t 91 and 85ro of these were from plant sources. A
75-year-old man in this group 'who took supplements so that
he had intakes of 69,350 I. U. of vitamin A and 17,288 of caro­
tene had a se rum vi tamin A level of only 54 and serum
car otene level of 69. Alexander et al. ('47) found a decr ease
of 50'1~ in plasma carotene ' evels with lnolonged daily in­
ges tion of mincsal oil, but Stcigrnan et al. ('50) reported
large diff erences in the effect of th e oil, du e to variations ill
amo unt and t ime of dosing.

DI SCUSSlc1X

'I'he tendency toward a decr ea se in serum vitamin A level
with aging has been seen previously by Rafsky and Newman
('48) . In subje cts past 65 ~ars of age 65ro had serum caro­
tene below 10@ ug % and 82~ had serum vitamin A below 40
Ilg %. This may be compared with about 45% and 17% below
theS'e"1~vels in the present ~dy. Most of the studies, how-
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ever,~dicate little if arsy effect of ~ge upon th ese blood levels.
:J:I.Jl,ig and Patek ('42 ) and Campbell and TOI1~s ( '49) found
no differences in their se r ies of young and old adults.
Kirk and Chieffi ('48), in a study of 155 in stitutionalized
m!ddle-aged ~d qJderly subjects, sa.. r no signifi; ant difference
betjveen ths means of their plasma vitamin A and ca rotene
levels and those of a group of subjects 16 to 3~ years of age.
Yiengst a~d Shock ( '49 ) who examined 126 simila r elderl y
males a lso saw no cha nges in tj, ese levels wi th age. It mu st
be noted that in all of th ese ~udies the subjects were living
in in stitutions and were possibly survivors of more or less
st ressfull lives. These observations may be compa red with
th e records of th e men in th e county home in this study
rather than ,..ith tho se of the metl living in their own hom es.
The intake of preformed vitamin A equival ent of the for ­
mer wa s 21 llg per kil og ram, only 6270 of that of the men living
a t home. Their circulating vitamin A and caro tene were like­
wise low, 84 and 83% of tho se found in th e men living in their
own homes.

The t re nd toward a lowering of th ese levels with age shown
in our records is not s tr iking except as it is seen in relation
to the generous intakes of vitamin A maintained by the ma­
jority of the older subjects. The men 50 to 59 years old had
a mean se r um vitamin A of 60 ug %, 60 to 69 years old 54,
and over 70, 50. TJle wom en 5(fto 59 and 60 to 69 yoans old
had levels of 57 llg % and those over 70, of 5(l. Th~differeJ1 ce s

betw een th e mean values in th e 50- to 60-year-old groups and
those-of the group over 70 ~re significant in both men and wo­
men. The di etary intakes of preformed vitamin A equivalen ts
per kilo gram body w~ight t or these age .groups were fo r th e
men, 34, 31, and 33 ug, for the wom en 24, 32, and 25. The
corresponding serum ca rotene level s by decades were 119, 116,
and 109 llg % in the men and 123, 127, and 113 in th e wom en.
The average daily ca ro tene intakes in in ternational units per
kilo gram body w eight of these g_oups of men were each 78 and
of th e wom en 72, 74, and 72.
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The mean levels of sertnn vitamin A found in thi~ study
were higher ij].an tho se usually reported. The values of 56
and 54 [lg % for men and women r espectively may be com­
pared with the 35 (117 I .U.) quoted by Moore and Leitner, .
('49) as th e av erage for 325 m~n and women reported III 8
Am erican and Brit ish studies . Moore and LeitIJ&" found 36
(121 I .V .) as the av erage of th eir o\vn det erminations' on 195
adults, about one-half of whom were hospital pa"tieet's. About
64% of these values were in th e range of 24 to 48 [lg %.

The mean serum car otene l <lVels, 118 and 120 [lg % fbr men
and women r esp ectively were close r to tho se usually r eported.
Moore an d Leitner ( '49) quoted 177 (295 I. U.) from the 8
studies previo usly mention ed and 92 (153 1.U.) from their
own.

Repor ts of sex diff erences in blood vitamin A and carotene
levels generally show a tr end toward higher vitamin A levels
in males and higher car otene levels in females (Moore and
Sharman, '51; Hoffman et al., '50; Rafsky et al., '47) . In
two stud ies, tho se of Haig and Patek ('42) and Abels et al.,
( '41), the carotene level wa s found to be higher in the males
than in the females. It has been suggest ed that carotene in ­
takes per kilogram of body weight may often be higher in fe­
males and that their toler ance for carotene ma y th er efore be
more frequently exceeded. This was not true in this study,
how ever , since the mean daily intakes of carotene per kilo­
gram ofbody weigh t of men and of women were 77 -t- 6 and 7]
-t- 8 1. U. re spectively, with median serum car otene levels of
108 and 106. The median vitamin A and carotene serum levels
of the 5-year age groups (table 1 ~ showed no consistent sig­
nificant differences between "'he sexes. K irk and Chi effi ('48)
also found no sex diff erences in these blood constituents.

The comparison of intakes with circulating levels of vitamin
A and carotene is complicated by th e rapid storage of excess
vitamin A and the somevahat less rapid transformation of
ingested carotene into vit~min A for both circulation and
stor age. Lasge increases in carotene intake may raise th e
carofe.e level in man rem~ably and continuously without
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affect~g the serum vitamin A value (Hoch, '-:1-3) . Simila r in­
creases in vi tamin A in ta ke affect the s erum levels of vitamin
A within a few hours hu t within 24 hours f he resting level is
again restored. Meanwhile th e carotene level may not be
afjected, Tll1~" , dietary ca rotene directly affe(,f{s the se rum
carotene level but only indirectly the circula ting vitamin A.

III th is study a direct cor re la t ion of intakl'l of ca rote ne wi th
its serum leve ls wa s coa viucingly demonstrated (figs. 3, 4).
The carotene intakes were not similarly related to th e ser um
vitamia A levels no r were th e tot ftl vitamin A intakes so close­
ly re lated to the carotene levels. The la tter value appears
to be indicative of th e recent carotene intake only ' and not
to be directly significant with regard to th e vitamin A sta tus.
Its routine determinati on th erefore may be of value only as
a check on di etary r ecords and on the efficiency of absor ption
and transformation of food curotcuoids .

The frequ ently reported la ck of cor relation of cer ta in con­
junctival and skin changes with blood vi tamin .A levels (You­
mans et al. , '44 ; Anderson and Milam, '45) was confirmed
again in this study. Darby and Milam ( '45) foun d conjunc­
tival chang es in 75% of adult s examined but no gre a te r in­
cidence in th ose wi th low plasma vit amin A levels or low
dietary intake tha n in the others. Chieff i and Kirk ('49),
however, r eported high er incidence of hy perkerat osis and con­
junctival thickening in middle-aged and old subjects with
low plasma vitamin A levels (1 t~ 15 llg % ) than in those -with
higher concentrations (25 to 60 llg '10 ) . In a~ing subjects the
gene rally quoted signs of low vitamin sta tus in eyes and skin
~ppear to be more often see n than in young people but th eir
dependence upon actual vita min A deficienc y is quest ionable> .

SUM MARY

Serum vitamin A and cFotene det erminations, physical
examinations and 7-day di etary r ecords were obtained on 514
sup posedly healthy men and worasn over 50 J;ea rs of age.
'I'hirty of th e ~n were liv ing in th e county home, th e> ot hers
in th eir own hom os.
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A small decline in both vstamin A and ca r otene serum#en >]s
occurred with age in both men and wom en, th%J mean va lues
by decad es bein g, in micrograms per cent, 60, 54 and 50 for th e
men and 57, 57, and 50 for the women. 'I'lte corre~ond ing

carotene valu es were 119 116, 109 for the snen and 123, 1~7 ,

113 for the women. No significant sex differences wer e ~ound .

Only 5.6% of th e subjects had ~erum vitamin A levels
below 30 ilg % and 5.2% above 80. :N early half of both men
and women had serum vitamin A levels betw een 40 and 60 ilg
%. The ser um carotene levels . a r ied more wid ely, wit h about
62% fa lling betw een 60 and 150 ilg %.

The dietary intakes were calculated for preformed vit amin
A and for carotene separ ately and the probable vitamin A
equ ivalent det ermined . Th~ wa s found to be 2,387 ilg per
day for th e men living in their own hom es, 1.8g3 for th e
wom en and 1,354 for the men in th e county hom e. Th is
amo unted to 33, 27, and 21 ilg per kilogram of body weight .
Tw enty-seven per cent of th e intake of the men living in th eir
own hom es wa s from carotene, 2970 of that of th e women an d
1870 of that of the men in the county home. About 1170 of th e
men and 2070 of the women took vitamin A supplements more
or less regularly. 'When these were included th e av erage total
intakes were 11,470 and 10,200 J.D. daily fo r th e men and
women liv ing in th eir own ~omes as compared with 10,640 and
8,450'when food sources only were used .

A slight positi ve correlation betw een total vitamin A intake
and se r um vitamin A level wa s established for both men and
women. The correlation between serum carotene and carotene
intake wa s more pronounced, r"= 0.37.

Thickening of th e bu lbar conjunctiva wa s not ed in 94.170
of the subjects but th is wa s not more marked in tho se with low
than in tho se with high serum levels of vitamin A. The same
wa s hue of the other changes in th e conjunctiva and skin .
There wa s more relationship to age than to vitamin A levels
or intakes in th e di stribution of these SIgns .
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VI. ~RUM PROTEIN , BLDOD N ON P ROTEIN NITROGEN,

U RI C ACiO AND CREATI N I N E

AGN ES F AY MORGAN, ~lARY MURAl AND HE LE X L . GILL UM

California A gricult ural Experiment Stat ion
Universi ty of Calif orllia , B erk eley

SI X FIG URES

(Received for publicat ion Decemb er 13, 1954 )

The nonprotein nitrogenous- const ituen ts of the blood were
studied in 255 and se rum protein lev els in 573 men and wom en
over 50' yea r s of age, all living in th eir own homes in San
Mateo Coun ty, California, except for 44 men who 'were liv­
ing in th e county home. Physical examina tions and 7-day
dietary records were al so obtained in all ca ses. The methods
and obj ectives of this study have been described (Gillum and
Morgan, '55).

PROCED URE

'I'he blood used for the protciu-free filtrates was drawn by
venipuncture and :i\ portion plrtcod at once in a flask con­
taming a small amount of lithium oxalate. The flasks were
shaken and the blo od t r ans f erred to tubes which were at
ence fJ'ozen and kep t f'rozenamtil they were analyz ed, P or tions
of blood were also transf erred to unoxalatetl tubes which were
centr ifuge d after shm c1 ing 15 to 20 minutes, the se r um

1 This study was part of th e Western Reg ional Resea rch P roj ect , \\'-4 on
nu t rit.iona l sta t us of popu la t ion grou~s. It was fina nced in pa r t by funds appro­
p ri a ted un der th e Research and Ma rketing Act of 1946. S ub sta n t ial help and
co~eration were receiv ed f rotn the Human N utritio» Resear ch B r anc h of th e
Unite d States Department of Ag ri culture, t he Unit ed Sta t es Pl.lbli c H eal th Ser­
vice, the Calif ornia iita t e Depar t ment of P ubl ic H ealth and th e ~ar! Mateo Coun ty
Depa rtment of Public H ealth and W elfa re.

Gil
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separated and the total t erum prosein s determined imme­
diately 2 by tl~ speci fic gravity method of Philjlps et a1. ('43).

The protein -free blood filtra tes were prepared according to
the method of Folin and Wu ('19). The .~ame filtrate was
us ed for nonprotein nitrsgen, uric acid aoo cr eatinine.

Nonprotein nitrogen was determined by micro Kjeldabl jrroc­
~s using steam distillation for re~Dvery of the ammonia in
bone acw and ba ck titration with st ah dard acid . ~asfactory

blanks and r ecoveri es from ammonium sulfate and urea were
established. 3

The method of Folin and "TU ('19) was used for cre atinine .
The method chosen fo r uric acid after much consideration

was that nf Brown ( '45) . B ecause of lack of specificity of the
methods used for blood uric acid analysis all uric acid data
r eported mu st be cons idere d in the light of the procedures
used. The Folin ('22) method long in use may not yield th e
fu ll uric acid values.

The mctho.ls which in clud e the use of the enzyme urica se
may yield eithe r low or accurate values while th e ferricyanide
methods may include nonuric acid-reducing substances .
Added uric aci d ha s been r ecovered poorly in nearly all the
methods mentioned. Brown ( '45) proposed the use of modi­
fied amounts of urea and sodium cyanide solutions to over­
come th e color-inhibit ing effect of cer tain substances present
in the tungstic acid blooe! filtrat es. A modified Folin-Denis
tungstate-pho sphate uric ac'd r eagent was al so used and
comparisoits made with the color produced in pure uric asid
solutions . When the uricase enzyme treatmen t was used on
parallel samples th e reduction in apparent uric acid c"ntent
wa s small, on the ~rder of l~%. The range of concentration
in human blood sarqples by the ~ethod of Brown is 2 to 3.5
mg %, which compares well with that obtained by th e F alin
('33) isolation procedure. This method was the refore adopted
as suitable for routine use and lik ely to yield true blood uric
acid values.

• The serum l'r<ftein dete rminati ons '4ere made by Mildred ~owden .

• Th e ltOnproteill ni trogen an.alyses~e mad e by .John F . Taugh er .
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Ce. trifuged urine samples w~e tested qualitatively for
albumin by t1le addition or an equlfl vo~me of 30/0 sulpho-
salicylic acid solution. The degree of cloudiness or appearance
of preci;pita.te ot\.. standing was estimated as indieating a trace
0," 1+ to 4-+-ealbmninuria.

Il' ABLE 1

S erum protein and nonprotei n.fhit rogen of men and wom en over 50 JJ.ears~

SERU M P ROT EI N N ONP RO TEIN N I T R OGE N
AGE NO. NO.GROUP Mean Range Stand . Mean R ange St and .

er ro r error

gm % gm % mg % mg %
50-54

Men 45 6.5 5.8-7.2 0.05 24 37 27-48 1.2
Women 49 6.5 5.6-7.2 0.05 19 34 ~-42 1.4

55-59
Men \1 6.5 6.2-7.2 0.04 21 38 24-51 1.7
Women 54 6.5 5.8-7.?e 0.04 25 33 24-42 1.0

60-64
Men 36 6.5 5.8-7.2 0.06 12 39 32--47 1.3
Wom en 57 6.4 5.2-7.7 0.05 26 33 21-47 1.3
C.H. Men' 11 6.7 5.8-7 .4 0.16

65-69
Men 39 6.4 5.6-6.9 0.06 21 38 28--45 1.0
Women 57 6.5 5.8-7 .7 0.04 28 34 17-49 1.1
C.H. Men 16 6.6 5.8-7.0 0.08

70-74
Men 37 6.5 5.8-6.9 0.05 16 35 26-46 1.3
Women 40 6.4 5.8-6.9 0.05 24 36 26-44 0.8
C.H . Men 8 6.6 6.2-7.0 0.10

7~-79

Men 19 6.4 5.8-7.2 0.08 12 36 24-43 1.8
Women 25 6.4 5.8-6.9 0.08 11 35 28-46 1.9
C.H. Men 5 6.4 5.S.7.0 0.19

80 +
Men 19- 6.5 6.2J7.2 0.08 11 35 22-42 1.7
Women 12 6.4 5.8-6.9 0.11 5 33 30-38 1.7

C.H. Men 4 6.6 6.5-6.8 0.07

Tot als
Men 235 6.47 5.6-7.2 O.~ 117 38 22-51 1.4
~omen 294 6.44 5.2-7.7 0.11.5 138 34 15-49 1.2
C.H. Men 44 6.60 5.8-7.4 0.12

' Men living in county home.
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Jil E SULTS A ND DlSCU~ION

T otal serum pri tein

There wa~nly one person, a woman, wittJ. se r um protein
level below 5.59'0 and only ~ men and 4 wornerswi ta levels above
7.0 gm 7o . Onl y 6 to 770 of the values were below 6.0% 'I'kirty­
:&i.u..r per cent of the women ancl 3870 c1t the men had se rum pro­
te in revels between 6.0 and 6.5, and ~7o of th e \Y~len and
5470 of the men between 6.5 and 7.0 (table 1) .

60 Men
Serum Protein in gm. %

o <6.0 ~ 6.0-6.5 §l > 6.5 Womoo

50
(/)
Q)

~ 40
o
'+-
o 30.....
C
Q)

~ 20

rf
10

< 14 14 -15 > 15 < 14 14-15

Hemoglo~in, Gm. Percent
Fig. 1 Proportions of men a nd wom en havin g certain ra nges of total serum

protein a mong those with t hr ee groups of hemogl ohin levels .

No cor re lat ion wHh di etary prot ein could be det ected nor
was th ere any r egular change witlt age tJr differenc e between
the sexes. When th e hemoglobin levels were compa red with
these ser um protein levels, how ever , a small positive cor re la­
t ion was det ected (f ig. 1). Since a moderate posi ti ve cor ­
r elation had ]Jeen found between hemogl obin levels and prt>­
te in intakes (Gillum and l\[~rgan, '55) it is tiikely that th.e
se rum pr otein va lues were ~ ' east r emot ely affect ed by the
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diet. It is clea r, howe-ser , that in thi s group th e hemoglobin
level was a bet ter index of prot ein nut ritional etntus than was
the total se r um protein.

The mean serum protein level of th e 2:35 lllClllfving in their
own homes w~s 6.l.7 -+- 0.06 iim 70 an~ of the women 6.44 -+- 0.05.
TIle 44 me.1 living in tl~ ~unty home had a mean level of
6.60 -+- 0.12 gm %. 'Phesl. va lu es are low er than thoseu~
quoted r~· no rmal yo ung adult s . Albr itton ('52) gives 7.13
or 7.2 as the no r ma l mean, with a range of 6.5 to 7.9 gm 70 ;
Krebs ( '50) suggests 6.72 ; Bruckman et al. ( '30) , using a
limited number of healthy subjects, fo und 6.5 to 8. to be th e
limits of se r um protein conce nt ra t ion. The av eljjg@- va lues
were 6.9 grn % for ma les and 7.6 for females.

Olbrich ('48 ) also foun d 1 0\~ level s of pla sma protein in
78 old subje~t s, 5.70 gm %, w~h a r ange of 4.02 to 7.14. T hese
people were-living in an inst ituti on which ·p rovided adeq ua te
dieta r y protein. R afsky et al. ('52) did r ep ea ted studies on
th e blood of 31 simila r persons 65 to 95 years old and found
the av erage se r um prot ein level to be G.9? -+- 0.30, with a range
of 6.12 to 7.88 g in %. The albumin fract ion, however, was
fo und to be sign ificantly decr ea sed and th e bet a globulin in­
cre ased, with lowered albumin-globulin r a t io, as compa red
with simila r values in no rma l youn g adult s. This la tter find ­
ing is r ep eated in nea r ly eve ry repo rt of f ract ionation of
se rum prot eins in sld peop le C~ock, '48 ) .

No correlation of serum pr ot ein concent ration -('trith dietary
protein wa s se en by Youmans et al. ( '43) in a sur vey of some
i 200 ~ersons , nearly half of whom were ove r 21 years of age.
The mean in th e adult s wa s 6.8&for the men and 6.94 grn 70
fo r the women . lJ1 spite of a r elati vely low pro tein intak e
there were f ew cases of low total serum protein and even of
hypoa lbu minemi a . Edema i,vas see n in 370 but this was no t
associated with low sC'.r um prot cia s no r with low protein in­
takes.

There wa s orsly one case of ed~ma in th e present se r ies and
this was not due to d i stu rbanc~.<1f t he p ro tein uu t ri t icn.
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The fa ilure of correlation of serum ~rotein levels wit l' pro­
te in intakes was st rsking in this st udg (table 2). The ave rage
~tein in takes were adequate, 1.1 gm per kilogram for the men
living at hom" and 0.9 for the women and <lther melt in the
county home. Only 12 ml!n ha d i daily ia~ke of less than
60 gm of protein and only 32 women and less than ~ gm ~e

~s ~~re atso sufficient in practically all cases (Gillum and
Morgan '55) . Nevertheless the men and women -riving at
home had a rather narrow range and low mean serum protein

T ABLE 2

Serum protein levels comp ared wit h daily prot ein in takes

PROTEIN T OTAL SERUM PROTE IN . gm 0/0 AI.lL I..EVEI.S
I N T A K ES < 6 .0 6.0 - . 6.5-7 .0 > 7 .0

NO. O F SU BJ EC T S

urn % % % %
Men

< 60 5 45 40 10 20
60-79 4 39 56 1 72
80-90 13 43 43 0 39
> 90 8 32 57 3 80

211
\Vomen

< 50 3 35 62 0 68
50-59 11 29 59 1 70
60-70 9 36 52 3 57
> 70 3 38 58 1 74

269

levels. The men in the county home had a rela tively higher
level in spite of th eir lower intake of protein . The hemoglobin
levels of these men ~vere also cquas to tho se of the men riving
in their own hom es.

Nonp rote in ni trogen

'I'herc appeared to be a higher averagp concent ration of non­
protein nitrogen in the serum of th e men tha n in that of tne
women up tii . 0 yea rs of age. The mean for Ute 117 men was
38 -+- 1.4 mg %r for th e 138 ~8tne n 34 -+- 1.2. Afte r 70 yea rs
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of ag<\ th ere was some . ecline in trte level .n th e men but not
in the women ; table 1). The di stribution is. sh<ewn in figure 2.

The normal range fijI' blood nonprotein ui trogeu is usuaUJ­
given a~ 18 t o 4~ mg %, wit h a mean of 25 (Bj'f'g lund, '22 ).
Hammett ('2~ ), l~wever, fo und 35.6 mg ro as the mea n of
60 Anl\lys~ of blood of 9 normal young ad ult s. Cramer and
Winnick ('4:3) found 25.'1 the mean for normal ad ults, ~
tonen ('B~ reported tlfat the nonprotein nitrogen ill U of

.....
C
Q)

~
Q)

0.. 1

4

~ 3
If)

oo
'0 2

0
Men Women

..----
0 -

r--

f-- r--dl-

-
-

0

I I
< 25 30 35 40 > 40 <25 30 35 40 >40

Non Protein Nit ro~n, Mg. Percent

Fig. ::! T he di stribut ion of hlood nonpro tein ni t rogen levels.

47 persons 80 to 93 years old was more than 45 mg ro oPatho­
ls gy may not have been ruled out in all these cases. Renal
clearance, which is var ia ble, especially in old peo ple, affects
all f ractions of the ~erftm nohprotein ni t rogen and comp licates
the interpreta tion of these data.

Som e direct correlation oj protein intake with nonprotein
nitrogenous levels was found in the men in this study but none,
or a negative one, in the women. In figure 3 ase shown the
proportions of raen having less than 35, 35 to 40 aad mor e than
40 mg % of nonprotein nitro~among those avho ingested
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less than 70, 70 to ~o and more th~n ge gm of protein p lfr day.
A simila r divjs iors of th e women into those with less tl~'1n

~, 30 to 35 an d more than 35 mg 70 of ntmprotcin nitrogen was
made and tl~e were sor ted fo r in creasing am ounts 01 protein
intake. A di r ect bu t notsstrikiug relatiolHi~ip ~etween blood
nonprot ein n i t rog~n a nd the level-of di et ary prot ('il~ is ~eep in
~ompari son fo r th e men but nons fo r the women, K ountz

Serum NPN, mg. %
60

c
Q)

~
'+- 40o-c
~ 30...
cf

20

10

0 < 35
fZJ 35-40
~ >40

< 70 70-90 >90 <50 50-59 60-70 > 70

Daily Protein Intake, Gm.
Fig. 3 The correlation of nonprot~n nit rogen bl ooj levels with diet a ry pro­

t ein in men a~l luck of co r relnt ion in women,

et al. ( '53) have al so noted this r elationship and suggest that
excessive protein intake by old pesple may involve some r enal
difficulty.

Ur1c acid

Since th e choice of analytical me thod for blo od uric acid af­
f ect s. the r elat ive ma gnit.ade of the .values obtained , blo od
samples f ro rJlt 9 men and 1.f women l 'S to 40 years of age whe
analyzed })y- the method adopted for eompar ison with the
samples from th e olde r sub.i~~. The mean for th ese 23 young-
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er pe~lc was 2.53 mg ~ for 'the nsen and ~.33 fo r the women
with a to tal r~ngc of 2.0 to 3.1 (table 3). The mean for the
116 olde r men was 3.2~ and fo r the 137 older .women 2.98 with
a range llf 1.4 to ;'.5 mg '10 . The mert, in nearly a~roups up to
7(; year s of ~gc , lIlad high er blood ur ic acid I vels than the

TAB L E 3

Uric acid, e_ t iltine and uric ~id : creatinine ratios in serum of me. and -.nfwn
18 t o 40 and over 50 years of age

UR IC AC I D CREAT I NI :NE
AGE

NO .
URIC ACID :

OROUP Stand . xo, Stand . CREAT IN I N EMea n Hange «rrcr ~I t'an Ra n g-e error

ure. mg % m g % mg 0/0 m y 70
18- 40
Men 9 2.53 2.2-3 .1 0.13 9 1.27 U - 1.6 0.10 1.99
Wo men 14 2.3 3 2.0- 2.8 0.08 '4 U 8 1.0- 1.8 0.07 1.9 7

50-54
Men 23 3.33 2.1-5.5 0.18 20 1.51 1.0- 2.4 0.0 8 2.20
Women 19 2.92 1.6-5.2 0.21 17 1.38 1.0-2.0 0.0 7 2.11

55~59

Men 21 3.29 1.5-4.4 0.16 18 1.50 U -l .9 0.08 2.19
Women 25 3.03 1.4- 5.1 0.19 21 1.55 1.1- 2.6 0.10 1.95

60-64
Men 12 3.65 2.8-5.2 0.25 12 1.68 1.2- 2.8 0.14 2.18
Wo men 25 3.03 1.7-4.4 0.15 22 1.51 1.1-2.2 0.07 2.00

65-69
Men 21 3.25 1.8-4.4 0.17 16 1.58 U - 2.5 0.11 2.05
Wo men 28 3.06 1.6-5.5 0.17 27 1.47 0.6-2.3 0.08 2.08

iQ- 74
Men 15 3.17 1.9-4.9 0.24 14 1.41 0.7-2.2 0.12 2.25
Women 24 3.16 1.. - 4.5 0.16 23 1.49 0.8-2.6 0.10 2.12

75-79
Men 13 2.86 1.4-4.1 0.19 9 1.41 0.8-1.8 0.12 2.03

Women 11 2.48 1. ~-3 .8 11.19 11 1.6 7 1.3- 2.2 0.09 1.48

80 +
Men 11 2.93 2.0-3.9 ~1 8 9 1.60 1.3- 2.2 0.13 1.83

,Vomen 5 2.40 1.7- 2.9 0.21 5 1.42 1.0- 2.7 0.09 1.69

A'Il, 50-80 +
Men 116 3.24 1.4- 5.5 0.19 98 1.53 0.7-2.8 0.11 2.12 ± 0.02

Wo men 137 2.98 1.4- 5.5 0.18 126 1.50 0.6-2.7 0~8 1.99 ± 0.02
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women although the dif\eren~s were not aJways significant.
After 75 years o f age th e levels in both men and women de­
creased. 'I'hedist ri bution of th e uric acid levels is shown in
figure 4.

~orrelationSt of ~hese levels with ~rotein, fat and ascorbic
acid intakes were attemptecf but none were positive except
that bet-ween di etary protein and blood uric'ucid levels in the
men (fig.~.

The lavel of blood uric acid has been shown to rise marked­
ly with.extremel~ large fat int~1):es (Harding et al., '25) pos­
sibly due to ketosis. This is accompanied by decrease in uric
~cid oxcretion. Increa se in protein intake at lea st te1!rporarily
increases uric acid output with decrea se in circul~ level
(Folin et al., '24 ) . The declining renal clea rance known to
occur in old a'~e (Shock, '52) n~y account for the failure of
cus tomary fli:h fat intake to produce any marked effect on the
se rum uric ac1d level or of high protein intake to reduce that
level. ~he positive cor re la t ion between uric acid levels and
protein intakes in th e men may well he due al so to th e det erio­
ration of the kidney circulation.

It has been r eported previously (Praetorius, '51) that men
had higher plasma uric acid levels than women but that aging
exerted no con sistent effec t. Gertler and Oppenheim er ('53)
confirmed th e difference due to sex. In both of th ese studies
th e method used for uric acid anliysis y ielded cons istently
higher values than ~hat ul ed in ';his study and th e differences
in mean serum uric acid levels due to sex were aliso gre a te r.

C. eatinine
The blood cre a tinine le~ls ill the old er men and women

were higher than in rhe young adults. No difference due to
eithe r sex or age could be di scerned among the old er subjects
but the 23 young adult s ha~ significantly lower levels (tab le
3) . The di stribution is shown in fi~ure 6. The range for blood
c~atinine quo ted by F olin and Svedb erg ( '30) wa s 1.07 to
L45, mean 1.18. mg ro , in 19 young adult s. Hammett ('20)
found 1.3 mg ro'as th e mean i~ ~O t ests on blood ftltrates of 9
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young ad ults. The true cJeea ti:n'i.ne v~lues in plasma 0.. ser um
are generally lower thlMl in who re blood filtr~t~s such as were
used in this study because of the presence of non-creatin ine
tl1lromogen~]: the cells. .,

No correlat ion of cre a ti nine with protein i]~ake was se en
in any group .

(/)
Q)
(/)

o
Q

.....
c
Q)
o
'-

cf.

30
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,....-

alb- - "--

,....-

-

10 ,....-"--- -
- - n
<1.0 1.50 2.0 >2.25

1.25 1.75 2.25
<1.0 1.50 2.0 >2.25

1.25 1.75 2.25

Creatinine, Mg. Percent
Fig. 6 Th e di stribution of blood cre a t inine levels.

Uric acid '0 creatinine ratios

Since blood cre at in ine lev'ls an' m01~ lik ely to remain
constant urtd er va ryiug dietary conditions ; a s well as in reital
impai rment, than are uric acid levels, the ra tio-of th ese levels
might provide an additional index of protein metabolism antI
renal func tion. T~is ratio ~roved to be close to 2.0 in all
gro ups (table 3). After th e age 01 75 however a drop in th e
rario occurred in both men and wom en du e chiefl y to th e de­
cre ase in uric acid.

A ZCwninuri(l"

There were 24 men and 23 women who se urines showed some
albumin, 16 with traces and ~ J. with definite precipitates. No
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relatiogship to Rerum pratein ~vel eould be d etected although
18 of th e men a Q.d 10 of th e women had " .5 gm roor more total
serum protein. This wa s a significantly hi gh er p ropor tion of
men with this se rum prot ein level than wa s founp in th e en­
tire g roup. TIhe propor ti on of wom en wi th trtis level and
albutniauria wa s some wha t 1ess than the total average for
women . No r elationship ~ albuminuria to n onprot ein ni tro­
gen, uric wict or crea tixine blood levels wa s see n ion efltl'te r
men or ~'omen.

SUMM~.RY

The tMal ser um prot ein levels were det ermined in 573 men
and women over 50 yea rs of age and th e nonprot eilr Jili'ogen,
uric ac id and cre a tinine levels in th e blood of 255 of th ese.
Seven-day cli e~ r ecords ru -d ph~cal examina tions were al so
recorded.

T he av erage se rum prote iu level was 6.47 + 0.06 g'm% in the
men and 6.44 + 0.05 in the women. The range was 5.2 to 7.4,
bu t about 90% of all values fell between 6.0 and 7.0. These
levels are 10 to 1570 lower tha n th ose usually quoted fo r yo ung
adult s. No correlation with protein intak e was fo und nor was
there any age or sex di fference but th ere was some posit ive
r elati onship to hem. :~' l ob i Jl levels.

T he blood nonprot ein nit! ogcn wa s grea ter in th e men
th an in the women, ~)8 +J.4 and 3-:1- +1.2, but af te r 70 yea r s
this difference was ~lO t s· niflca1k In th e men but not in the
wom en thc nonprotein 'n it rogen levels were .posit i" ely cor r e­
la ted with protein int.. kc, The mean levels were about 40%
h\g'hc~ than those usually round in youn g adults. The blood
uri c acid levels were al so hrghcr kn men than women but af te r
70 years th e differnncbs wef e less marked and th e levels de­
cre ased . The mean values 3.24 + 0.19 m g 70 in men and 2.98 +
0.18 in women were 2870 largcr than th ose f oun d hy th e same
method in a group of y oung men and wom en , 2.;);) and 2.33
m~% . T'here wa s no cor re la t ion wish the fa t i n t:l~(, hu t a small
po si tive cor re la.tion wi th protein in tak e in the men hut not in
th e women.
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The blood cre aJ;inine levels ,t er e I\Pt l:tffected by sex or age.
The mean va lues were 1.53 -t- ~.11 and 1.5t ~ 0.08 m g70 for
men and wome n resp ectively. N0 correla tion with protein
in take coulQ be detected. These levels are 20 to 30% higher
than tho se usuall y quotgd for young ad ult s o. for the group­
of 23 young people examined 1\1 thi s st~~y, 1.2. ±0.1O' and
1.18 ± 0.07 mg % for young men and women respectively.
~e data sugges t gre ate r respo nse of the I'! it~gen meta­

bolism .to dietary protein in older men than in women or
gradual fa ilure of kid ney function which is mor e ma rked
in the men.
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