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urinary origin was injected into groups of 
rats of various ages, after which both meas- 
urements of total circulating red cell volume 
and Fe59 red cell incorporation were made. 
Total red cell volume of young rats through- 
out the period of neonatal anemia did not in- 
crease in response to administration of eryth- 
ropoietin, whereas it did increase in all older 
groups. According to this assay, the rat 
most sensitive to erythropoietin was the old- 
est rat studied. Using the Fe’l!’ red cell in- 
corporation assay, no increase in erythropoie- 
sis was observed in normal young rats (14 
days of age) following erythropoietin admin- 
istration. However, when erythropoiesis was 
depressed in young rats by hypertransfusion. 
red cell uptake of FeS9 was greatly reduced. 

When such hypertransfused rats were in- 
jected with erythropoietin, red cell incor- 
poration of Fe50 was significantly increased. 
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Organic Acid Excretion, Enhanced CQlcium Absorption and Body Fat 
of Rats Fed Incompletely Digested Carbohydrates.” (26411) 
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W y e t h  Iizstitirte for Medical Research, Radnor, Pa. 

A relatively low content of body fat has 
been found in rats fed diets containing the 
incompletely digested carbohydrates, lactose, 
sorbitol, cellobiose or raw potato starch ( 1 ) . 
The mechanisms involved are not known. 
Other characteristic effects associated with 
feeding of poorly digested carbohydrates in- 
clude an initial transient diarrhea, enlarge- 
ment of the cecum, establishment of an aci- 
duric bacterial flora in the intestine, and en- 
hanced gastrointestinal absorption of calcium 
and other alkaline earth elements(2). Re- 
cently Fournier and Digaud(3) have re- 
ported an increased urinary excretion of U- 

ketoglutaric, citric, aconitic, malic and suc- 
cinic acids but not of pyruvic or hippuric 
acid. The present study investigated the 
possibility that the increased excretion of 
acids of the Krebs cycle is a consequence of 
metabolic alterations that result in a de- 
creased deposition of body fat. 

* The authors gratefully acknowledge the techni- 
cal assistance of Mrs. N. Stanton, Miss L. D’Amato, 
Messrs. L. Cook and B. Halpern. 

_____ - _. . - - - - 

Methods. Male weanling Sprague-Dawley 
rats, individually caged, were fed diets whose 
basal composition consisted of casein 24, car- 
bohydrate 52, fat mixture 20, salts 4 and 
adequate amounts of vitamins ( 1 1. Twenty- 
four hour urine samples were collected under 
toluene. Body fat content was determined 
by whole carcass analysis( 1) or estimated 
from the weight of the qididymal fat pads. 
The weight of the cleaned cecum was deter- 
mined as an index of the digestibility of the 
dietary carbohydrate. Total organic acids 
in the urine were determined by the method 
of Van Slyke and Palmer (4). As this method 
is not specific, determination of keto acids 
by the simple and rapid method of Friede- 
mann and Haugen(5) was routinely used to 
follow the effect of dietary carbohydrate on 
organic acid excretion. The organic acids 
were identified by silica gel chromatography. 
A 1 O-fold concentration of lyophilized urine 
in 2 N H2S04 was mixed with an appropriate 
amount of dry silic acid and placed on top of 
a column prepared, and then eluted, by the 
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procedures of Dajani and Orten (6) .  Urinary 
Na, K and Ca were determined by standard 
flame photometric procedures; Ca was first 
separated as the oxalate. Mg was determined 
colorimetrically (7). 

Rats fed a diet containing lac- 
tose excreted 3 to 4 times more organic acids 
than those fed a glucose diet. Values of 0.89 
and 0.84 meq/100 g/day were found for lac- 
tose-fed rats a t  the second and ninth week 
of feeding. At  these same periods the glu- 
cme-fed animals excreted 0.26 and 0.22 meqJ 
100 g/day. Excretion of organic acid, ex- 
pressed as keto acid, was constant in terms 
of body weight during the first 9 weeks of ex- 
periment; keto acid excretion of the lactose 
group fell in the range of 6.8-10.3 mg/lOO g/ 
day, the glucose group 1.7-2.9 mg/100 g/day. 

Fractionation of urine on silk acid col- 
umns revealed that the predominant organic 
acids were citric, a-ketoglutaric, succinic and 
f umaric acids, confirming the obervations of 
Fournier and Digaud(3). A typical chro- 
matographic profile of a urine sample from 
a lactose-fed rat is presented in Fig. 1. No 
qualitative difference was noted in the or- 
ganic acid pattern of urine from lactose and 
glucose-fed rats although positive identifica- 
tion of all of the 9 or 10 peaks usually found 
was not attempted. 

The relationships between the digestibility 
of the dietary carbohydrate, organic acid ex- 
cretion and body fat content itre presented in 
the experiment outlined in Table I. Rats 
fed the readily digested and absorbed carbo- 
hydrates, sucrose, glucose and galactose, ex- 
creted relatively small amounts of organic 

TABLE I. Dietary Carbohydrate, Body Fat anti 
Organic Acid Excretion. 

Resuh.  

Cecum Keto acidt Body fat 
Carbohydrate (g/lOO) (mg/day) (%I 
Glucose .22 3.1 k .2$ 14.2 k .6: 
Sucrose 2 4  3.5 & .1 13.0 & .4 
26% galactose" .23 2.7 .2 13.3 k1.7 
Lactose .74 10.9 2 .9 9.8 2 .G 
15% cellobiose* .58 5.1 k .7 9.8 .ti 
26% raw potato .65 8.9 k .3 10.8 & .5 

starch* 

6 wk experiment, 7 rats/group. 

t Avg of 4 daily averages during 2nd to 6th wk. 
i: A S.E. 

Glucose added to 52% total carbohydrate. 

Oa4 F CITRIC 1 
w n 9  L .I 

2 I a-KETOGLUTARIC! 1 

ml ELUATE x 
FIG. 1. Silica gel chromatogram of urinary or- 
ganic acids of lactose-fed rat. 2.2 ml of 10-fold 
concentrated urine on column 2 X 28 cm, gradient 
elution, CHC1, to 45% ter-amyl alcohol in CHCI,, 

1 liter each solvent. 

acids and had more body fat than rats fed 
the incompletely digested carbohydrates, lac- 
tose, cellobiose and raw potato starch. In 
every case the differences in body fat con- 
tent and acid excretion between the readily 
digested and the incompletely digested car- 
bohydrates were of statistical significance, 
p = 0.05 or less (Student's t test). 

The increase in organic acids in urine of 
the rats fed incompletely digested carbohy- 
drate did not appear to originate from the in- 
creased numbers of bacteria in the intestinal 
tract, since feeding of antibiotics did not 
lower keto acid excretion. Addition of 50 
mg of chlortetracycline or a combination of 
200 mg each of bacitracin and polymyxin B 
to a kilogram of the lactose diet resulted in 
an average excretion of 20.4 mg/day and 
17.1 mg/day of keto acids respectively as 
compared to 20.9 mgiday excreted by a con- 
trol group. T t  had also been observed(8) 
that supplementation of a lactose diet with 
chlortetracycline did not influence body fat 
con tent . 

The increase in urinary organic acid during 
a metabolic acidosis is characterized by a 
concomitant increase in ammonia. Rats fed 
lactose-containing diets excreted less am- 
monia than glucose controls; 3.9 vs. 5.9 mg 
ammonia N/100 g/day in a typical experi- 
ment. The urinary pattern was more sug- 
gestive of a compensated alkalosis and since 
it is well known that the feeding of lactose 
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TABLE II. Uriiiary Escretion of Anions :uid Ca- 
tions. 

Lactose Glucose 
Coiist.itueiit (meq/day ) (ineq/day ) 

Na .35 
K .99 
C:l .52 

.08 
1.02 

.22 HPO, 
SO, .13 
Organic w i t 1  2.21 
Keto acid .r‘1 

gg 
.30 
.74 
.03 
.04 
.7 l  
.46 
.08 
.18 
. ( I 3  

Arg of 3 c1:iily :irw;iges o f  3 r;rts/groiip :iftcv 5 
w k  on diet. 

will stimulate gastrointestinal absorption of 
calcium and other alkaline earth elements 
( 2 )  i t  seemed likely that the increased or- 
ganic acid excretion was the result of a 
renal mechanism for neutralization of the ad- 
ditional calcium excreted. The increased ex- 
cretion of organic acids, particularly citric 
acid, resulting from administration of alkalin- 
izing salts, has been extensively studied in 
the rat(9-13). 

An analysis of the principal ionic constitu- 
ents of urine samples from lactose and glu- 
cose-fed rats (Table TI) yielded data in ac- 
cord with this concept. Urine from tile lac- 
tose-fed rats contained about 15 times more 
calcium, with little difference in the content 
of the other cations. Of the anions, only the 
organic acid fraction was correspondingly in- 
creased. 

The results of feeding tests (Table 111) of- 
fered further evidence that the increase in uri- 
nary organic acids was involved in acid-base 
balance. In Exp. 1, excretion of organic acids 

TABLE 1TI. Eflchct of l)it*t:iry 

FAT, ACID EXCRETION 

was shown to be directly related to salt con- 
tent of the diet. Increasing or decreasing the 
salt content, irrespective of the nature of car- 
bohydrate, resulted in a corresponding 
change in organic acid excretion. In Exp. 2 
it was demonstrated that the effective in- 
gredient of the salt mixture was CaCO,; 54% 
of the Hubbell, Mendel, Wakeman salt mix- 
ture(l4) is CaCO::. Addition to the diet of 
CaCl?, a calcium salt of a fixed anion in con- 
trast to the metabolizable anion, carbonate, 
resulted in an organic acid excretion less than 
that of the control, Exp. 2 ,  Table 111. Analy- 
sis of the urine of the rats led additional 
CaC03 or CaC12, Table IV, showed an equal 

TXRI,E 1V. Eficct of Uietary Caleiiiiii Salts on 
Uriiic Constituents.* 

Ca C1 Keto acid 
S:dt t 7- (nieq/day) .-, 

2.2% CaCO, 1 .O .6 .28 
2.2% CaC12 2.1 2.8 .04 

.16 Soiie - - 

6 rats/groiip, 6 w k  experiment. 
* Avg of 3 daily averages during 5th to 6th wk. 
t Aildcil to diet coiitaiiiing lactose and 2% salt 

1 1  I i s tiircb. 

excretion of calcium but in the rats fed 
CaCl?, with an excess of anion, chloride, to 
be eliminated, organic acid excretion was de- 
pressed. The effect of feeding other alkalin- 
izing salts, i.e., salts of a fixed base and me- 
tabolizable anion, was studied in Exp. 3, Ta- 
ble 111. Sodium citrate and sodium acetate 
greatly stimulated acid excretion ; an equiva- 
lent amount of acetate as triacetin had no 

Salts 011 Orgaiiic Acid Excretion. 

T<cto ;&I (nig/day! * 
Diet c l ~  txctrrjstic. EESp 1 Exp. 2 Esp. 3 

Glucose, 4v0 salt iiiist.irre 
)’ 6% ’) 9 )  

Lactose, 270 ” ” 

’) 47* ’? 

” 6% ” ” 

-t 2.2%, ( ‘ ; I ( ’ (  ):: ” py(, ‘ 9  “ 

.’ 2% * ’  ” + 2.270 L‘:1(’I2 

9 9  

Glucose, 4% ’* ” + 3.6% Ka acetate 
Lactose, 47% ” ” + 3.2% triacetin 

” 4 7 ~  ” ” + 4.3% Na citrate 
” 4ye ” ” + z.so/u Na“l 

- 4.2 
6.7 -- 

11 .G 16.3 
23.0 22.6 
32.9 27.5 
._ r’0.4l 

._ - 45.1 
- 1.5 

-. _ _  40.2 
3.7 

r )  - - . I  

__ 

__ __ 

* Avg of 4 daily averages during 2nd to 6th wk, 7 rats/group, 6 wk esperiment. 
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TABLE V. Noiirelatioiisliip of Body F;I t aid Calcium aiid Acid Excretion. 

Epididymal 
€at body Carcass fat. Keto acid‘ Ca’ 

Di c!t (-ha rav terj w ti c (g/lOo g )  (94) (ineq/day) (Iileq/da;yl 
- Exp. 1 Glucose, 4% salt mixture 2.0 16.6 .04 

Idem + 3.670 Na acetate 1.8 16.7 .6l  
Lactose, 470 salt mixture 1.2 11.6 .21 

Exp. 2 Glucose, 470 salt mixture 2.0 - .08 .of3 
Idem + 670 salt mixture 2.0 - .28 -15 

” + 3.570 Ca. aiid Mg saltst 2.0 - .25 .3 1 

- 
- 

* Avg of 4 daily averages during 3rd to 7th wk. 
t Amounts in 6% total salt. mixture. 

effect. The neutral salt, NaC1, yielded the 
expected low value. 

The continuous excretion of abnormally 
large amounts of organic acids for 6 or 7 
weeks was not in itself responsible for the 
low deposition of carcass fat. In Exp. 1 of 
Table V, rats fed a glucose diet with added 
sodium acetate had a high body fat content 
despite daily excretion of 45 mg of keto 
acid, about twice that of lactose-fed rats. 
Neither was the low body fat  content of the 
lactose-fed rat caused by the increased ab- 
sorption, transport and excretion of calcium. 
In Exp. 2 of Table V, urinary keto acid and 
calcium excretion of rats fed a glucose diet 
was enhanced by increasing the amount of 
the total salt mixture from 4 to 10% of the 
diet, or by adding calcium and magnesium 
salts in amounts supplied by the additional 
6% salt mixture. No difference was found in 
the deposition of body fat  as measured by 
the weights of the epididymal fat pads. 
Discussion. The increased urinary excre- 

tion of acids of the Krebs cycle, observed in 
rats fed diets containing incompletely di- 
gested carbohydrates, is not a manifestation 
of an altered metabolism that results in a 
lowered deposition of body fat but appears 
to be a renal mechanism for neutralization of 
increased urinary calcium, an  increase result- 
ing from enhancement of gastrointestinal ab- 
sorption of calcium by these carbohydrates 
(15,16). The experiments of the present 
study have shown that organic acid excretion 
is influenced by the amount of salt mixture in 
the diet and more specifically, by the nature 
of the calcium salts in the salt mixture. When 
calcium is ingested as calcium carbonate, the 
carbonate is metabolized leaving an excess of 

6 rats/group, 7 wk experiment. 

base to be neutralized by organic acid. With 
CaClZ in the diet, since a major fraction of 
the calcium is excreted in the feces, chloride 
is in excess and renal elaboration of organic 
acid is suppressed. I t  is known that organic 
acid excretion plays a more dominant role 
in acid-base balance in the rat than in man 
(12)  ; little bicarbonate is found in rat urine. 
The renal origin of these acids has been in- 
dicated by the findings of several investi- 
gators that, with the injection of alkalinizing 
salts, an increase of citrate is found in renal 
tissue and urine but not in blood ( 10,ll) and 
recent evidence( 13) further suggests that the 
excretion rate of citrate, and probably all the 
acids of the tricarboxylic acid cycle, is de- 
pendent not on renal-tissue levels but on 
renal acid-base balance. 

The results of the experiment presented 
here offer no enlightenment on the nature of 
the relationship between carbohydrate diges- 
tibility and body fat content. Attempts to 
reduce the body fat content of glucose-fed 
rats by inducing a urinary excretion of or- 
ganic acid by feeding sodium acetate, and of 
calcium by increasing the salt content of the 
diet, had no effect on fat deposition. 

Summary. 1. Rats fed diets containing 
the incompletely digested carbohydrates, lac- 
tose, cellobiose and raw potato starch, ex- 
creted larger amounts of organic acids and 
had a lower content of body fat than rats fed 
glucose, sucrose or galactose. 2. The pre- 
dominant urinary organic acids were identi- 
fied by silica gel chromatography as citric, a- 
ketoglutaric, fumaric and succinic acids. 3.  
Organic acid excretion could be increased by 
increasing the amount of dietary salt mixture 
or by adding CaCO:% but not CaC12 to the 
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diet. 4. This latter finding, in conjunction 6. Dajani, R. M., Orten, J. M., ibid., 1958, ~ 2 3 1 ,  ... 

with the results of urinary analysis bf ionic 
constituents, indicated that the increased ex- 
cretion of organic acid is not a consequence 
of an altered metabolism that decreases body 
fat deposition but is a renal acid-base mech- 
anism for neutralization of increased urinary 
calcium, an increase resulting from the en- 
hancement of gastrointestinal absorption of 
calcium by incompletely digested carbohy- 
drat es. 
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Leucinaniidase Activity Associated with Influenza-Parasite Complexes 
in Pigs." (26412) 

GEORGE A. YOUNG, KORMAN R. CNDEHDAHL AND GEORGE Mi. KELLEY 
(With technical assistance by Kenneth Mattheis) t 

Department of Veterinary Science, University of Nebraska, Lincoln 

Activity of amico acid amidases is in- 
creased in homogenates prepared from bovine 
kidney monolayered tissue cultures when in- 
fected with the virus of infectious bovine 
rhinotracheitis virus. Leucinamidase was the 
most active of the 5 enzymes studied(1). 
Amide-N15 from either leucinamide or gluta- 
mine was incorporated into cellular nucleic 
acid in both normal and virus infected cells 
but activity was greater in the infected cells 
( 2 ) .  Studies have been extended to evalua- 
tion of serum leucinamidase activity in pigs. 
The enzymic activity in serum of pigs which 
were infected with swine influenza virus, As- 

* Published with approval of the Director as 
Paper No. 1096, Journal Series, Nebraska Agri. Exp. 
Station. Research supported in part by Nat. Inst. of 
Allergy and Infect. Dis. 

t Undergraduate Research Fellow, Nat. Science 
Foundation, Summer, 1960. 

caris suum, and lungworms (Metastrmgylus 
pudendotectus and N. apri) which harbor in- 
fluenza virus is herein reported. 

Materials and methods. One week- 
old pathogen-f ree, colostrum-deprived pigs 
housed in modified Horsfall-Bauer isolation 
units as previously descriabed were used as 
the experimental host ( 3 ) .  Eight littermate 
pigs were utilized in pairs for each of 4 ex- 
perimental conditions. These were: 1 ) Un- 
inoculated controls; 2 )  Inoculated with 
Shop's strain 15 of swine influenza virus; 3)  
Fed infective eggs of Ascaris suum; and 4) 
Fed infective larvae of swine lungworms orb 
ginating from influenza-infected pigs. Fifteen 
days after the lungworm larvae were given 
to the pigs Ascaris eggs were fed to provoke 
the masked influenza virus( 4).  Methods 
used for preparation and inoculation of virus 
and parasites(5,6,7) and for evaluation of 


