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Effect of Phthalylsulfathiazole on Growth and Reproduction of 'Rats 
Fed a Soybean Protein Ration.* (18097) 

M. 0. SCHULTZE 
From the Division of Agricultural Biochemistry, University of Minnesota, S t .  Paul, Minn. 

The possibility of an improved performance 
of animals consuming bacteriostatic or bac- 
tericidal agents was clearly visualized and 
expressed by Moore et aZ.( 1) .  They observed 
increased weight gains of chicks when strep- 
tomycin or sulfasuxidine were added to a 
purified ration. More recently, Stokstad and 
Jukes(2) found that the feeding of aureomy- 
cin to chickens stimulated their growth. Sim- 
ilarly, marked increases in weight gains of 
pigs fed plant rations have been reported as 
a result of the addition of aureomycin(3,4) 
and of streptomycin(5) to these rations. 
While the reasons for these effects of the 
antibiotics are at  present largely a matter 
of conjecture it is quite possible that their 
beneficial effects are intimately related to 
their action on the microflora of the intestinal 
tract. 

Miller (6 )  and Kon ( 7 )  have reviewed much 
of the evidence which supports the view that 
insoluble sulfonamides, including phthalyl- 
sulfathiazole (PST) exert their effect on the 
animal organism primarily through modifica- 
tion of the intestinal flora. A temporary(8) 
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or more permanent (6,9) depression of the 
number of coliform organisms in the intestine 
can apparently be compensated by an in- 
crease in other species so that the total bac- 
terial count may not be reduced(6,8). The 
depression of growth ( 10) , the granulocyto- 
penia and leucopenia ( 1 1 ) , the interference 
with reproduction ( 1 2 )  and lactation of rats 
(13) caused by sulfonamides can be over- 
come by feeding sufficient quantities of folic 
acid with the diet. With an adequate intake 
of folic acid and biotin the growth( 10,14,15) 
and reproductive performance of rats are not 
impaired ( 16). In  fact, improved growth per- 
formance of rats maintained on adequate 
natural or purified diets containing insoluble 
sulfonamides has been observed ( 10,15,17 ) . 
However! Jones et aL(l8) reported that the 
growth depressing effects on rats fed rations 
containing 5% of sulfasuxidine could not be 
completely overcome by folic acid unless 
liver extract was also supplied. Recent ob- 
servations made in this laboratory in con- 
nection with another study( 19) provide 
evidence for the favorable effect of a bac- 
teriostatic compound on the nutrition of a 
mammalian species. In the experiment re- _---____--__-_____- 
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TABLE I. Effect of Plitlialo~lsulfathi:~zole 011 Growth, Reproduction, and Acute Uremia of 

Basal ration 
Basal ration + 2% PST 

109.9 +_ 4.9+ 114.1 +- 3.6" 

the Se~rborn .  

~ - - ________ ~ - ~ _ _ _  ~ 

KO. of female rats 15 15  
G weeks post \yeailing n t  gain ( g )  
KO. of sterilc fciiiales 0 1 

No. of litters born d i r e  37 26 
RIean No. of young horn per litter 

No.  of pregnancies 38 t 26 t 

70 of young born dead 5.0 1.0 
Mortality of young 0-4th clay qc 37.2 6.1 
hlortality of ?-oung 0-2lst  day % 33.1 32.9 
Incidence of acute uwniia of newborn; qc of litters 
Mean KO, of young n-eaiwd pe r  litter survi\-ors 

Litters wit11 6 or moi-e young at 2 1  days 

7.03 -t. 0.40" 7.65 -I 0.59" 

35.1 
2.2 4 0.49" 

34.1 -+ 0.42' 
13  11 

0 
5.7 3- 0.51% 

36.5 k 0.45* Mean 4 1  da3- x t  per suiriT-or (g) 

Mean S o .  of young in tlicse litters 6.8 8.2 
Veaii wt cli~iigc of mothc1i.s during lactation (g) -1.2 3- 3.0" $14.6 -+ 3.3" 

- _ _  -- - ~ -  --____ _ _ _ ~  
++ Staiidard ei'ror of tho  incan. 
t The larger iiunilxr of l ) ~ e g n a n ~ i e s  011 the basal ration is due to the fact that  1 4  litters died 

within 96 houm af te r  birth and their niotlicrs TTere immediately bred again. 

ported in the present paper phthalylsulfa- 
thiazole (PST) was fed to rats maintained 
on a ration containing a commercial soybean 
protein and DL-methionine as the sole source 
of dietary amino acids. The effect of such 
a regime was evaluated by observations on 
postweaning weight gains. on the reproductive 
performance and on the incidence of "acute 
uremia of the newborn"( 20) among the litters 
produced. 

Experimental. The basal ration (Ss) used 
has been previcusly described ( 19).  I t  con- 
sisted of a commercial soybean protein 
( Archer-Daniels-Midland Co.) ! DL-methio- 
nine, sucrose, hydrogenated vegetable oil, 
corn oil, salts and suitable supplements of 
all available vitamins except ascorbic acid 
and vitamin B12. In the ration of half of 
the animals 2 %  of PST (Sharp and Dohme, 
veterinary sulfathalidine) replaced an equal 
quantity of sucrose. The rations were fed 
ad libitum. The rats used for these experi- 
ments were F.7 or F3 generation offspring 
from mothers maintained continuously on the 
basal ration. Carefully matched littermate 
females were divided at  21  days of age into 
2 groups and fed the rations referred to 
above. The rats were housed in groups of 
3-4 animals in cages with raised wire screens. 
When the females were 10 weeks old they 
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were bred with males maintained on the 
same rations. Shortly before parturition and 
during lactation the females were transferred 
to individual cages containing clean wood 
shavings. After weaning or loss of a litter 
the rats were returned immediately to the 
breeding cages. The experiment was termin- 
ated when most of the females on the PST 
ration had weaned 2 litters. 

Results and discussion. The data sum- 
marized in Table I suggest that the addition 
of 27% of phthalylsulfathiazole to the ration 
of these rats supported better performance 
by every criterion applied. However, the 
differences in favor of the ration containing 
the bacteriostatic compound are statistically 
significant (P<O.O5) only with respect to 
the incidence of acute uremia of the newborn, 
the 21  days weight of the young and the 
weight change of the mothers during lacta- 
tion. 

The most striking effect of the addition of 
PST to the basal ration used in this experi- 
ment was the elimination of the syndrome of 
acute uremia of the newborn. This condition 
was encountered in the group consuming the 
basal ration with about the same incidence 
as in other, more extensive experiments ( 2  1). 
While the etiology of acute uremia of the 
newborn is not clear the syndrome can be 
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largely prevented by the feeding of materials 
known to be high in vit. B12 activity(21) to 
the mothers or by injection of vit. B12 into 
the young(20). The results presented in 
Table I could therefore be interpreted as 
indicating that in the presence of PST the 
intestinal flora was altered so that micro- 
biological synthesis of vit. BI2 provided the 
maternal organism with a supply of this com- 
pound sufficient to prevent the appearance 
of the external symptoms of acute uremia 
in the newborn rats. Since absolutely speci- 
fic methods for the determination of vit. BIZ 
are not available a t  present a decision as to 
whether microbiological synthesis of vit. BIZ 

was in fact responsible for the beneficial ef- 
fects of PST reported here must be held in 
abeyance. The components of a ration may 
have a marked effect on gastrointestinal syn- 
thesis of vitamins(22). Thus, it has been 
reported(23) that the feces of rats main- 
tained on an all plant ration were persistently 
negative for vit. B12 activity while those pro- 
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duced on a casein ration contained vit. BIZ 
activity. In  this connection it might be 
pointed out that the ceca of the rats con- 
suming PST were in this experiment always 
found to be greatly enlarged compared to 
those of animals consuming the basal ration. 
This was observed even in 2 1-day-old wean- 
ling rats which had consumed the ration for 
only a few days. Baxter( 17) has recorded a 
similar observation. 

Summary. The feeding of 2 7 0  of phthalyI- 
sulfathiazole to rats maintained on a purified 
ration containing a commercial soybean pro- 
tein and DL-methionine as the only source 
of amino acids produced no depression of 
growth; it supported better reproductive per- 
formance and no cases of acute uremia of 
the newborn were observed among about 208. 
rats. On the basal ration, acute uremia of 
the newborn occurred in 35% of the lit- 
ters born. 
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Abelin( 1) showed that after feeding 
starved rats a high carbohydrate diet, an in- 
crease in liver glycogen accompanied a 25% 
reduction in adrenal cholesterol. He sug- 
gested that the rise in blood sugar may have 
stimulated the pituitary to secrete ACTH, 
which caused a release of adrenocortical hor- 
mone, and this, in turn, stimulated liver gly- 

adrenal hypertrophy in rats which died as a 
result of an excessive carbohydrate diet. Sim- 
ilar results were reported by other workers 
(3 ,4) .  Hypophysectorny caused a decrease 
in the muscle glycogen of rats, but the gly- 
cogen level was restored to normal upon the 
administration of anterior pituitary extract ;;. 
however, pure ACTH was without effect( S).. 

cogenesis. In&e ( 2 )  was able to demonstrate -__ 
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