
AUREOMYCIN AND BI2 REQUIREMENT 75 

Therefore, appearance of serum inhibitors 
cannot be considered by itself as evidence of 
infection with a member of the EM@ group 
of viruses. As a matter of fact, the failure 
of human sera ‘to neutralize the virus seems 
to prove that the inhibiting capacity is not 
due to the presence of specific antibodies and, 
thus, to exclude definitely the assumption of 
EMC virus as an etiologic factor in the cases 
in question. The inhibitor found might still 
be an antibody, although heterologous, or it 
might be a non-specific substance appearing 
in the blood in connection with disturbances 
of ithe central nervous system. This question 
will be the subject of future experiments. 

Summary. 1. Hemagglutination of sheep 
red blood cells by the Col-MM strain of the 
EMC virus was inhibited by polyvalent 
anions, the inhibitor titers (HI-titers) of the 
different negative ions being roughly propor- 
tionate to their net electrical charge. 2. 
Whereas the HI-titer of specific antibody was 
inversely proportionate to the amounts of 
virus, indicating a stoichiometric combina- 
tion of virus and antibody, the HI-titers of 
sodium hexametaphosphate (6-valent anions) 
were only slighltly influenced by the quantity 

of virus added. The order of mixing of the 
reactants was of great importance for the 
serum inhibition but without effect on the 
activity of hexametaphosphate. 3. The strong 
hemagglu tination-inhibiting effect of sodium 
hexametaphosphate was not paralleled by any 
virus neutralizing activity. 4. A standard 
serological HI-test, based on the results of a 
study of the Col-MM virus hemagglutination, 
is described. Applied on 569 human sera, 
this method gave a high incidence (12.5%) 
of strongly positive hemagglu tination-inhibi- 
tion titers among 384 sera obtained from pa- 
tients showing distinct involvement of the 
central nervous system. Weakly positive re- 
actions were encountered in 14.3%. A con- 
trol group, consisting of 146 sera collected 
from healthy humans showed only 0.7% 
strong and 11% weak reactions, while 39 sera 
from patients with various ailments but ap- 
parently free from neurotropic infections were 
negative throughout. 5. Even strongly in- 
hibiting human sera failed to neutralize Col- 
MM virus in animal experiments. 
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I t  was reported by Stokstad and co- 
workers(1) that the growth of vit. Biz- 
deficient chicks was increased by the 
addition of a crude supplement prepared from 
fermentation with Streptomyces aureofaciens. 
The presence of vit. BIZ and BIzb in this 
fermentation was subsequently demonstrated 
( 2 )  and it was shown that the supplement 
also contained aureomycin which was found 
{to increase the growth rate of chicks on diets 
either adequate(3,4) or deficient( 5 )  in 

1. Stokstad, E. L. R., Jukes, T. H., Pierce, J., 
Page, -4. C., Jr., and Franklin, A. L., J .  B i d .  Chem., 
1949, v180, 647. 

vitamin BIZ. I t  thus became evident that 
either aureomycin or vit. B12 would produce 
a growth response in chicks on an all-vegetable 
diet and some evidence was obtained(5) 
which suggested that aureomycin had a spar- 

2. Pierce, J. V., Page, A. C., Jr., Stokstad, E. L. R., 
and Jukes, T. H., J .  Am. Chem. Soc., 1949, v71, 2952. 

3. Stokstad, E. L. R., and Jukes, T. H., PROC. 

4. Whitehill, A. R., Oleson, J. J., and Hutchings, 
B. L., PROC. Soc. EXP. BIOL. AXD MED., 1950, v74, 11. 

5 .  Stokstad, E. L. R., and Jukes, T. H., Paper pre- 
sented a t  117th meeting of Am. Chem. So’c., Phila- 
delphia, Pa., April, 1950. 
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ing action on the requirements of the chick 
for vit. B12.  I t  seemed of interest to inves- 
tigate more fully the effect of aureomycin on 
the vit. B12 requirement of the chick. 

Methods.  Chicks (Barred Rock s S e w  
Hampshire) were obtained from eggs laid 
t 1 ~ 7  hens on a corn-soybean-alfalfa diet as 
described previotisl\-(l) and were fed the ex- 
perimental diets immediately. The chicks 
were markedly deficient in vit. BI2.  but the 
severity of the deficiency varied from month 
to month as indicated by variations in rate 
of growth of chicks on the basal diets. Such 
variations are probably reflections of dif- 
ferences in the extent of carry-over of vit. B1, 
from the hen through the egg to the chick. 
This carry-over may change although the 
diet fed to the hens is kept constant, for it 
has been shown that vit. BI2-like factors are 
produced by microorganisms which are pres- 
ent in the feces(6) and coprophagy by the 
hens may be presumed to occur. The  produc- 
tion of such factors in the litter of the hen- 
house is apparently influenced by the en- 
vironmental temperature ( 7 ) .  Basal diets 1 
( 307: soybean meal) and 2 ( 70% soybean 
meal) which were supplemented with min- 
erals, 0.3 DL-methionine and vitamins in- 
cluding 0.2% choline chloride have been 
previously described ( 3 ) . ;lureomycin HC1 
was recr>-stalli.zed either twice or thrice be- 
fore use.k Tts vit. B,, content was found to 
be less than 0.2 p g  per g by microbiological 
assay with Lac to  hucillus leichniunuii. f - in  
assay oi a sample with Eziglcnu grucilis indi- 
cated tnat the content was 0.1 p,g ppr g ac- 
cording to a conimanication from Dr. IT. J. 
Ro!,hin.i. Solutions of vit. B1: for addition 
to the diets were prepared from crystalline 
compound and were standardized spectro- 
photometrically a t  261 mu. ).: I f  = 203. 

. lVc4glicd nt  25 d:cys. Dipt 2 (70% soybean 
nirxl) TWS used in Exp. 1, 2, 3, azid 4, and diet 1 
(:j(tyG w , v i ) ( ~ a i i  me:rl) in Ikp. 5. 

Resirlts. Yarious experiments were made in 
which graded levels of vit. Bls were fed to 
chicks in the presence and absence of aureo- 
mycin. The  results, summarized in Table I, 
show the growth increases produced by aureo- 
mycin a t  different levels of vit. B I Z .  -4 spar- 
ing action of aureomycin on vit. BIZ was 
noted in some experiments, such as Esp. 2, 
but not in others. I n  Exp. 6,  Table 11. 10 
pg of vit. BIZ in the presence of aureornycin 
gave almost the maximum response obtained 
with the vitamin but in the absence of aureo- 
mycin, 50 pg of vit. BI-, per kilogram of diet 
produced a markedly greater response than 
10 p g .  

;2ureomycin often produced little or no 
growth response but markedly decreased mor- 
t d i ty  in chicks when on the basal vit. B1,- 
deficient diet or when inadequate levels of 
vit. Bl, were added. The chicks a t  hatching 
were markedly deficient in vit. B 1 g  due to the 
fact that they were obtained from eggs laid 
by hens which were on a diet deficient in this 
iritamin. -1 high mortality of such chicks has 
been noted when they are placed on diets 
deficient in vit. B12( 1,s). A summary of all 
experiments pertaining to the effect of aureo- 
nyc in  on the inortality of  vit. B,?-deficient 
chicks is presented in Table TII. It shows 
that in every case the mortality was lower 
m-hen aureomycin was added. Two explana- 
tions are possible for this reduction of rnor- 
taiity. First, aureomycin ma). reduce the 
r q i r e r n e n t  of the chicks for vit. BI2. Sec- 

8.  Bird, F. H., Pcultry Sci., 1950, v29, 314. 
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TABLE 11. Effect of Aureomycin on Growth of Chicks 011 Diet 2 a t  Various Dietary Levels 
of Vit. Biz. 

Basal diet 1 (70% soybean meal) 16  ehieks per group. 

Body wt and survivors (>  a t  25 days” 

X o .  kg diet, S o  auraomyein, g Aureoniycin added, g t due to aureomyciii t 
Xsp. Vit. E12 per I -7 % increase in wt 

7 

s 

6 0 
2 
4 
5 

10  
50 

0 
2 
4 

10  
5 0 
0 
3 
5 

10  
20 

120 ( 6 )  t 11t 
120 ( 6 )  4 9 
201(13) 2 1 8  
203(14)  -+ 20 
227(13)  3 . 2 0  
331(15) 3. 10 
164(15)  2 1 4  

237(15)  t 1 4  
266(15) 8 
294(15)  2 15 

146 (7)  e 19 

253(15)  & 18 
303 (16)  & 14 

220(16)  * 9 

125 ( 2 )  +_ 0 

2 0 0 ( l 0 )  * 23 

132(10)  & 11 
190(14) & 1 2  
240(14)  f 15 

337(16)  16 
357(16)  -+ 1 4  
185(16)  & I 2  

284(16)  5 12  
273(15)  r+ 1 2  
300(1Ci) 3. 1 2  

197(15) 5 1 7  
234(15)  5 18 
309(16)  2 1 6  
347(16)  t 10 

2,60(15) 17  

2?1(16)  2 11 

129 (10)  & 11 

1 0  
58 
19 
28 
4 4. 

8 
1 3  
23 
20 

3 
2 
3 

35 
1 7  
22 
1 4  

jc Arerage ,of 2 g r o u p  of 8 chicks each. 
t Exp. 6 a i d  7, 100 mg of aureomycin; Exp. 8, 50 m g  of aureomycin added per kilo of dicJt. 

v 11 
o f oh s tlr va ti oils. 

ond. the deficient chicks may have a higher 
susceptibility ‘than normal chicks to the clele- 
terious effect of certain microorganisms in 
the intestinal tract, and aureomycin may de- 
crease the number of these organisms. 

The effect of another bacteriostatic sub- 
stance. sulfamethazine, on the requirement of 

T A B L E  FIT. EfYrct of Aureomycin on Mortality 
:tt 1,oi.c. Levels of Vit. B,.,. 

A!hrtalitp a t  2 1  days 
7 

100 nig aurco- 
Ex]). Tit. El, pcr N o  aureo- mycin per kg 
So. kg diet, pg mycin, % diet, % 
1 
3 - 
3 
4 

25 
58 
58 

7 
67 
4 1  
50 
.5 6 
87 
50 

6 
8i 
56 

Avg 50 

8 
8 
8 
0 

16  
8 

3 1  
1 2  
25 

0 
0 

37 
6 

12 

* 50 ing aureoin>-ciii added per kg diet in this 
exup cr im en t . 

chicks for vit. Bls was investigated and the 
results are shown in Table IV. No sparing 
effect of sulfamethazine on the requirement 
for vit. B12 was found nor was a growth- 
promoting effect noted for sulfamethazine. 

I t  was shown by various in- 
vestigators in studies with purified diets that 
the addition of bacteriostatic substances such 
as sulfaguanidine and succinylsulfathiazole 
produced a deficiency in the rat for certain 
water-soluble vitamins such as biotin and 
pteroylglutamic acid. This is usually in- 
terpreted as indicating that rats on purified 
diets are dependent upon their intestinal bac- 
teria as a source of certain vitamins of the 
B complex. The present observations with 
chicks may indicate that under certain cir- 
cumstances the use of an antibacterial sub- 
stance may serve to increase rather than to 
decrease the supply of water-soluble vitamins. 
Moore et a L ( 9 )  reported that a t  marginal 
levels of pteroylglutamic acid the addition of 
succinylsulfathiazole produced a depression of 

9. Moore, P. R., Evanson, A., Luckey, T. D., 
McCoy, E., Elvehjem, C. A., and Kart, E. R., J. 
Biol. Chem., 1946, v165, 437. 

Discu~.~siopz. 
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1! 13 11; (3) 1 1 7  14 

1 4 2  124  ( 3 )  138 -4 
144 ( 9 )  

1;; 169 (10)  1.59 -10 
148 (10) 
2 2 1  (11 1 "03 2 

- 

-2 

1 

growth which may have been due to a de- 
crease in the amount of pteroyiglutamic acid 
which was synthesized by the intestinal bac- 
teria. However, in the presence of an excess 
of dietary pteroylglutamic acid, the addition 
of succinylsulfathiazole produced an increase 
in the rate of growth, perhaps due to the sup- 
pression of certain deleterious intestinal bac- 
teria. The  effect of succinylsulfathiazole in 
depressing growth a t  marginal levels of 
pteroylglutamic acid may be contrasted with 
the effect of aureomycin in improving growth 
a t  marginal levels of vit. B,? in chicks in 
some of the present experiments. The effect 
of aureomycin in producing a hematological 
response in patients with pernicious anemia 
as noted by Lichtman and co-workers( 10) 
may be compared with the effect of aureo- 
mycin in producing a growth response in 
chicks which were receiving an insufficient 
dietary supply of vitamin BIZ* The oral ad- 
ministration of high levels of streptomycin to 
rats was reported by Smith and Robin- 
son( l1)  to decrease the number of E.  coli 
organisms in the digestive tract and to pro- 
duce a simultaneous increase in BaciZZus 
incgatherium, the organism which was shown 
by Lewis and co-workers( 1 2 )  to produce large 

10. Lichtman, H., Ginsbery, V.! and Watson, J., 
PROC. SOC. EXP. BIOI,. AXD MED., 1950, v74, 584. 

11. Smith, C. G.! and Robinson, J. H., J .  Bact.,  
1945, v50, 614. 

quantities of 14. BI2 by fermentation. 
The presence or absence of a vit. B12-spar- 

ing effect for aureomycin as shown by the 
variation in results in different experiments 
may be due to differences in the intestinal 
flora encountered. It would seem probable 
that variability may be expected when the 
growth response to a substance depends on 
the nature of the intestinal flora which are 
present in the test animal. 

1. The vit. BIZ requirement for 
growth of chicks was studied on a deficient 
diet with and without the addition of aureo- 
niycin. In  some experiments, a "sparing 
effect'' of aureomycin upon vit. Bl2 require- 
ment was noted but in others no effect was 
observed. .A growth-promoting effect for 
aureomycin was noted both in the presence 
and absence of added vit. BIZ. 2. The  mor- 
tality of deficient chicks on the diet contain- 
ing no added vit. B12 was markedly reduced 
by aureomycin. 3. The addition of sulfa- 
methazine to the diet did not appear to effect 
the quantitative requirement of chicks for 
vit. BIZ. 
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