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tion of the deposition of the labeled anti- 
bodies in freeze-dried sections of various tis- 
sues suspected of being sources of orosomu- 
coid. 

Summzry.  A homogeneous glycopro tein, 
orosomucoid, isolated from normal human 
serum was found to be weakly antigenic in 
chickens. The antibody-antigen system ap- 
peared to consist of a single antigen and its 
specific antibody. A procedure for determin- 
ing immunochemically the orosomucoid con- 
tent of serum has been described. The results 
show a reasonably good correlation of oroso- 
mucoid with the levels of the seromucoid frac- 
tion (mucoprotein) of normal and patho- 
logical serum. 

1. Schmid. K.. J. A i i i .  Chena. Soc., 1950, v72, 2816. 
-. 7- , ;bid., 1953, v75, 60. 
3. Weimer. H. E., Mehl, J .  W., and Winzler, R. J., 

J .  Biol. C h e m . ,  1950, vlS5, 561. 
4. Smith, E. L., Brown, D. M., Weimer, H. E ,  

and Winzler, R. J., ibid., 1950, vlS5, 569. 
5. Kefalides. S. -4.) and Winzler, R. J., submitted 

for publication. 

6. Winzler, R. J., Methods of Biochemical Analysis, 

7. Rimington, C., Biochem. J. ,  1940, v34, 931. 
8. Winzler, R. J., Devor, A. N., Mehl, J. W., and 

Smyth, I. M., J .  Clin. Invest., 1948, v27, 609. 
9. Jager, B. V., Fed. Proc., 1953, v12, 723. 
10. Kornberg, L., and Lipari, R., ibid., 1955, v14, 

11. Goodman, M., Wolfe, H. R., and Norton, S ,  

12. Goodman, M., and Wolfe, H. R., ibid., 1952, 

13. Goodman, M., Wolfe, H. R., and Goldlberg, R ,  

14. Lanni, F., Dillon, M. L,, and Beard, J. W., 

15. Lowry, 0. H., Rosenbrough, N. J., Farr, A. L ,  

16. Weimer, H. E., and Moshin, J. R., Am. Rev .  

17. Oudin, J., Compt.  Rend. Acad. d .  Sc., 1946, 

18. Munoz, J., and Becker, E. L., J .  Immunol., 

19. Weimer, H. E., and Winzler, R. J., submitted 

Vol. 2 ,  Interscience Press, 1955, 279. 

469. 

J. Inznzunol., 1951, v66, 225. 

v69, 423. 

ibid., 1954, v72, 440. 

PROC. EXP. BIOL. AND MED., 1950, V’14, 4. 

and Randall, R. J., J .  Biol. Chem., 1951, v193, 265. 

Tuberc., 1953, v68, 594. 

v222, 115. 

1950, v65, 47. 

for publication. 

Received October 20, 1955. P.S.E.B.M., 1955, v90. 

Inhibition Studies with Streptococcus fnecalis. Quinolines. (22122) 

AARON ARNOLD AND SHIRLEY D. SOBELL. (Introduced by M. L. Tainter.) 
Sterling- Wintltrop Research Institute, Rensselaer, N .  Y .  

Farber and his associates( 1 ) observed that 
the anti-folics may be used to treat leukemia. 
This observation gave impetus to the synthe- 
sis and examination of metabolite blocking 
compounds. One outgrowth of this was the 
observation by Hitchings and his co-workers 
(2.3) that some anti-folics may have anti- 
malarial properties. In view of these findings 
we have examined compounds initially pre- 
pared for testing against malaria (4-9) for 
their ability to interfere with the utilization 
of folk acid. 

In this communication the results of tests 
on 93 quinolines for anti-folic properties are 
given. I t  may be indicated at  the outset that 
some of the most useful anti-malarials are 
without effect against folic acid. While some 

specificity of activity was suggested by the 
study, the compounds do not compare favor- 
ably with some of the known lanti-folics. Ac- 
cordingly, the results appear to be only of 
theoretical interest a t  this time. 

Experimental. The method of test was 
based on the use of Streptococcus faecalis 
(ATCC No. 8043)  with a slightly modified 
version of the medium of Teply and Elvehjem 
(10). The modifications consisted of omit- 
ting the xanthine from the medium and of 
substituting “vi’tamin-free” casein hydroly- 
sate (Xutritional Biochemicals) for the 
charcoal treated preparation suggested by the 
above authors. Under our conditions of test, 
with increasing amounts of folic acid in the 
medium up to 1 mpg per ml of medium, the 
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TABLE I. Quinolines Which Interfere with the Utilization of Folic Acid. 

Activity vs. 
f olic acid, 

Compound* Derivatives P.g/ml 
__I____ - 

4-NH(CHZLN (CeHd2 3-CH3 7-C1(4) 1.6/ 8 
4-NH(CH2) .P (CzH,) 2 3-MOz 7-C1 40 /200 
4-CH(C,H5) COO ( CHd2N(C2Hd 2(  8) 
4-COO(CHz)&(CHz)zN (CzHri)2 2-OC4H, 

I Y  

Y 3  

> 7  4-COO (CH2)2S(CH2),NC,Hlo I)  

4-SCHzCONH (CH2)zN(C&IJz 

8-NH(CHz)*~(CzH,)z 6-OCH, 8 / 4 0  

3-CH3 7-C1(9), 3-Br 7-C1(9), 3-CH3 
6-OCH3( 9 j ,  3-CH, 6-Br (9) Y Y  

* Six publications, considered representative, are cited for the chemistry of compouiids give11 
in the Tables. A more complete listing of compounds tested aga,inst malaria may be seen in 
Wiselogle(l2) or in the I?. S. A. monograph(l3). 

growth, as judged by acid production, in- 
creased from blanks of about 0.5 ml of N/10 
alkali per tube up to 9.5 to 10 ml of alkali. 
For the test, about half maximum growth was 
obtained with 0.32 mpg of folic acid per ml of 
medium. Accordingly, the test compounds 
were run against 'this amount of folic acid in 
the medium. They were added to duplicate 
tubes in 'amounts of 1.6, 8.0, 40 or 200 pg per 
ml of medium. The tubes were plugged, ster- 
ilized for about 1 2  minutes at 120°C, cooled, 
inoculated(l1) with a drop of a suspension 
of the organism, and incubated for 3 days at  
37°C. At the end of this time, the growth 
was estimated titrimetrically. 

Results. The compounds tested and their 
ability to interfere with the utilization of folic 
acid are summarized in Tables I and 11. An 
arbitrary ratio term is given in the Table to 
evaluate the compounds which interfere with 
the growth of the organism. The lesser 
amount is that a t  which little or no interfer- 
ence with the growth of S. faecalis occurred, 
while 'the larger amount is that at  which 
growth was essentially completely prevented. 

From the results summarized in Table I it 
may be seen that 10 of the quinolines were 
toxic t o  the organism. To determine the na- 
ture of the toxicity, the inhibitory activity 
was further differentiated. With 2.0 mpg of 
citrovorum factor(l4) per ml of medium as 
the limiting nutrient, in place of fdic acid, 
the mercapto quinoline N- (2 diethylamino- 
ethyl) - ( 7-chloro-3 -methylquinolyl-4) - rner- 
captoacetamide was no longer inhibitory. 
With 2.5 pg of thymine(l5,16) per ml of 
medium as the limiting nutrient in place of 

folic acid 7 - chloro-4- (4-diethylaminobutyl- 
amino) -3-nitroquinoline was no longer inhibi- 
tory. Finally, with 2.5 pg of thymidine(l7) 
per ml of medium as the limiting nutrient in 
place of folic acid, the mercaptoquinoline N- 
(2  - diethylaminoethyl) - (6 - methoxy-3-me- 
thylquinolyl- 4) - mercaptoacetamide was no 
longer inhibitory. 

The inhibitory properties of the foregoing 
3 quinolines, while interesting, are consider- 
ably below those of some of the better known 
anti-folics. For example, in the presence of 
0.32 mpg of folk acid per ml of medium un- 
der the above conditions of test the inhibition 
ratios were 0.008/0.04 pg for aminapterin, 
0.00032/0.0016 pg for amethopterin, and 
0.0016/0.008 p g  for pyrimethamine (Dara- 
prim) per ml of medium. Thus the latter 
were 5000-foId (or more) as active as  the 
above 3 quinolines. Accordingly, the results 
appear to be of no more than theoretical in- 
terest at this time. 

Seven of the quinolines of Table I which 
blocked the ultilization of folic acid were still 
inhibitory with thymidine in the medium as 
the limiting nutrient. Whether the inhibitory 
activity of t h e  compounds was due to a 
block in the nucleic acid metabolic sequence 
or whether it was due to interference in some 
other metabolic sequence is not known. 

The anti-malarials given in Table 11, in 
amounts up to  200 pg per ml of medium, did 
not inhibit the organism in the presence of 
limiting amounts of folic acid. This included 
chltorcquine ( Aralen) , hydroxychloroquinet 

t Not to be confused with oxychloroquine. 
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( Plaquenil), sontoquine, primaquine, and iso- anti-malarials differ from pyrimethamine, 
pentaquine. The biguanide anti-malarial which is a strong inhibitor of folk acid with 
Paludrine in our hands was likewise inert, 
although it is clearly an anti-folic with the L. Accordingly, it may be concluded that an 
casei test system ( 18) .  Thus, the foregoing examination of 93 quinolines, prepared in 

S. faecalis. 

TABLE 11. Quinolines TVhich Do S o t  Interfere with the Utilization of Folic Acid. 

Compound 6 y :  

&A A* 
s Derivatives 

a. 4-amino quinolines , C H, 

\ 
1As [ ( 4-SH,,~-CH3,6-quino1~l ) -S€IC‘O] E C‘ 

C,H; 
4-NH (CH,) JSHCH,CH,OH 7-C1, 3-CH3, 7-C1 

” K(C,H5), 3-CH3 7-C1 
” S (C,H,) , 

4-KH(CH,)8N(C2H5)2 
4-SHCH2CHOH CH2K(C2H, 1 4  

4-NHCH (CH,) (CH,) ,SC,H,O 7 4 1  
4-NH (CH,) (N ( C2HS) 2 

9 7  

i-C1( 5), 3-CHS 7-C1 (brachysan) 
7 4 1  (oxychloroquin) (6), 3-CH, 
7-C1(6), 3-Br 7-C1,3-17-C1,5-C1 

i-Cl( 5 )  , 7-Br ( 5 ) ,  6-OCHS, 3-CH8 
i-C1 (norsontoquine) (6) 

4-NH (CH,) 4N (C,H,) 2 3-CH3 7-C1 
” ,CHOHCH,S(C,H, )-. 7-c1 

4-NHCH (CH,) ( CHp) 3s (CZH, ) 2 ” (chloroquine) (5) ,  7-Br (5), 
3-CH3 7 4 1  (sontoquine) (6), 3-CH8 
7-Br ( 6 ) ,  2-CH, 7-C1,5-C1 

19  7 4 1  (hydrouychloroquine) 3 (C,H,) (C,H,OH ) 
9 7  XC,H, T-C1 

4-NHCHzCH ( C,H,OCH,) (CH,) 2s (CZH,) p 3-CH8 7-Cl 
” (CeH,) (CHp) 2s ( CZHj) 2 

9 9  

4-NH(CH,)2S(CH,)pN(C,H,), i -Cl ( i )  
” SO, (CH,) ,N ( C2H5 j , 7 9  

b. Carbon linked at position 4 
4-CH(CeH5)C0SH(CH,)2N(C2H,)2 i-Cl(8) 

” ( CH2) zX ( CH,) , 5C1( 8) 
” (CHP),X(CPHj)2 i-Cl( 8) 

” (COSH,)(CH,),X((CH,), 5-C1(8) 
4-C(C,H,) (CN) (CHp)J(CH,),(8) ” , 6-OCHs(S) 

” (COXH, ) (CIi,),S (CJT,) i-Cl(8) 
4-OH ( CeH,) COO (CH,) g S  ( C,H,) , 7 f  

c. 4-mercaptoquiiiolines 
4-SCHZCOSH (CH,),N( C*H5)2( 9) 7-C1(9), 2-CHs 7-C1(9), 5-C1(9), 

3-CH3( 9),  3,8-( CHz3)2( 9)y 3-CH8 
8-OCzH5(9), 6-OCH,(9) 
7-C1(4), 3-CHs 7-C1(4) 

7-C1(9) , 5-C1( 9) 

443 (CH2) 8N (C2H5) 2 

4-SCH2C0O(CH,),X(CH8), 
” NC,H,, 7-C1(4) 

17  9 9  

? f  

9 7  

” ,6-0CH,(9) X( C,HJ ,( 9) 
NC,H,, Yf 9 9  

NC,H,O 5-C1(9) 

4-5 ( CHz),NHC3H7 ” (4) 
4-5 (CH2) COO (CH,) p S  (CZH:) 2 ” (9) 
4-S(CH,),COO(CH,),X(C,H5)2 ” (9) 

4-SCH (CH,) COO (CH,),N (C,H,) , 7-C1( 9 )  

d. Oxygen linked at position 4 
4-OH 3-CHs (6) 7-C12-COOH( 5) 
4-0CH ( CHS) ( CHZ)SN ( C2H5) 2 

4-O(CH~)2S(CH2),N(C2H5)2 7 4 1  
7-C1(4) 
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TABLE I1 (continued). 

Compound Derivatives 

e. 8-aniino quinolines 
8-NH2 6-0C€13 (amiehin) 
8-NHCH( CH,) CHzNHCsH, 6-OCHS 
8-NH (CH,) SN ( C a J  2 

Y I  

” (CHz),NH2 9 )  

8-KHCH (CEI,) ( CR,),NH2 ” (primaquine), 4-CHs 6-OCH, 
7 9  

17 
NHC,H, ” (isopentaquine) 
N (GH,) 2 6-OH 

8 -N H ( CH,) H, 6-0CII, 
” (CH,),S(CH,)2N (C2Hd2 ” ( p  
” ( CH2) 3s ( CH2) ZN ( C2H5)2 ” ( I )  

” S (C&) sN (C2H5)2 
f ,  2-mereapto quinolines 

2-S(CH2),N(C,H,>,(4) 
” (CH,) SN ( C a d  2 4-CH,( 4) 

g. Carbon linked at, position 1 
l-C&C,HJ3O,NHZ l-Br 

connection with an anti-malarial program, has 
not disclosed compounds with immediate ap- 
plica tion. 

Summary. 1 .  Ninety-three quinolines 
were tested against Streptococcus faecalis in 
the presence of limiting amounts of folic acid. 
Ten of the quinolines were toxic to the or- 
ganism when they were in the medium at con- 
centrations of 8.0 to 200 pg/ml. The toxicity 
of 3 of the 10 inhibitors could be abolished. 
The inhibition of N- (2-diethylaminoethyl) - 
( 7-chloro-3-methylquinolyl-4) - mercaptoacet- 
amide was reversed by citrovorum factor, that 
of 7-chlaro-4- (4-diethylamin~butylamino) -3- 
nitroquinoline was abolished by thymine, and 
that of N-2-diethylaminoethyl-6-methoxy-3- 
methylquinolyl- 4) - mercaptoacebamide was 
overcome by thymidine. The remaining 7 
were not studied further since their degree of 
inhibition did not compare sufficiently favor- 
ably with that of some of the better known 
anti-[folks. 2. None of 5 anti-malarials ex- 
amined (chloroquine, hydroxychloroquine, 
sontoquine, primaquine, and isopentaquine) 
interfered with the utilization of folk acid. 
Thus, these differ metabolically from pyri- 
methamine which has been shown to be both 
an anti-folic and an anti-malarial. 
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