
( b t '  t h k t i n i i i ,  riboflavin, pantotlienic acid, factor Wr, or inositol in the 
diet. 

'I%> :iuthor.r :we grateful to  Prof. M. B. Vissclier for his helpful advice and 
vriticisnis. 
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Effects of Sulfanilaniide, Sulfapyridine, Sulfathiaeole and Sul- 
fanilylguanidine upon Colon-Typhoid-Dysentery Group. 

C. ,A. LAU-RESCE -WD I<. D. SIWXGUE. (Introduced by 0. \I7. 
Rarlow.) 

Froiw the Itesectrch Laboratories of the Winthrop Chemical Co., IILC., 
Bensselaer, N.P. 

Recent stticlies of Marshall, ct aZ.,I indicate that sulfanilylguaiii- 
dine compares favorably with the z'it vitro effects of sulfanilamick 
and sulfapyridine upon microiirganisnis, particularly those of the 
colon-typhoicl-tlq-seiit~~~ group. Following incorporation of suI- 
fanilylguanidine in the diet of normal mice the in cctitro effects were 
largely reproduced under iiz wivo conditions in that such medication 
caused a distinct reduction in the usual iiuniber of coli form organ- 
isms in the stools. 

Since earlier ot)scrvations2~ '1 indicated that sulfathiazolc was 
equal to, or slightly superior to, sulfanilaiiiide and to sulfapyricliiie 
in its bacteriostatic action upon organisms of the colon-typhoicl- 
dysentcry group, it appeared worth while to further study the effects 
of sul fanilaniide, sul fapyridiiie arid sulfanilylguanidine upon adtli- 
tional organisms of the group mentioned and to compare them with 
stil fathimole mid sodiuin sul fathiazole under corresponding esperi- 
niental conditions. 

The itz vifro test procedures used in evaluating the several coin- 
pounds were? with slight niodifications, those described by Marshall.' 
Small inocula (0.2 cc) containing 50 to 750 organisms of highly 
diluted l8-24-hot~ cultures in tryptone water, were exposed to 5 cc 
qrzantities o f  varying drug concentrations ranging from 100 to 200 

I 3I;irdiaIl, E. K., Jr., Bratton, A. C., White, H. J., and Litchfield, J. T., Jr., 

2 Long, P. H., and Bliss, E. A,, PROC. SOC. Em. BIOL. AND NED., 1940, 48, 324. 
3 Lawrcvwe, C. A., PROC. 8oc. EXP. BIOL. AND MED., 1940, 44, 162. 
4 libby. R. L., and Joyner, A. L., J .  Inf. Dis., 1940, 67, 67. 

1 : i i X  .Johns IIopliins lLo.vp., 1940, 07, 163. 



mg %. The organisnis tested included: 5 strains of E. tyPha.ctr, 6 
strains of S. dysenterinc, 2 strains each of E. colz', .4. aerogenrs and 
Ps. aewgiixosa., and 1 strain each of S. pnratyplti, S. s c h f o t t i m d w i ,  S. 
suipestif er, S. psittacosis, S. enteritidis and B. proteus. 

Our observations confirm and extend the observations nlade by 
Marshall, et al., in that sulfaniiylguanidine corresponds in activity to 
sulfanilaniide and is equal to or slightly inferior to sulfapyridine 
when tested against the organisms of the colon-typhoid-dysentery 
group. 

In general, these investigations indicate that sulfathiazole and 
sodium sulfathiazole are somewhat more effective in vitro both as 
to bacteriostatic and bactericidal actions than sulfapyridine and dis- 
tinctly superior to sulfanilamide and to sulfatiilylguanidine against 
the strains tested. 

A study was also iiiade on the influence of oral medication (through 
incorporatioii in the diet ) of sulfanilamide and the several derivatives 
on the bacterial flora of the intestinal tract of normal mice. The 
method and procedures followed, duplicated as closely as possible 
those described by hlarsliall, et aZ.l Healthy albino mice properly 
marked and of approximately equal weight and age were placed in 
coarse wire screen cages in groups of 5 animals each and fed a 
normal laboratory diet ( Rocklancl mouse diet). Stool specimens 
were obtained directly froni each mouse and emulsified in sterile 
broth (1.0 cc broth to each 10 ing quantity of stool). Pour plates 
were made in desoxycholate agar with 1 cc amounts of a I :lo0 broth 
dilution of the heavy stool suspension. After 23 hours' and 48 hours' 
incubation at 37" C., the coliforni colonies were counted or estimated. 
At least 3 control fecal specimens were taken at the same time of day 
on different days in order to observe the range of a normal mouse 
colon-bacillus count. Considerable variation was noted in the coli- 
form population in the stools from day to day in individual mice as 
well as in different mice of a group on the normal diet as indicated 
in the tables. The magnitude of the variation noted was such that 
the method can be considered as of qualitative value only, i f  carefully 
controlled over a period of days. 

Similar plate counts were made on stool specimens froni mice 48 
and 96 hours after being placed on a diet containing 1%) o f  one of 
the several sulfanilamide compounds. Additional plates w7ere made 
several days after the animals had been returned to a normal diet. 
Several of the compounds were tested alternately after intervening 
suitable rest periocls on the same group of animals. Thc results o f  
these studies are presented in Tables 1,II, 111. 



698 SULFONAbTZDES A N D  I N T E S T I N A L  FLORA 

TARLE J. 
Effvets of S u l f : ~ ~ i i l ~ l ~ u : i i ~ i d i i ~ ~ ~  :tiid Sulfathiazolc upon Eacterial Flora (B. coli) of 

Iiitcstjnal Tracts of 31iw. 

J k ~ ~ ~ ~ ~ h o l i ~ t e  agar plate (B. ~ o l i )  coullt 
XOUSC~ s o .  -- 7-- -l 

Test day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

1st 
3rd 

1::th 

15th 
1 it11 

21 st 

23rcl 
,.,tll i> .- 

36th 
4:hd 

Nornial diet. 
"59 I1 85 H 51 10 T H 37 H M 7 1  H 27 H M H H 52 H - T H I I I I 5 0  T T H  T H H  T 2 8 H  T M  O H H  

3 TIE T T H M M H M H  T T T T T M  O M M  

8 I T  30 60 H I-I l t i  22 1.5 20 ill 31 H 19 65 51 M T T H 
€1 I1 Ii €1 l ( i  0 1 4 1 9 II 21 31 39 H 32 I-E M M T 

.TO 32 JI 31 18 ( I  T I€ H 0 31: 4 H 1 H T 31 H M M 

22 18 M H f? 2 €I 4 M 0 0 30 M 4 M 55 M H M T 
o 73 69 M I1 1 IT 0 JC 11 0 0 38 0 17 M T 35 H 1 

11 11 50 H 11 Jf 6.5 T 11 11 TI T 3f - T M M M R l  11 
JI '1' 31 II H 30 31 20 T Jf 30 I1 M 5 €1 I€ H H T M 

1% sulfaiiil~lgua~iidiiie in diet on 13th day. 

Xo~iii:il diet b q u n  17th day. 

1% su1fatlii;~zolc in diet 011 'tlst day. 

Sorin:il dict 1)cgun 25th day. 

T. b'ignrrs rcimsc~nt :ictu:il number of lactose-fermenting aolonirs in plate ; 
I€, Hundreds ; T, Thousands ; M, Znnunierablc ; 0, No laetose-fcrnienting colonies 
o1,acrvc.d ; -, s o  test made. 

1. 
3 
P 

9 
1 1  

13  
15 
16 

Sorinal dict. 
*€I M I1 11 H M H T M H H H 3 T H H 5 0 3 6  M H 
H II50 H H M M H M M H 18 I1 M 4 4  M 4 M M 13 
I - I H M M  T M M 3 0 M  T H M 7 0  T M  T 0 5 0  T M  

Drug diet begun 7th day. 
1% Sulfaiiilylguanidiiic 1% Sulfatliiazolc 

F-7 - 7- 

v r . j o  o ti 2 T H ~ O A  : < E H  O H H  2 o o 2 d 
'I' 11 1 TL 50 11 €I 25 11 50 1.5 €1 36 H I€ 60 0 10 3 I(J 

JL 3) i 0  M A1 T 11 M M 50 32 M M €1 20 T I1 2 M €1 
'I' I1 20 ,li T 31 4(i 30 YI €1 30 RI H €I M 50 31 1 T H 
'1' S l  10 T N 11 18 3.5 Jf 1.; I€ 31 0 1-1 X 20 X 15 H 1% 

1% Salfnppridine 1% Sit Sulfathiazole 

TI T 2 10 N H 2.5 30 5.7 30 4 2 0  2 0 (i 8 0 13 19 5 
II 11 3 28 6.; €1 €1 23 't' ?O 40 5 O O 20 H 1 6 60 4 

I1 4 I1 H T II 12 ti7 I€ 31 51 $ti 44 31 M 20 16 21 44 52 
T M T H N H O O T M H G T T T 1 3 H O 2 T  

I I M 6 5 9 0  H T T R T H H 5 0  I I M M  7 9 0  0 T H 

Sorninl dict begun 11th (lay. 

Drug dirt 11(~g1111 16th d a ~ .  

I ---- -- 7 - - .- - - - 

Sormnl diet hrguii 20th (1: T. 

"Pee li~gencl under Table I. 



TABLE 111. 

Intestinal Tracts of Mice. 
gffects of Sulfanilamide and Sulfatlliazole upon Bacterial Flora ( B .  coli) of 

Desox;ycl~olate agar plate (I?, coli) count. 
Mouse No. 

I 7 
Test day 1 I! 3 4 3 R 7 8 9 10 

1 
3 
7 

9 
11 

13 
15 
16 

18 
20 

23 
97 
28 

S o r i n d  diet. 
<+H €I T M M 11 11 31 H JI 
M M H M  T M  T M M J I  
50 hi T T T H T 13 I1 T 

M M H T H H M T €I t-E 
M M 11 T M H M €1 ‘14 1% 

T M T T M H M H M 5 1  
X M M M M T M M X H  
M M M M M  H M M  I€ 1E 

90 T 70 T 75 30 0 1 10 T 
50 0 22 T 21 18 19 14 20 dead 

1% Sulfanilamirle in diet on 7th day. 

Normal diet begun 11th day. 

1% Sulfathiazole in diet on 16th day. 

Normal diet begun 20th day. 
T 6.: T T M 33 H €I 34 
‘l’ 50 N T 13 €I 40 60 H 
1’ T H M H GO 21 3 3 

*See legend under Table I .  

In summarizing the data in the tables, the findings of Marshall 
were confirmed in that the normal fecal counts of coliforni organisms 
of many of the animals were reduced following dietary medication 
with sulfanilylguanidine. 

Upon extending the feeding experiments to include sulfapyridine, 
sulfathiazole and sodium sul fathiazole, a similar reduction in the B. 
coli population in the fecal excreta was obtained with all compounds. 
The animals medicated with sulfanilamide, on the other hand, failed 
to show a decrease in the H .  coli count of their stool specimens 
(Table 111). However, sthtitutioii of a sulfathiazole, sodiuiii 
sulfathiazole, sulfapyridine or sul fanilylguaiiidine for the “sulfanila- 
mide diet” invariably causecl a significant reduction in the number 
of coliform organisms. 

The wide variations noted in tlie B. coli counts of fecal specinleiis 
of mice on iiornial diets and the corresponding erratic, although de- 
pressed, counts iioted after niedication with all compounds with the 
exception of sul fanilaniide suggest that this test metliod for chenio- 
therapeutic compounds is of qualitative value only. Thus, results 
are influenced primarily hy tlie relative absorhability of the niedica- 
nieiit s and secondarily by the dietary drug concentration or dosage 
fed. Drug action pcr sc might, therefore, play only a minor rble. 

Conclusions. 112 zfitvo studies 011 several sulfonaniide derivatives 
indicate sulfathiazole and sodium sul fathiazole to be somewhat niore 
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cflective than sul fapyriditle md distiiictly superior to sulfanilamide 
and to sul fal~il~lguat~idii~c against tlic coloii-tj$ioid-dysentery group. 

1;ceding the scveral compounds in the diet to mice, caused, with a 
single exception, ;t significant reduction oi the number of coliforni 
orgnnisnis iioniidly present in the intestinal excreta. Sulfanilamide, 
under the coiiclitioiis of this test, proved to be ineffective in lower- 
ing the fecal R. coli count of the animals. 
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3Iechanisiii of the Effect of Epinephrine on Bioluminescence 
of the Firefly. 

There is general agreement L-4 that flashing of fireflies is regulated 
by iniiervated tracheal end-cells which iioriiially occlude tracheoles 
leading to tlie light organ. Thc effect o f  epinephrine may be inter- 
preted' as dilatation o f  the occludiiig intisculature to permit constant 
access of 0, tc) pliotogeiiic areas with consequent prolonged lumines- 
cence. Use was made of this action to rlenionstrate' that tensions of 
ether vapor almw tlie minimal lethal tension will estinguish the con- 
stant lwiglit glow of fireflies treated with epineplirine although ether 
vapor itself causes a constant glow in untreated fireflies exposed to 
subletlial tensioiis. Enough specimens were captured from a swarm 
of the lainpyrids, Plzoturis penmylvnnicn, during the summer of 
1941, at Srincrcst, 11:. Va., to permit the present limited further 
stud >*. 

- 4  rc'ccii t note 1))- ('hakravorty atid I:allentine6 nieritiotis tlie effect 
of liytlrosulfitke oi l  Iuci ferasc-oxitlizetl lucifcrin. :Iccordingly, 0.01 - 
0.02 cc o f  174 freshly prepared XaHS was injected iiitraiibdoniinally 
iii 10 fireflies. .A niotlerately hright glow developed irnnicdiately and 
persisted for sevcral minntcs, gradually diminishing. Since most 
: ~ ~ ~ d n h l e  solutioiis o f  epiiicpliritie cont;tiii 0.1-0.2p XaHSO,, a 

1 Creigliton, W. R., Pcieacc, 1926, 63, 600, 
2 Uerretwn, 3'. C., EioZ. Zmtrdb?. ,  1922, 42. 1. 
:: Harvc?, 12. N., Plqsiol. RIJO., 1934, 4, G39. 
4 Sncll, P. -L, ScieiccP. 1931, 73, 379;  J .  Cell. P o m p .  Physiol., 1932, 1 ,  37. 
5 >;rner~oii~ G. R., PROP. SOC. EXP. 33101,. AXD VED., 1935, 33, 36. 
.(5 Cliakravorty, P. N., and Ballentine, R., J .  d?n. Chem. Soc., 1041, 63, 2030. 


