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B
L IS S and L on g? have st udied th e use of s ulfa n ila m ide in th e 
tr~~ a tlll en t of eX!lerim en tal CloNtr id i~II! 1 ioelchii in fe~tion in 
m ice , and have found t ha t th e ben eficial results ob ta ined are 

du e t o the bac teriosta tic act ion of the drug. Sprav ' stud ied the 
d irect bacterios tatic act ion of su lfa n ila m ide, di sulfumide , and Pron­
tosil solub le upon a se ries of sporu la t ing an aerob es, and found that 
the drugs exer t an appa rent spec ific selective ac t ion aga inst ce r t a in 
spec ies suc h as Clostridiu m tetani, CI. lenlopu trecens, Cl. novyi, Cl. 
«epiicum, a nd C/. hi stoluticuin.; while CI. icelchii, CI. sporoqenes, Cl. 
biferm entans, as well as CI. botulinus tv pe A, a re scarcely a ffec ted . 
H e a lso fin ds tha t t he b acteriostati c ac t iv ity increases in th e foll ow­
in g order: Pron tosil so luble, sul fani la mide, and di sulfumide. Sad us k 
IUl~ 1 M anah an ' report that su lfa n ila m ide exerts a de fin ite inhibi ting 
ac tion on t he growth of CI, uielchii, and t hat its bacteriostatic action 
is inversely p rop or tional t o the number of organ isms used in the 
in ocul um. K en drick:' stud ied the t hera peutic value of Neopro ntosi l, 
su lfa nilam ide, and sulfnpy rid in in gas gangrene on in fec t ions pro­
duced expe rimen t a lly in gu ine a pigs. H e rep orts t hat t hese drugs in 
the doses used by him d id not provide prot ection against infection . 
Carpe nter and Barbou r" report th at the oral ad mi n istra t io n of 
N eo pro ntosi l prevented death in mice g ive n the toxin of Cl. toelchii: 

Ther e a re numerou s rep orts in t he literature on the clin ica l use 
of sulfan ila mide a nd N co p ro n tosil in the cases of gas gangrene, b ut 
the resul t s di sagree as m uc h as those cited abo ve in the cases of 
ex pe ri men ta l in fect ion . D ue to these di screpancies, we d ecided t o 
s t udy the effec t of Neopro ntos il and sulfa n ila m ide on exper ime n ta l 
Cl , icelchii infection in mice. 

Strain. used . The stra in of CI. uielchii used in th e foll owi ng cxper­
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Experim entul Wclcliii I nf ectioll ill Jl icc: 

i nu-n t s wa s isolated fro m a cas e of ga s gangrene, a nd is s im ila r in 
it s hi ological charac te ris ti cs to t he class ica l CI. uielchii described in 
tex t hooks . A c ulture was passed t1mmgh Swiss m ic« I)('fore cuitur­
ing in glucose hroth , in orde r to ret ain it s viru len ce. Its mini m al 
lethal dose for mice under t lu-se co nd itio ns was 0.1 cc. of a '24- h0 1ll' 
glu cose broth cuitun-. 

1\ 

F"HJln : I : Clost r id iu m u-elcliii co lonies p la ted 0 11 aga r fr om a th ree-hour h ro t h c ult u re. Cu l­
t ure diluted ] x 100. 

F IU l ' Rr; II: Clo.,lri rlill 111 «e lchii colo n ies pla ted on aga r f rom a th ree-ho ur broth culture con­
l aini ng 1(;0 of su lfa n ila m ide . Cu lture di luted I x 100. 

I'L.H '.\ I : Co lon ias de (;lo"lridill lll u-clchii en plaea de aga r inocu lado co n un cnlt ivo en ea ldo 
rle t re s horns, C u lt ivo d ilufd o a l I x Wfl. 

P L ,H',\ If : Co lo nias de Clo"lridil/ lII uc lchii e n plaea de agar inoeul ad o con lll l cu lt ivo en ca ld o 
dc t res hor ns, contcniendo sulfnni lamida a l I por cien to . C ult ivo di luid o al 1 x 100. 

E;rp erh nenl on e. N i net~ ' m ice, sepa ra te d into three groups of ~ Hl 
each , were inoculated intrarnuscularlv with ascend ing d oses of a 
'24 -hot1l' glucose broth cultu re of C1. icelchii, The firs t g roup was 
injected with 0 .0.5 cc., t he second with .07.5 ce. , and th e third wi th 
o.] ce o Seven ty-nine of th ese m ice (87.7%) d ied before the lapse of 
7'2 hours, 20 « Hl% ) in t he first g I'O UP, 'w (!)(Ui%) in t hc second, a nd 
all (100%) in t he third. 

Ninet.v ad d it iona l m ice were s imila rly gro uped and in ocul ated , 
hut hpsid es th e co rrespond ing d ose of th e org an ism each was g ivcn 
1 cc, of Neop ro n tosil (:3% solu t ion) in t ra m uscula rly a t the time of 
ino clllation . Eight.v-fiVl · (!)4 .4% ) mice died within 7'2 hours, 25 
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( 8:L: ~ %) in the firs t gro up, and all (100%) in th e seco nd and third 
gr oups (sec Tahlc I, Experiment 1) . 

T en m ice were s im ila rly inoculated wit h I cc. of N copron tosil 
only, and a ll survive d. 

In th e above expe rimen t we found that Ncopron t.osil did not pro­
tect mice from CI. uielcliii in fection . 

g -c periment tico, A '24- ho ur glucose broth cult ure was ce n t rifuge d 
a t high speed . The supe r na tan t wa s se t asid e and the sed ime n t was 
rep eatedl y wash ed with sa line . After re pe a te d cen t r ifug a t ions a nd 
washings, eno ug h sali ne was add ed to the ce lls to restor e th e or igina l 
volume of th e cult ure, a nd 0.1 cc . of this sus pe ns ion wa s used for th e 
inoculations . 

On e hundred and fifty mice W CI' C separa ted into five gro ups of 
:W mice eac h . Group On e was in oculated intramuscul url v with 
0.1 ce. o f wa sh ed ce lls of CI. icelchii. Group Two wa s inocula te d 
intramuscularly with 0.1 cc . of wash ed cells a nd 0 .1 cc . filtra t e fr om 
the same culture. Group Three was inocul ated wi th 0 .1 cc . of wash ed 
cells and 0.1 cc . filtrat e, plus 1 cc. of N eoprontosil. Group Four was 
in oculat ed with 0.1 cc . of wash ed cells plus 1 cc . of Neopro n tos il, 
and Group Five, wi th 0.1 cc . filtrate plus 1 cc . of Neoprontos il. 

F oul' mice ( I :~ . :~%) di ed in Group On e : 7 ( '2 :~ . :~%) d ied in Group 
Two; 27 (90% ), in Group Three ; '27 (!}O%), in Group F our: and 
non e in Group Five. (See T able 11, Experim ent '2.) In t his case the 
in jection of N copron to sil wit h wash ed cells of C/. ioelchii led t.o t he 
developmen t of t he co rrespo nd ing infecti on , while the wash ed ce lls 
al on e sho wed little t enden cy to devel op in th e t issu es a fter in ocula­
tion. 

In rep eating th e above expe rime nt, the dose of Neop ron tos il was 
lowered , 0.75 cc. , 0.50 cc. , and 0. '2.5 cc . be ing used , and in eve ry case 
wh en t he dose of Neop ro n tosil was give n with wash ed ce lls of CI . 
ioelcliii, the an ima l succ umbed t o infection. On exa m ining th e lesion s 
produced , one cou ld observe normal phagocytic ac t iv ity and n u­
merous orga n isms within the ti ssue of t he lesion s produced . 

"Ve decid ed to inves ti gate the effect of the drug ad mi n iste re d 
orally . 

Experiment three. On e hundred and fifty mice were divided into 
five gro ups of :lO mice eac h . Group On e was give n I cc , of Nco­
prontosil ora lly, and 1I0llC of th c animals di ed. Group Two was 
g ive n one lethal dose of the cultu re of Ct. tcelchii b~r mou th , a nd 
all of th e mice surv ive d. Group Th ree was give n .l/z cc. of Nco-
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prontosil and one minimal lethal dose of a cult ure of CI. toelclti i by 
mout h, and all su rvived. ( ;roup F oul' was given on e minimal lethal 
dose of I he cult ure of CI . /i.'elehi-i intrum usculurl v : '20 a nima ls (!)(Ui%) 
died .u ul on e sm -v i v r-r]. G ro up Five was giv en Y:;; cc . of N coprontosil 
oral l.' · and on e min imal lethal dose of C f. ioelcliii c ulture intra­
/lluseularl,v: '2 :~ (7G. G% ) di ed and 7 survived. In this expe ri me n t 
the cult ure of CI. uielclrii was ina ctive wh en given b~r mouth. N eo­
pron tosil, wh en give n ora lly, gave a sligh t protection ag a ins t CI. 
irelchii infection in mice. (See Table III, Experiment :L) 

III 1\' 

F H;[ '~n; III : Clostridiun: uclchii colon ics pla ted on aga r from a th ree-hour hrot h cult ure 
eon taJlJlng i! y:!(;~ of :\eoprontosil. Cult ure di luted I x 100. 

F Il ; ~' In; I\' : Clostrid inm uelchi i co lonies pla tcd on agar from a six-hour hrot h cul t ure. Cul­
t urt',lilutrd I x 100. 

I'L ,II',\ III : Colo nia .' de t 'lostrid iu m nelchii en placa de aga r inocul udo co n un cult ivo en 
ca ldo de t res horus, co nt enienrlo 2,!1 pOI' ciento de neoprontosil. C u lt ivo dilu id o a l l x !OO, 

1'1...\( '., 1\ ': Co lonias de L'lnstrid iu m uelchii en plaea de usrnr inoc uludo con un cult ivo en culdo 
de S('IS horns. Cult i n ) dilu ido al 1 x 100. b 

• E.l'perim ellf [o ur , In t his expe r ime n t we com pa re d th e ac t ion of 
l\ copron tosil with th at of sulfan ila mide, usin g re pea te d doses. A 
I per cen t solu t ion of sulfa uilam ide was used. On e hundred mi ce 
wet'e diyided in to five groups of '20 mice eac h. Group On e was g ive n 
one minimnl lethal dose of th e cult ure of CI. ioelcliii iu tru mu sculur]v . 
Nin('('en mi ce (0.5%) died . (;roup Two was g ive n one minimall eth ~d 
dose of th e cultu re of CI. ioelchii pl us 1 cc, of Neopron tos ii in tru­
11l11scularI~' e vcrv 1'2 hOlll's- -two d oses in all. All th e "20 animals 
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di ed . Group Three wa s given on e minimal lethal dose of the cu lt ure 
of ct. uielchii plus Y2 ceo of N coproutosil ora II.,' cvc rv 12 h ours­
three d oses in all: l:~ animal s di ed ((i!)(1cJ) and 7 surv ive d . GI'OUp 
Four wa s g ive n one minimal lethal d ose of the c u l t u re of Ct. lI'etchi i 
plus 1 cc . of a 011(' per ce n t solu ti on of sulfa nilam id e intramuseu!arly 

cverv 12 huurs-e-'] d oses in all: 2 animals (10%) di ed a nd 18 su rv ived . 
Gro~lp Fi ve was given one minimal lethal d ose of a cu lture of Ct. 
ioelchii plus Y2 cc. of a 1 per cent so lu t ion of su lfa nila m ide ora lly 
cve rv 12 hours-e-three doses in all: (i animal s di ed (:300/0)' a nd the 
rest' survived the expe riment a l peri od. (Sec Table IV, Experi­

m ent 4) . 

" 
Fwulm V : ('lo,,(n,lilllJl /fe!chii colonies pla ted on aga r From a six-hour b ro t h cult ure con ­

ta ining I%of sulfu ni ln ruide . Cult ur e diluted I x 100. 

FH;ulm VI : Clostrul inm ue lcliii colonies plat ed on aga r f rom a six-ho ur broth cult ure con­
taining 2Yz% of N eopront osil. C ulture diluted I x 100. 

I'L ACA V : Co lonias de Clostrid ium ue lchii e ll placn de agar inoeulado con lin cul t ivo en ealdo 
de scis horu s, co nt en ienrlo I por cicnto de su lfaui hunida . Cul t ivo dilu ido al I x 100. 

1'1 , .\ (' ,\ VI : Co lonias de Closiridiu n: icelch ii e ll placa de '.lga r, in ~eula ~lo ,con U II eult ivo cn 
culdo de seis horus, eon tcnieud o '2Yz por cien to de ueopron tosil. Cult \"0 dil uido ,til x l Oll . 

U nde r the cond it ions used in th ese expe r imen ts, sulfa n ila mi de 
has been effec ti ve in th e treu.tmcn t of «xpc rimcn tul U'c{ell1' i infection 

of mi ce, 
'Ve decided to take advantage of th e results oslnhlishcd b v these 

cxpcrimcn ts, and I.heref or « planned t o st.ud v the en'ect of N eo p ro n to­

s il and sulfanilamide in l'ir'() . 

l';;/:perillleni fi ve. Three g l'O UpS of 4 mice each were in oculated. 
In Group On e, 4 mi ce wer e in oculated intrupcrilxmcally with on e 
minim al lethal d ose of Cl. icclchii cult ure plus 1 cc . of sa line. In 
Group Two, 4 mi ce wer e in oeulat.ed int.rnpcritoucally with one mini­
mul lethal dose of Ct. ioelchii c ult ure plus 1 cc . o f a 1 pCI' ce n t solu­
tion of s ulfan ila m ide. In Group Three, 4 mi ce were inoculated intra­
peritoneally with one m inimallct.hal d ose of Cl. uielchii culture with 
1 cc . of a ':5 per cc n t solu ti on of .l\'eop ro n tosil. On e m ou se of eve ry 
~roup wa s punctured eve ry hou r for IH hours and the periton eal 
exud a te wa s stained with 'Vright's s tain and exam ine d for th e num­
ber of bacteria in the smear, number and character of t he ce lls in 
th e exud a te, and number and charac ter of bacteria within the ce ll. 

In all the specimens the phagocytosis was marked and th e number 
of bacteria ingestl'd l ry t he ce lls was large. In t he co n t rol, wh er e 
saline wa s used instead of th e drugs, SOllie lymphocytes were ob ­
served in the field. 

The preparati on s made fr om the mi ce injected with sulfa n ila m ide 
had apparently less bacteria in the field than th ose injected with 
N coprontosil 01' saline. 

It is diffi cul t t o draw definite conclusion s fr om this experimen t. 
From ou r ob ser vations, h ow ev er, phagocytosis docs not see m t o he 
alter ed b ," any of the drugs. S ulf an ila m ide ap pa re n t ly had a bac­
teriostatic effect in vito , s ince the number of org a n isms per field was 
less in the case of sulfanilamide than in the case of th e o t he rs. 

Ex-periment «i». This expe rimen t was designed to find ou t the 
bacteriostatic action of N coprou tos il and s ulfa n ila m ide. A '24-ho u r 
glucose broth c ult ure of Cl. icelclui was used. 'fest tubes were pre­
pared in t he following m anner : ':2 cc . o f plain broth plus '2 cc . of a 
'2 pel' ce n t so lu t ion of su lfan ilam ide; ':2 cc . of plain broth pl us ':2 cc , 
of a 5 pel' cent solu tion of N eop ron tos il ; '2 cc . of plain broth plus 
':2 ce. of normal sa line . The tubes were in oculated wi th a st ra igh t 
platinum n eed le immer sed in th e 24-ho u r hroth c ult ure of Cf. icelchii 
and th en immersed in the in oculated t est tube, the co n te n ts of whi ch 
were well sha ke n . The test tubes so in oculated wer e put under par­
Lial nuu crohiasis in an anaerobi c jar and incubated at : ~7 C. Then 
we prepared pou r pla te s o f plain agar in dilutions of l :100 and 
I :10,000 in s Ler ile water 1'1'01\1 th e conten ts of cuc h Lube uf'tcr :~, H, 
and R liours ' incubu ti on. Thcs« platl's wer e incuba ted for 4H hours 
at :\7 C. and th en co un ted. 

A good idea of the result s mny be ohl.niucd from study of th e 
photographs of each plate ( Figur ('s I -VI ). 
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It ca n readily be observed tha t under the cond it ions used in thes e 
expe r imen ts, N copron l.osil does not sho w an v bactcriostu tic action 
OIl th e cultures of Ct. ioelchii , while sulfa nilamide sho ws a definite 
bacteri os tatic action. 

DI SC U S SI O ;-;-

Fcin stone, Bl iss, Ott, and Long' presen t ev idence indica tin g that 
th e ac t iv ity of Neoprontosil dep ends on it s reduction t o sulfan ila­
mid e in. vivo. In contras t, Rosenth al" and Barlow" have publish ed 
obser vations indicating t he th erapeutic supe r ior ity of th e oral as 
compared to the pa ren teral route of giving Pron tosil under exper i­
mental cond it ions, whil e th e chemo -t he ra pe u tic efficacy of sulfa n ila ­
mid e by t he subc utaneo us route is supe rior to that noted a fte r ora l 
ad min ist rat ion (Rosen thai10 and Proom " ). Sulfa nilamide is ex ­
crete d ruther slowly ; Prontosil , mu ch more rapidly. 

\Ve were unable t o protect mice fro m minimal lethal d ose of Ct. 
icelchi i hy intram usc ula r inj ections of Neoprontosil. In th e in ­
stances in which Neop rontosil was given orally , slight protection 
was obse rved . Sulfa nilamide pr otected mice from minimal lethal 
dose of Ct. ioelcliii when use d either ora lly or parenter ally. 

When Neopro n tos il was used wit h wash ed cells under the co ndi­
t ions described by us, t he animals succ um bed t o infection. On exa m ­
inin g the lesions produced, one could observe normal ph agocytic 
activity and n umerous organisms within the t issue of t he lesion 
produced. Sulfanilam ide produced a de finite bacteri ostatic effect 
in. »ico as well as '£/1 vi tro. Neoproutosil, under i n oiiro cond itio ns 
used by us in t hese experimen ts, pr oduced no demonstrabl e hac­
t eri ostatic action. 

CO i\C LUS ro ;-;-S 

'We wer e un abl e t o protect mice from mi nimal lethal doses of Ct. 
uielclii i by intramuscular inject ions of Ncoprontosil , 

1: rider the cond itions employed in these expe rimen ts we found 
sulfanilamide t o be effect ive in protecting mice fr om a minimal 
lethal d ose of Ct. icclchii. 

Thus, we conclude sulfa nilamide to he su per ior to Neopro ntosi l 
in th e t rea tme nt of experimental ioelchii infection in mice. 
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