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TH® FFFECTS OF SULFANILAMIDE

Para-amino-benzens~sulfonamide (now officlally
sulfanilamide) (1) still crests the wave of popularity.
Its level of therapeutic value may be ultimaetely found
at the crest of that wave, for the drug has withstood
severest criticism from the time of practical revela-
tion. Born in an age in which medical sclence 1is
dominated bv therapeutiec nihilists, promoted in the
face of world cognigzance of its attributes and sandy
foundation, and existing while these pitfalls wers
1llustrated and explained, no nemesis has yet been
indicated. The only way in which sulfanilamlde has
completed its unduletion-- fallen from its crest--
has only been appasrent, for we are rising to a level
at which therapeutic value has always remained, more or
less the same, with those who have followed closely the
rules set forth long ago for safe usage. These rules
collectively only require intelligent supervision
during administration, as will further be shown.

Probably the main fsctor in kseping general im-
pression of therapeutic value from undulating was the
affair with Massengill Company of Bristol, Tennesses.
A drug known as "Elixir Sulfenilamide" was menufactured
by this concern. The following proportlions were used

in this "elixir" (2):



Sulfanilamide 583 pounds
®lixir flavor 1 gallon
Raspberry extract 1 pint
Seccharin solubls 1 pound
Amaranth solution 1/16 134 pints
Caremel 2 fluidounces
Diethylene glycol 60 geallons
Water q.s. 80 gallons

This solution was tested for flavor, according to
the Food and Drugs Act, but not for effect on human
life. Consequently at least 73 persons died as a direct
result of taking this drug. Twenty others took the
"elixir" but the exact cause of death could not be
determlined.

World-wide publicity accompanied the confiscation
of this drug during the months of September and October
in 1937. The company sent at least a thousand tele-
grams the first deay, stubborn salesmen and physicians
had to be dealt with by law, and a drag-net had to be
set from coast to coast in a heightening drama that
drew the scrutiny of all who would be interested.

Congress required a report from the Secretary of
Agriculture, and it was seen that the diethylene glycol
caused the fatalitiles.

Reverting from this parody in personal impression,
the history of sulfanilemide 1s seen to be brief (3) (4).
In 1908 a chemist by the name of Gelmo (5) weas working
on the ago dyes with an industrial interest. He first



mentioned the paraaminosulfonamide compounds. Thers
was no clinical application of the azo dyes stuffs until
years later when many compounds of these dyes with
sulfonamide were made. T%isenberg (6) first conceived
thelir bactericidal powers., From these investigations
sprang scarlet red, included in "New and Non-official
Remedies™ by the American Medical Association in 1912
as & valuable drug in the treatment of chronic ulcers
and wounds., At the Dusseldorf Dermatological Soclety
on May 17, 1933, (2) it was reported bv Foerster that

a red dye celled Prontoslil had had a remarkable effect
in a child suffering from a staphylococcal pysemis.
Subsequently there were many reports on the effects

of the dye chi=fly in hemoiytic streptococcal infections.
Domagk (7) however, was the first to offer experimentsl
procf. He polnted out the antistreptococcic action of
certaln azo dyes in artificially Infected animsls.,

Soon after this some French investigators (8) showed
that the active factor in this red dye Prontosil was
para-amino-benzene-sulfonamide, later re-named sulfanil-
emide. Many other worksrs varified this work (9-11).
The azo dye was seen to be not the essential component.
It was proved that the p-aminobenzenesulfonamide

group is set free by the reduction of the prontosils

in the body. 1In vitro also the prontosils must be



reduced before they bscome bacteriostatic. Mletzsch
and Klarer (12)(1935) mede a new compound from the
original prontosil by adding an azonsphthalene ring to
the sulfonamide group. This compound was the red dye
which has been known and used as prontosil soluble and
as prontosil and now 1s to be callsd neoprontosil.
Domsgk'!s work with the original prontosil in mice gave
the Impestus to the tremendous strides now being made in

chemotherapy.

My purpose in writing this paper is to summsrlze
the literature on this subject, attempting to procure,
to my own satilsfection, & working plan for use of the
drug, avoiding toxic manifestations. A recent case of
toxic hepatitis in Omaha will be analized, and any-
thing that may be in common with ths toxlc manifes-
tations will te observed. The use of thls drug in
relation to the "practice of medicine" gs well as
to the "science of medicine" will be discussed from the
influence of the reeding.

It must be hsre stated that, since well over
two thousand articles hsve been published in the last
three ycars and several good books written on the sub-
ject (13, 14), this pasper, in its brevity, can not

pretend to be unbiaesed in its conclusions.,



The effects of sulfanilamide and allisd compounds
are well, though not completely, studied. It is in-
teresting to know that sulfanlilamide wes introduced as
& specific chemotherapsutic agent for hemolytic strep-
tococeic infectlons. In such a capacity it promised
to rivel sslvarsan in chemotherapeutic advancements,
but it has broken from this specificity, for further
experimental and c¢linicel trials showed thst 1t had a
wide, but peculiarly selective, effectiveness. Certain
orgenisms are influenced by 1t whille closely related
organisms, for reesons which st present cannot be
aprreciated, are entirely unaffectsad.

Before the time when sulfanilemide was put to
practical use clinically, there were many experiments
carried on in attempts to understand the action of these
compounds in vivo as 1n contrast to the action in
vitro. Various organisms and many different experi-
mental animals hava beszn used. Many conclusions have
been put forth that warrant acknowledgement. These
suggestions have becsn well summarized as follows (15):

Sulfenilamide--

(1) acts mainly as a bacterlostatic agent;

(2) stimulates phagocytosis;

(3) neutralizes bacterisl toxins;

(4) 1s bactericidal under certain conditions;

(5) delays the growth of organisms until
mononuclear phagocytes sccumulate;

(6) alters the organisms so that phagocytosis
can tske place.
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The methods used have been quite variable snd may
account for many of the differences of opinion. The
action mey 8lso be different with different organisms,
The action of the drug as a bacteriostatic agent is most
emphasizsd in the literature (11, 16-22). The very
history of the drug impllies that it has this effect, as
haes been briefly reviewed.

The point in questlon in study of effects here is
whether sulfanilamide inhibits the growth of the
bacteria, enhances the natural body defenses so that it
can throw off the organism, or a oombination of the
two. The literature seems to show that the first of
these 1s most obvious, but that the body defenses are
bolstered as well, and now still further attributes
are seen for the drug. There seems to really be thres
great groups of <tfects: (1) Those concerned with
bacteriostasis, (2) those concerned with stimulating
the natural body defenses, and (3) those concerned with
destroying the harmful effects of the micro-organism,
altering it in a way to spead the resolution of the
infective process, or destroy it directly.

In the early periods of sulfanilamide history, when
the bacteriostaticaction of sulfanilamide was many

times shown by inhibition of the growth of streptococci



in cultures, and Colebrook, Buttls, and O'Meara (20)
even exerted a bellef thet there was a bactericidal
effect in the presence of whole blood, it was immed-
lately though* that & similer effect in vivo might be
the source of the therspeutic sctivity of the compounds.
However, those workers who did find evldence of an
inhibitory effect (23) felt that it was too slight
to account for the remerkable qualities of the drug.
Many differences in technique vary the results.
Long and Bliss (13) state, '"We were unable to test,
satisfactorily, strains of hemolytic streptococel be-
longing to Group F, owing to the fact that with these
minute orgenisms lerge inocula are required to start
growth even in drug-free broth. When sufficiently
large inocula were used no bacteriostasls was found.
The same was true for the minute members of Group G,
although the regular streptococel in this group were
highly sensitive to sulfanilamide." Thus the size of
the inoculum 1is very important. In the ssme wav these
men have shown that the age of the culture, the virulence
of the culture, difference in the medium, dilution of
the medium, sand other factors, make it Impossible to
drew any definite conclusions, but the fact that some
benificiel findings ere almost omnipresent 1s an un-

impeacheble fact.



Mellon, Gross, and Cooper (14) bring up the
question of possibility of a shock effect of sulfanil-
emide. They bring up the point that there 1s alwavs a
possibility that the infection of a forelgn substance
Intrevenously may in certein patients bring sbout a
reaction. No more materisl 1s apparent in this point
since their writing.

In connection with the idea thet sulfonamlde
compounds aid in phagocytosis Levediti and Valsman (23)
advanced the theory that these compounds in some way
interfere with the development of the capsules of grow-
ing streptocoecci and thus deprive them of their vir-
ulence. This would be of special interest in study of
action on pneumococeci, The many works of these suthors
(23) do not lead to any deflinite conclusions regarding
relation to phagocytosis, and they are one of the most
dominant teams working on the question. In May, 1935
these men stete that phagocytosis was only vigorous
in the control mice of thelr experiments; Levediti
later claimed that an "intraleukocytic culture" was
responsible for this confusion and ststed that phego-
cytosis was enhenced; in June, 1935 they declded that
it was more probable that the defenses of the germ

were lessened; two years later their conclusions were



still not definlite. Other writers seem tc offer the
same indefinite results,

It 1s of note that the leukocyte pattern of the
blood is not changed in any way by administration of
sulfanilemide or allisd compounds (24, 25). The bloud
elements found in the tissues are also unchanged (26).
Moreover, the sulfonamide derivatlives have Pteen found
by & number of observers to be haermless to various
kinds of tissue cells in cultures when applied in the
concentrations used therapeutically (23, 29). Further,
it has been shown thet no chemotroplc effect upon
polymorphonuclear leukocytes 1s exerted (28).

The effect of sulfonamide compounds on the toxins
of various micro-organisms or on the toxic affects of
these infectious elements is a pressing question. This
carries still deaper into detalled pathologic study.
The effects of the compounds on various toxins have
been studied by meny men. Osgood and Brownlee (29)
claim thet sulfanilamide neutraligzed the hemotoxin of
streptococcl after the manner of an antitoxin.

Bv complicated study of the metebolism of micro-
orgenisms which have been subjected to therapesutiec
concentration of sulfonamide compounds, it has been

suggested by meny works that, since this metabolism
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is in many instances altered, therz may be a direct
baectericidal saffect iIn some conditions (30-33).

The most recent work to be published is that of
Lockwood and Lynch (34). If this work 1s varified 1t
will incite & different sttitude toward the mechanlsm
of action of sulfanilsmlide then 1s now generally
believed. These workers observed that amounts of
peptone of only 1 mg% in culture medium had a definite
effect on the populetion curve, with or without sul-
fanllemide, emphasizing the practiceal inaccuracy of
most of the experimental work on the bactericidsal
action of blocd and serum. Certain bacterial strains
(spparently most of them) require these products of
protein cetabolism to obtain nitrogen for thelr own
metebolism. Thev seem unable to utillze the more
complicated combinations. Thus, normal humen serum,
without sulfanilamide, is not a good medium for propa-
gation of even relatively invasive strains of hemolytic
streptococcci. On the other hend, the addition of
peptone made the serum favorable for even the less
virulent strains. The effect of sulfanllamlide in vitro
is, therefore, only maximel when even small traces of
peptone are eacluded from the serum. Hence, it 1s

likely that under these circumstances the serum medium
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1s deficlent in the readily assimilable nitrogen
necessary for biologic activity.

Lockwood and Lynch worked on the hvpothesis that
sulfanilamide interfered with the ability of hemolytic
streptococel to utilize protein-split products in serum
and that the pressence of peptone provided assimilable
nitrogen in such excess that sulfanilamlde could no
longer act with optimel effectiveness. They state,
"The precise mechanism by which peptone interferes
with the action of sulfanlilamide is, we believe, neces-
sary for any fundamental understanding of the action of
sulfanilemide in vivo,"

Working with freshly drawn human blood serum,
defibrinsted with glass beads, snd an inoculum of young
hemolytic streptococci, they prepared a series of tubes
to incubate. In these were various concentrations of
peptone snd sulfanilemide together and separate. The
same procsdure was used with Bacillus colil in urine,
and in a similar way the action of sulfanilamide on
pneumococci and staphylococei, 1in human serium, was
studled.

The population curves of the various concentra-
tions show that by decreasing the concentration of

sulfanilemide or increasing the concentration of pep-
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tone the proliferation of the micro-orgenisms is en-
hanced by some direct or indirect fashion. The addi-
tion of peptone to sulfanilemide-free control serums
produced a marked increase in the rapidity of outgrowth.
A concentration of a hundred times as much sulfanilamide
a8 peptone 1s necessary to produce bacteriostasis

that 1s as great as in peptons-free serum containing
sulfanilamide.

In the same work, Lockwood and Lynch experimented
with urine and soon saw that in the presence of peptone
sulfanilamide no longer had the power to reduce the
population curve of the colon bacillus. They point
out the fact that in the course of tissue breskdown
peptone 1s present in plentiful amounts, snd that this
could account for the favorable action of sulfanilamide
in the more generalized infections as contrasted to 1ts
fallure to get response in more localized morbidity,
in most instances and reports. Ballenger and his
assoclates (35) show that conditions in the urinary
tract which might lead to an increased production of
products of tissue breskdown may account for fallures
of sulfanilamide therepy. Coincidently this seems
highly feasible.,

The same relations betwesn concentration of pep-

tone and sulfanilamide are shown with Staphylococcus
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aureus are shown, and the effects of peptone on the
actions of sulfenilamide and sulfapyridine on strepto-
coccl and the pneumococcus type III ars studied. 1In
the latter the action of sulfapyridine seems superior.

It 18 of speclsl note that the pressnce of from
0.01 to 0.1 mg of peptone to a large extent overcomes
the bacteriostatic effect of even 1 mg per cublc
centimeter of sulfanilamide (See later-- local implanta-
tion).

With reference to the possibility that sulfanila-
mide may act &s an anti-caetalase, these writers point
out that 1t acts on Racillus coll which is generally
conslidered to be highly resistant to the lethal effects
of hydrogen peroxide.

Lockwood and Lynch offer amezing comment: "Normal
human serum does contain minute quantities of free
amino acids and other derivatives of protein cetabolism.
3ince the organisms that are known to be susceptible
to sulfanilamide are not in general actively proteo-
lytic, 1t 1s reassonabls to suppose that when they are
inoculated into blood serum they depend at least in
part on obtaining assimilable nitrogen for protein
metabollsm from previously hydrolyzed protein. Since
the concentration of such free amino nitrogen 1s rarely

high 1t 1s obvious that the addition of very small
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traces of peptone may markedly alter the amount of
assimilaeble nitrogen and thus significantly lmprove
the status of the serum as a culture medium for non-
proteolytic organisms, such as the hemolytic strepto-
coccus. The fact that effective sulfanilamide action
depends on the exclusion of added peptone suggests
immediately that the drug must act in some way through
Interference with the sbllity of thebacteria to utilize
the traces of assimilabls nitrogen in whole blood,
serum, urine or other body fluids.

"It is possible that sulfanilemide combines in
some way with the free amino nitrogen of protein
degradation products and renders them unsuiteble for
bacterial utilization. This particuler point is still
under investigstion, but other possible explanations
of the precise mechanism involved are also belng studied.
Such a concept would appear to explain why the sulfanil-
amide compounds ars active only egainst certain or-
ganlisms gnd in certain specislized mediums.

"Furthermore, it would explain the failure of
sulfanilamide to destroy hemolytic streptocoecci in
localized areas of tissue proteolysis, such as ab-
scesses or heavily traumatized wounds. It would sccount

for the fallure of these drugs to act on the localized
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suppurative lesions of staphylococcic origin and the
successful results which hasve at times sttended its
use in diffuse staphylococcic cellulitis and bacteremia.
This hypothesis 1s consistent with the spectacular
effects of sulfapyridine in pneumococcic infections,
because of the minimel tissue injury iIn the lung in
pneumococcic pneumonia.”

There will probably be much work similar to this,
and its relations to the now prevalling concepts of the
action of the sulfonamlide compounds seem obvious. This

summary of the article will be later referred to.

As previously shown, sulfenileamide was first
thought of as & specific for hemolytic streptococcle
Infections. This concept hes waned. The followlng
outline (36) summarizes well the morbid conditions
upon which the drug has & satisfactory, therapeutic
effect. This 1s here presentsd as a foundatlion for
discussion tecauss 1t seems most representative of the
literature.

CASES IN WHICH SULFANILAMIDE IS CERTAINLY USEFUL
Acute hemolytlic Streptococcus Infections.

Streptccoccus NMenlngitis.

Primarv Streptococcus Peritonitis.,

“rysipelas.

Streptococcus Septicemla from any source.

Puerperal Infections.

Colon Bacillus Infections-- particularly of the Urinary
Trect.,
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Menlngococcus Meningitis and Meningococcemia,
Gonococcus Infections.

Undulant Fever (Brucellosis).

Chancrold (Ducrey's Bacillus).

CASES IN WHICH CLINICAL RESULTS ARF L%33 CERTAIN BUT
IN WHICH TH™ DRUG MAY B™ OF VALUE

Acute Streptococcus Infections.

Tonsillitis Bronchopneumonia
Otitis “mpyema
Mastoiditis Cellulitis
Sinusitis Adenitils

Scarlet Fever Cholecystitis

Pneumococcus Infections.

Urinary Infections with B. Proteus, B. Typhosus,
Staphvlococcus aureus, and possibly other organisms,

Gas Bacillus Gangrene.

Ludwig's Angina.

Nonspecific Colitis.

Malaria.

Trachoma.

CASES IN WHICH SULFANILAMID® IS OF DCUBTFUL OR NO
VALUE

Most forms of Infectious Arthritis (lately successful).
Rheumsatic Fever.

Staphylococeus Gen=ral Infections (lately successful).
Influenze Bacillus Meningitis.

Friedlander Bacillus Infections.

Putrid Lung Abscess.

Urinary Infections With Streptococcus Fecalis,

Subacute Bacterial “ndocarditis.

The earliest experiments, as shown in the intro-
duction, were with peritonitis in esperimental animals.
It 1s sssential that chemotherapy be started early,
before the peritoneum is much damaged. Menlngococcus
and gonococcusinfections are remarkably held for re~
solution by sulfanilamide.

In cases of streptococcic meningitis the use of
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sulfanilaeamide has been found to bring amazing results.
The dlsease was formerly thought to be practically
elways fatal., It was only a chance of one in & hundred
that recovery would be reached. Gray (37) found only
65 cases with recovery in the medical literature, and
most hospitals have few rscords of rscovery prior to
use of sulfanilamide. In Johns Hopkins hospital (38)
all patients admitted with this disease died, prior to
Institution of chemotherapy with sulfanilemide.
Schwentker, et al (38), first reported the complete
recovery of & patient suffering from such an infection
in which the recovery was without & doubt due to admin-
istration of the drug. This marked the beginning of a
nsw series of vital statistlies as far as the dlsease
was concerned. Arnold (39), and Smith and Coon (40)
also reported recoveries in ths sams year, and since that
time there have been numerous reports of the success-
ful use of sulfanilamide in the treatment of hemolytic
streptococcal meningitis (41-43). Neal (44¢) used a
combination of neoprontosil and sulfanilamide. Long
end Bliss (13) point out, however, that there 1s quite
definite proof that Neoprontosil does not pass over
into the spinal fluid, so there 1s little evidence which
warrants the belief that the comblned use of the drugs

in hemolytic streptococcal meningitis is more effective
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than is that of sulfanilamide alons. They stats
(page 169 in #13), "The available avidence tends to
show that sulfanilamide hes reduced the case fatality
rate in hemolytic streptococcal meningitis from 97 per
cent to about 35 per cent. This latter figure can be
mede lower if the Al sesse 1s recognized in its incep-
tion and then intensively treated with sulfenilamide."
It is surprising that the literature offers so
few references to streptococcus peritonitis. Most are
assoclated with puerperal infections. Colebrook and
Kenny (24) reported a series of cases of puerperal
sepsls treated with prontosil. Of the ten psastlents,
there were four with generalized peritonitis and six
in which there were indications of a beginhing gen-
eralized peritonitis., In this group of ten, there was
one fatality. Foulis and Rarr (45) reported four cases
of generalized peritonitis with three rscoveries. Long
and Bliss (11) report one case with complete recovery.
A recent article gives some good results with use of
sulfanlilamide in treatment of peritonitls assoclated
with appendicitis. It is to be noted, however, that
this series 1s not of specific infection, (46). With
reference to thelr serles of peritonitis cases in
general, they state, "The mortality in & series of
809 consecutive cases of acute appendicitis has been

reduced from 1.5% in the first 552 cases to 0.4% in
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the last 257 ceses., This Improvement is, we belleve,
the result of the smplovment of sulfanilamide in all
severe cases in the latter group." In relation to
feasabllity they state, "Sulfanllamide readlly diffuses
into the peritoncal fluild in the sxperimental animeal.
All the avallabls material indicates that the peri-
tonsum 1s a favorabls site for the action of sulfenil-
amide.:

If mesns could be used to dlagnosse cases of primary
streptococcus peritonitis, it is most probavle that the
mortallty and courss of infection could be reduced
amazingly by employment of sulfanilamide.

There can be little doubt that the introduction
of the sulfonamide compounds in chemotherapy has con-
siderebly reduced the mortality of erysipelas.

Toomey (47) reported 1907 ceses. In the 1313 untreated
cases the mortality was 15.5%, in those in which
antitoxin was used (520) it was 13%, and in 74 cases

in which sulfanilamide was used the mortality was 4%.
Snodgrass and his associates (48, 49) have shown that
the mortality from ths disease in the Ruchlll Hospital
in Glasgow, Scotland, has been reduced from 7.9% to
2.3%. These workers all show that the clinical course

of the disease is shortened as well as its danger to
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l1ife lessened. The disease has always claimed more
people in the aged and young groups. These groups seem
to be especially aided by the drug. If any abscess
formation occurs, surgical drainage should be instituted
to hasten recovery. Dosage for the infection i1s qulte
es 1s used in other cases, however, some fesl that 1t

1s especially important to have a high blood-concen-
tration of the drug here.

Most of the cases of septicemia, as with the
peritonitis cases, are in relation to puerperal infec-
tion or local infection or such, where the diagnosis
is inferred. Colebrook and his associates (20, 24)
in 1936 reported 12 cases of hemolytic streptococecal
bacteremla among their puerperal sepsis cases. Of
these, eight were uncomplicated by coexisting per-
itonitis. Thess patients were treated with prontosil.
In one of these cases the blood culture showed 5,000
colonies on the first two days of treatment, 3,000
colonies on the third day, and on the fourth day of
treatment the blood culture weas sterile. The patient
was discharged on the tﬁenty-first day. In another
case, sulfanilamide therapy for four days resulted
in normel temperature and pulse, and in sterility of

the blood which had previously ylelded positive cultures.
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In a third case the blood culture became sterils on

the third day of treatment, metastetic abscesses asso-
ciated with the bacteremia rapidly resolved, and the
patient's general condition raridly improved. In a
fourth case, there was s spectacular remission of the
signs and symptoms in twenty-four hours after the
beginning of treatment, followed by a steady improve-
ment of the patlent's condition. There were three
fatalities in this group of 12 patients. Foulls end
Barr (45) encountered only one fatalitv in their series
ol cases of puerperal sepsis among which eight, in-
cluding the fatality were septicemic. Robinson (50)
presented a case of hemolytic bacteremlia with broncho-
pneumonia following tonsillar enlsrgement and purulent
cellulitis in the neck. 1Incision and drainage in the
neck region was instituted and antiscarlatinal serum
end sulfenilamide were used and the patient recovered.
Scal (51) presented a case which followed & sinusitis
end hed concomittent joint involvement and recovered
after administretion of the drug. McCarthy (52) re-
ported a case of postscarletinal hemolytic streptococcal
septicemisa which was cured efter use of nsoprontosil esnd
sulfanilamide. Whitby (53) reports four out of five

favorable results., In all these reports it seems to
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be essential that chemotherapv be maintsined until
complete recovery 1s obtaina=d.

Other forms of septlcemia have been reported as
responding fevorably to administration of the drug.
Dyke (54) has reported that the administretion of
sulfepyridine brought sbout a prompt recovery in e
patient who was 111 with & pneumococcsl septicemia
occurring efter & lobar pneumonis which wes accom-
peniled by empyema. O'Brisn end McCarthy (55) noted
the recovery of a patient who hsd been 111 for sixteen
days with a staphylccoccal septicemia. nQuite recently
(56) two cases of bacteremia with Staphylococcus
gureus hemolyticus were trested by sdministration of
sulfanilamide with gocd results.

Colebrook and his assocliates in 1936 (24) showed
thet there were such remsrkeble results from the use
of the sulfonamide compounds in puerperal sepsi s thsat
ths fetelity of ths infection could be astonishingly
reduced., Their work is so clear that it leesves no
room for doubt. The clinical reports of publlicsations
since that time hsve not been able to enlsrge upron the
point to any considersble extent. Further reports
seem only to substantieate the more early work. Colebrook

et al (57, 58), used the Prontosils in their treatment
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and these drugs asre still used in this diseasse. It
was this carly work which 124 to the more or less
gensral use of the prontoslls in cases where the in-
fecting egent 18 a hemolytic streptococcus. There
doesn't seem to be much indicsetion thet thev ere ef-
fective in puerpersl sepsis due to the asnaerobic group
nf streptococci. Colebrook end Kenny (57) reported
that from 1931 through 1935 the mortelity in puerperel
infections in Queen Cherlotte's Hospital that wers due
to hemolytic streptococci varied from 16.6 to 3l.o

per cent per yesar, while the number of desths from
streptococcal peritonitis varied from 15 to 23 per yesr
during the seme period. Prontosil therapy was started
in Jeanuery, 1936, and from then until August, 1936,

64 petients 111 with hemolytic streptococcal puerperal
sepsis were trested, with a case fatality rate of

4,7 per cent and one death from peritonitis. It was
further noted in the treated pstients that no pelvie
messes developed after treatment had been commenced.

A prompt fall in the tempsrature within twenty-four

to seventy-two hours was noted in the majority of the
patients trsated with the Prontosils. Rarely were
recurrences of the fever encountered. Twelve of the

64 pstients had blood cultures positive for beta
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hemolytic streptococel when therepy wes be.un,
and of these, nine mede & prompt recoverv. It wes
brought to Colebrook's attention that the case faotality
rate of the patients 111 with streptococcsl puerperal
fover sdmitted to the Northwestern Fever Hospital in
London hsd declined from 22 per cent in 1633 to 5.26
per cent for the first half of 1936, while no such
decline hsd teen noted in the fetslity rates recorded
in puerperal sepsls In Cueen Chsrlotte's Hospitel dur-
ing the same psriod. Thus there was the cuestion of a
decline in virulence of the hemolytic streptococcus
rather than the effects of Prontosil therepy which was
ceusing the changed fetality rate. However, it was
observed that, whereas the rates dropped at North-
western Fever Hosrital, it was only after the instil-
tutlon of Prontosil therapy that the death rste dropped
&t Quean Chsrlottet's Hospitasl. Also 1t was concluded
that twenty or thirty of the more severe ceses surely
must have responded to ths drug, for the recovery was

phenomensl.

Coming to the urinary tract in the originaelly
accepted outline for this therspeutic discusslon 1t
has this month, since the work of Lockwood and Lynch (34),

become advisable to dissertstz: Mellon and fellow
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workers (32, 59) presented the "Phenomencn of Poten-
tiation". 1In explaining this phenomenon they cerrizd
out lengthy sxperiments. ‘hese men had a case of
meningitis which recovered with grest repidity after
the administration of sulfanilesmide. They used the
bacteria from this cese for in vitro experiments since
they assumed sulfanilesmlde should undoubtedly have
remarkeble effect on this straln. They made their
dilutions using a broth as & diluting menstru.m, end
found that the bacteriostatlic effect of the sulfanila-
mide was completely lost in 24 hours, end was not as
appreciable, as 1t surely was in thelr patient. They
then proceded to use various dilutions of serum and
combinations of serum send broth, and found the bacter-
fostetic action of ths sulfanilemide still not suffi-
ciant to account for the remarkeble effect in vivo.
Next they made theilr dilutions in an 0.85 per cent
solution of sodium chloride and found that the number
of colonies wes less with and without the sulfanilemide.
They here pointed out that this solution of sodium
chloride itself had a bacteriostatic effect. The
bacterioststic effect was then studled when serum and
selt were used in verious dilutions, and then they

carried out the dilutions with serum, salt and sul-
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fanilamide., Here they found that instead of a summat-
ing bacteriostatic effect of the sglt and the sulfenil-
amide an even far greater static effect was noted.
Therefore, they concluded that there was a "potentiat-
Ing" effect of the salt so that the effect of ths sul-
fanilamide approeched thet essumed to have taken jlace
in the body of ths pstient with the remarksasbtle re-
covery.

Besides showing the probability of meny mistsekes
being mede in such work, they elso brought up meny
new questions relative to the effects of sulfanileride.
¥Many of these were directed to therapy in urinary tract
infections. "Does the urine potentiate sulfanilamildets
action in infections of the genlto-urinary tract?"
they ask. They poin* out that in ceses of cystitls,
pyvelitis, and such it seems most possible that the in
vitro bacteriostatic effect of the sodium chloride
could be transferred.

Kenny, et a1l (60) have shown remerkebly rapld
sterilization of the urine in 46 cases of pyelitis due
to Racillus coll after administration of sulfanilemide.
Th= urine often contained as many &s 125 million
orgenisms per cublc centimeter in advance of trestment.

In sttempting to find the answer to their querpy
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concerning urinary tract infections Mellon, et gl
prapared a series of dilutions, seeded with a micro-
organlsm obtained from & cystitis cese. The dilutions
were mecde, respectively, in broth alons, urine and
broth end urine alone, 80 that all possibilities of
combinations of culture medium, diluent, test medium
and concentrations of sulfanilamide were used. From
this work they had wonderful evidence to conclude that
"a critical becteriostetic effect of sulfanilamide can
only be obtained in vitro under conditions where the
orgenlsms are not only tested in urine, but diluted in
urine gs well., If they are diluted in broth, even though
the tests are made 1n urine, the effect of the sul-
fanilemide is negligible."

Thus it was shown that the sulfanilemide worked so
marvelously in urine becsuse urine was the only medium
present, The urine, they theorized, had the "poten-
tiating =ffect" that they had previously attributed
to a solution of normal saline. They also pointed out
that when there was any tissue destructlion present in
cases of pyelitis or cystitis the sulfanilemide no
longer was as effective. This, they argued, was due to
the changes in the chemicasl meke-up of ths urine in

the presence of the protein cetabolism, send was quite
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similer to their in vitro experiments where they
diluted thelr seeded urine with broth or used the
broth as & test medium,.

Now this work must be correlated with the recent
work of Lockwood and Lynch (34), previously described.
It will be remembered that they concluded thet sulfanill-
emide acted only in the presence of a limited amount
of psptone, and thus they explained the fact that the
drug could combat an acute, generalized infection,
whereas, 1t could not cope with a situation in which
there was tissue destruction, because of the presence
of an overwhelming amount of peptone from protein
catabollism,

In projecting Lockwood and Lynch's work on theat of
Mellon, et al, we can see that the reason sulfanilamilde
acts in the urine dilutions and not in the broth dilu-
tions, in the saline dilutilons and not in the broth
or broth-serum dilutions, is that there 1s plenty
avallable nitrogen in the form of bresak-down products
of protein in the broth, which sre obviously not pre-
sent in the selt, or appreciably so in the urilne.
However, as pointed out, the drug did not work in the
face of tissue destruction. Here agein 1t could be
that this 1s because of the presence of peptones.

This seems a logical explaination of a great work.
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The urinary tract Infections, as above described,
eare much nesrer in vitro experiments than anything
worked with heretofor. Once more 1t seems thst the
urologists have the oportunity to do thourough work,
with a profound understanding, becsuse they can see
whet they are doing. On the other hand, 1f this work
holds up, the ection of sulfanilemide throughout the
body can now be better visualized.

Working in this body system, and with these
theories, another major point 1s brought to view., That
point 1s the complete lack of specificlity of the
sulfonamide compounds. It 1s now more than ever seen
that i1t 1s not the genus or species of the micro-
orgenism that 1s concerned so much as the manner in
which 1t manifests itself In its morbid sctivity in
the body. Many micro-organisms seem to have no sus-
ceptabllity to the therspeutic action of sulfanilsmide
whatsoever, but the most of them have shown soms wesk-
ness, In the body, however, many of these infectious
agents manifest themselves in such a manner that 1t is
improbable that they will ever be satisfactorily com-
bated bLv thesse known methods of chemotherapy.

In a recent article (36) some cases of urinary

tract infections were analyzed according to the or-
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genisms in the followling chart:
URINARY TRACT INF CTIONS ACCORDING TO ORGANISMS

Cases Cured
B. Colil 29 22
B. Proteus 12 2
K. PFriedlasnder 2 0
B. Pyocyaneus 2 1l
Staphylococcus aureus 2 1
Nonhemolytic Streptococcus 2 2
Enterococcus combinsd with B. Coli 3 1

B2 29

A grest many different micro-organisms have been
experimented with and tried in clinicel combat. It
1s sufficient to say here that most have some response
reported, so the drug may be tried, at least.

It 1s important to beware of kidnev demage in
administration of sulfanilamide. After several days of
chemotherepy there will be & considersble h=aping up
of blood concentration of sulfarilamide if it is not
properly excreted. Another important thing to remember
in dealing with the urinary tract is that sbout hsalf
of the drug 1s in the urine in its inactive conjugate
form. This 1s the acetyl derivative that is also
found in the blood streem. There 13 & considerably
gregster amount of thls form found with the adminlstra-
tion of sulfapyridine, but this drug is superior 1n
action in meny instances. Because of the greater

emount of the conjJugate form, crystals often bring
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hevoc 83 will later be shown In the discussion of 111
effects,

Schwentker, Gelmen, snd Long (61) withheld specific
menlngococecal antiserum in ten cases of meningococeel
meningitlis in 1937. Instead, they administered sul-
fenlilamide subcutaneously and Intrsspinally, and all
but one of these patients recovered. The one fatelity
was very 111 on admission and was considered lost any-
way. There were signs of encephslitic involvement in
this cese, and concomlttent pneumonia was met on the
fifth day. The spinel fluid of this pstient had been
sterlile for three deys and there was a marked reduction
in the spinal fluld cell count to 158 cells on the day
of death as & result of sulfanilamlde theraspy. All
petients responded with & reduction in the spinsl
fluid e¢ell count which occurred progresslvely Leginning
with the institution of the therapy in some cases and
precipitously, sfter seversl days, in others. The
spinal fluid and the blood during this time hecame
sterile. 1In addition, a child that had meningococcal
septicemie without meningitis, was alsc cured in the
sSame mannar.

Harvey and Jeneway (62) mentioned the cass of a
ten-month-0lé baby menifesting meningccoccal meningitis

that was recovering as & result of sulfanilamide therery,
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but developed hemolytlc anemla which necessitated &
number of blood transfusions. The petient recovered.
Among the more extensive confirmatorv pspers sre those
of Ranks (63) and “aeghelstein (64). These and many
more reports show this to be one of the astounding uses
of the sulfonemide compounds. There are many points

to consider in therspv here, the detalls of which
cannot be discussed. There ere differences in which
the sulfonamide compounds diffuse into the srinal
fluid. The prontosils seem to diffuse most poorly.
There 1s a lag in the concentration in the spinal fluid
as contrasted to the blood concentration. The use of
intraspinel administration has been less prominsnt

in late reports, but it may have 1its place. Combina-
tions with antiserum ere used also,

Long and Bliss (13, page 188) report excellent
curative results after intensive therepy with the drug
in five patlents suffering from acute meningococecemis,
without signs of meningitis,

One of the most important developments in the
administration of sulfanilemide was the introduction of
trecatment of gonorrhea by this method. The first
significant reports wlth favorable\results were by
Dess and Colston (65) and Herrold(e6). Since that

time a great deal of literaturse is to be found. Among
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the few who found unsatisfactory response are Anwyl-
Daviess (67), and Brunst, Reinhardt and Shaw (68).
There is no unanimity of opinion &s yet, regarding ths
optimum time for beginning treatment, the amounts of
th:s drug that should be used, the duration of thersapy,
or the auxilisry measures which should ce instituted
in the course of treatment. It seems, from a review
of the various opinions upon the subject, thet the
later therapy 1s started in thes course of the dlsease
the more successful are the ultimate results. 1In
Deas and Colston's original paper (65), it was noted
that while failures in treatment occurred in only 7.5 per
cent of fresh cases, 11.5 per cent of the patients
previously treated by other methods did not respond to
sulfanilsmide. Herrold, however, reported that only
four of 14 patients 111 with acute gonorrhes made a
quick response to sulfanilamlde therapy. He also
advanced the possibility that better results would be
ottalned in new infections if the pstlent had previously
had gonorrhea than in those individuals suffering from
their first attack,

Many of the early reports on the use of the sul-
fonamlde compounds were dissappo;nting because the

wrong drug was used. Prontosil therapy is now known
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to be unsatisfactory. As before brought out in this
peper, in view of the present knowledge of drug actlon,
the effects in the urinary tract ars quite similar to
the 1n vitro reactions, and the prontosils must be
reduced to an actlive form in vivo before they will
have a bacterlostatic effect. There 13 no reducing
agent in the urine of sufficlent power to do the work
of the magnesium powder in vitro.

With reference to the previously made statement
that it seems that therapy is best started after the
disease has been active for a few days or more, Alyea
and his co-workers (69) concluded from their studiles
that the patient who starts treatment a week after the
onset of his discharge has an equal chance of being
cured with one who begins treatmsnt sarlisr. Breakey
and Harrold (70) however, reported that the aversge
duration of infection wes twenty-one days in their
sacutely 111 patients, and fory-five in the chronic cases
when treated with sulfanlilamide. This is to be con-
trasted with an averasge duratlion of infection of one
hundrzd and four davs in 50 of their patients treated
previous to the introduction of sulfanilamide. Colston
and his assoclastes (71) divided their patients into

those who had anterior urethritis, anterlor and post-
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erior urethritis, end anterior and posterior urethritis
with complications. The average duration of the disease
in these three groups was twenty-seven, twenty-elght,
and thirty-three dayvs respsctively.

In the last year there have been reports, too
voluminous to describe in this paper, of the use of
other sulfonamide compounds in the treatment of gon-
orrhsa. Many men are now using sulfapyridine for chem-
otherapy here. Sincs this drug acts 1n & fashion
similar to sulfanilamlde, and in meny instances show
greater action, it is probable that the success claimed
for it 1s well founded. It must be remembered that
well over half of this drug 1s in the acetyl derivativs.
This product 1s inactive and 1s to producas hsrmful
erystal deposits in the urinary trect. Consequently,
the drug must be used with care, and the fluid balance
of the patient ss well as his acid base balance must
be well watched. These dangers will be dlscussed later.

Roth (72) reported a series of cases of specific
urethritls, for which he used Disulon, & brand of
sulfanilyl-sulfanilamide, for chemotherapy. In a
group of 44 cases of acute gonorrhea treated with
sulfanilamide he obtained a 47% fraction of complete

cures in two wecsks. TIn a seriss of 22 cases that were
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treated with sulfanilyl-sulfanilamide he ootained

73% cures in this same length of time. In a series

of his private cases, at the same time, he reported

71% of 42 cases resulted in two-week cures when treated
with potassium permanganete irrigations and sulfanil-
emide. With the same irrigations but with Disulon as a
chemotherapeutic agent he obtained 92% cures in two
weeks. There were also 12 cases which did not respond
to sulfanilamide that d4id respond to Disulon.

In the face of such reports as this for other
derivatives, 1t surely 1s advisable to try sulfapyridine
or sulfanilyl-sulfanilamide if good results cannot be
ovbtained with sulfanilamide.

That sulfanilamide is extremely beneficial ther-
apesutically in cases of uncomplicated gonorrhea has
been shown by many workers (65,66,73-76) however,
there are still other attributes offered for the drug
in iInfections where the gonococcus 1s the infectious
egent. Coggeshall (77) et al report a series of cases
of arthritis from the gonococcus. They showed that in
cases of gonorrheal arthritis the sedimentation rates
fell very reapidly upon administration of the drug,
showing striking and immedlate relief. The sedimen-

tation rates remained the same for a simlilar series of
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cases suffering from rheumatold arthritis where no
change of the c¢linical course was observed. They
showed how the lasrgest percentage of c¢linical cures
can be obtained in retients with gonorrh=al erthritis if
sulfanilamide in doses sufficlent to maintain & blood-
sulfenilamide lavel of 10 mg#% or higher 1s maintained
for a week or longer, and it 1s administered esarly.

There 1s & recent report (46) of a series of 100
patlients with gonorrhea who were treated with sulfanil-
amide alons resulting in 457 cures in two weeks. The
writers suggested that giving vitamin C with the drug
would improve the figures. They also used 1t with
gonococelc vaceine and obtained 81% two-week cures.

"ithout a doubt, the use of sulfanilamide in treat-
ment of gonorrhea will do a2 great deal in helplng to
rid tha populace of dlsease, and to rellsvae them in
suf'fering.

Brucelle infections have attracted much interest
of workers with sulfanilamide. There 1s a good deal
of work done with these micro-organisms to try and
detormine whether or not the drug has any effect on
antibody formation. Welch, Wentworth and Vaisman (78)
did much work on this subject and finally concluded,

"Tn Brucelle infections sulfanilaemide sappears to act
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through stimulation of the defense mechanism of infected
animals by increasing the production of specific
opsonins, thus effecting neutralization of the endo-
toxin or aggressin-like substances, with resulting
phagocytosis."”

Keto and Lane (79) reported the case of a six-
year-old girl suffering from undulant fever who was
treated with sulfenlilemide. Two relaspses occurred,
each of which was also similarly treeted. No conclusions
were drawn nor was any statement made of the effect
of the drug on the clinical course of the disease.

Heretofore, chancroid has besn a stubborn afflic-
tlon to hendle. Therefore, the medical field is pleased
with the marvelous results obtalned with sulfanilemide
therapy. Many workers have reported good response
(80-84).

Hutchlson (81) has observed that formerly it
required an average hospital attendance of forty-six
days before a chancroid with or without bubo was
cured, and inclision of the tubo had to be performed
in five out of six cases. Since the introduction of
sulfanilamide therapy in this disease he had not
performed an incislion and the average hospital at-

tendance had been reduced to fiftesn days.
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A great deal of the 1llness found smong patients
in a general prectice 1s due to tonsillitis, pharyn-
gitis, and sinusitis. Since the introduction of
sulfenilamide it has carried the reputation of being a
more or less specific drug for streptococci. Con-
sequently in many ceses of pharyngitis 1t has been
immediately adminlstered because of the impression
that most of such Infections are due to the strepto-
coccus. Fven when this is the infectious agent, it
must again be emphssized that the materisl on the
effects of the drug, more and more show that it is not
the infecting micro-organism that is entirely respon-
sible for whether response will be had or not. The
way 1n which that infecting agent menifests itself in
the morbld condition must also be considered.

In agreement with many men recently before them,
Rhoads and Afremow (85) report & series of sore throats
from which hemolytic streptococcl were cultured. Half
were treated with sulfanilemide and half were not.
Some cases had to be dropped from the series because of
toxic reactions which necessitated the discontinuance
of the drug after & few davs usage. They found the
drug not to reduce the severity of the symptoms,

shorten the period of incapacity or reduce the incidence
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of complications. The carrier state was also seen not
to be shortened because the cultures were positive for
& longer time in the trested group. The trested group,
probebly coincidentally, wes hospitalized longer than
the control group. Careful study of the reports
presents the impression that if the twe columns wers
not labeled onz could no* tell one from the other. The
only differences In the courses of the two columns is
that toxlc manifestations of the drug other then the
usual cyanosis occurred in one half of the cases in
which sulfanilamlde was administered. In some Insten-
ces these reactions sven brought serlious concern.
These writers conclude, "It is not wise to meke sweep-
Ing generalizaetions on the base of one serles of
controlled cases. Sulfanilamide 1s a drug of proved
value in severe infections of deep structures due to
the hemolytic streptococcus. However, in the aversge
uncomplicated case of tonsillitis orphsryngitis due to
hemolytic streptococcl the advisability of its routine
use 1is guestionable. Certainly no physicien should

be censured for withholding the drug in these condl-
tions unless complications such as severe cervical
sdenitis, paranaesel slnusitis, otitls medie, mastold-

itlis or meningitis supervenc."
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Long snd Bliss noted thst sulfanilsmide therapy
radically altersd the course of acute streptococcal
otitls medls (30). Since thet time many other ob-
servers (86,42) have varified their reports. Hageman
end Bleks (86) reported thet ell of 11 petients suf-
fering from otitis media recovered from their disease,
without complications, following sulfanllamide therspy.

The problem of whether it is = wise procedure to
treet 8 simple acute streptococesl mastolditis with
sulfanllamide alone 1is g difficult one. Hagemen and
Bleke (86) have reported that only two of 11 pstients
who were treated with sulfanilamide for acute strept-
ococcal mastoiditls required mastoidectomy after sulf-
anilamide was started. 1In nine instances the diseass
subsided without surgical interventlon. These men also
recommended the use of sulfanilemide in treatment of
acute mastoiditis following mastoidsctomy. These men
reported, a&s well, that only one of nine ceses of pur-
ulent hemolytic streptococcal sinusitis required sur-
glcal treatment after sulfanilamide had been started,
and in this one patient a mixed bacteriel infection was
present. Other observers (87,88) have stated that
they noted favoraﬁle effects following the therepeutic

use of'the drug in ecute sinusitis. These men also
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noted remarkaeble response of chronlc otitlis m=sdia and
mastolditis,

Long end Eliss (13) state that thev hesve had ex-
cellent results in trsatment of cellulitis with sulf-
anilamide. They show thet the use of wet soaks or
packs, es is customarv, 1s unnecessary as an adjunct
to the treatment, andit may do herm because 1t leseds
to abscess formation. Theyv state that the drug should
be continued until at least two days of normal temp-
erature have elapsed and there 13 a merked regression
of the locesl lesion. Thereafter it should be continued
in lessened doses until racoverv is complete. If an
abscess 1s incised, ths drug should be continued in
small amounts until the wound has heeled.

Hagemen and Rlake (86), and McIntosh and Wilcox
(87) have shown fine results from sulfanilamide therapy
for lymphadenitis from hemolytic streptocoeccic infection.
They give lower blood concentretions of the drug than
1s usually held for other infections. It may be
promptly di scontinued when the lymphadenopsthy hes
receded. Here ageln the soaks seem unnecesssary.

Hageman and Elake (86) end Fleming (R9) first
have shown good results in chemotherspy for hemolytie

streptococcal pleurisy. Surgical Intervention should
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be used only i1f absolutely necessary, they insist,

There 18 a good deal of confllct of opinion re-
garding the effectiveness of sulfenilamide agasinst
scarlet fever, Paul N. Morrow of ths Unlversity of
Nebraske College of Medlcine tells of a very large
series he followed on pedlatrics st The Philadelrhia
Mospital for Contegious Diseases. The final obser-
vations were so confusing that the variatlons could
all be from imperfect stetistical methods. There weas
no tangible improvement under this therepy, elther in
course of disease or number of complications.

Mellon (14) discusses scarlet fever at great
length in setting forth criterla of therapeutic efflci-
ency, with reference to sulfanilamide. He reminds the
reader of the mistaken impression that once preveailled
concerning the similerity of streptococci. Workers
then thought that 1f a serum should be effective against
erysipelas it should also be effective against scarlet
fever. However, it was soon found that the serum used
for one not only would not work on the other, but the
serum for the erysipelas of esdults would not combat
that of the infant, in which the mortality from the
disease ranges from 80 to 90 per cent! He (14) de-

scribes sulfanilamide es a "non-specific serum", going
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on to discuss the variation in ags of the patients
suffering with erysipelss who respond to therspy. Here
sgaln the error is seen in thinking thst sulfanil-
emice 1s & specific chemotheraspeutic agent for strep-
tococcic infections. Once more 1t must be stressed
that the ability of the drug to act sesms to depend
not only on the micrc-organism eoncerned with, but
elso on the menner in which thet micro-orgenism mani-
feats 1tself in the morbid process in the body.

Observing this fine veristion in streins of
streptococcl it is no wonder thet reports vary so
much on effect of the drug on scerlet fever. The
writings are so voluminous on this sub ject that thsy
cannot be completely covered here. It may be ststed,
however, thet for every attribute found for sulfanil-
amide in this instance there is a contrery one. Ssko
and his associstes (90) conclude, after study of an
extensive series, that the drug should be used &t ths
onset of the dilsease, and, slthough it does not alter
the course of the fever period, it considersbly cuts
down on the number of complications. On the other
hend, Toomey (91) concludes, after a similar study,
that the drug does not cut down on the number of

complications at &ll, but should e used if these
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complications arise. Now, when we can realize that the
drug has no action against most infections where there
is a locsl problem at hand, we wonder if it cen e
of any benefit for these complications, since they are
of such a nature in most instances. Surely, the tissue
destruction in a pharvngeal abscess would prevent any
local sction of sulfanlilamide, snd it has been prev-
iously shown that only part of the casses of otitis
medla are of a nature that will slow action of the
drug. Still, at the same time it was shown that, in
view of occasional benefits, 1t should be triled in
most cases.,

In cases of scarlet fever, surcly, 1f signs of
toxlc reaction ere met, the drug should no longer be
administered, for there 1s no indicetion that sulfanll-

amide 1s & very important therapeutic agent,

The introduction of sulfapyridine haes brought
meny favorable roports concerning its use in combeting
pneumococcus pneumonia. Prior to this development the
benefits derived from the sulfonamide compounds in
treatment of lobar pneumonie were scant and in no way
comperabls to the results schieved with antiserum,
Heintzelman, et al (92), offered one of the earliest

works in this llne, Nineteen cases of pneumococcus
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pneumonie were reported by them. Nins were treated and
ten were used as controls, The pneumonis was of Type III.
Seven of the nine treated ceses recovered, and two
dles, in contrast to the ten untrested ceses, among
which two patients recovered and eight died. They
found thet 1if the drug wes glven early in the disease
the chances of benefit from it was better. A few other
workers (93,94) also gave favorable reports of the use
of sulfanilemide in the treatment of lobar pneumonisa.
However, there seemed to be no evidence that broncho-
pneumonis would respond. FRvans and Gaisford (95)

were the first men to report the fine response of
pneumocoeccus pneumonia to sulfapyridine. A hundred
petients who were suffering with the disease were
treated with the drug and a hundred others were given
only symptomatic trsatment. There wess no gppsrent
difference 1n ages of the two groups or in variance of
the types of pneumococcl discovered. Tho cases were
all received at the same season of the year and from
the same locelity. Only 44 of the 200 petients were
successfuly typed. The fatallity rate in the treated
series was elight per cent, whereas In the other group
the rate was 27 per cent. Of those patients who re-

covered, 44 had a normal temperature by the sixth
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day in the treated group, while only 20 in the untreated
series had normal temperatures on the sixth dsy. If
the trcatment was discontinued too soon in the course
of the disease, secondary fevers assoclated with
recurrences or a spread of the pneumonis were noted.

Following this impressive report, there was much
study of chemotherapy for this disease (96-100). These
papers were not only confirmetory in nature, but they
also be came increasingly more demonstrative of success,
until now 1t 1s frequently a decision to be made-- to
use the drug or the serum. The journals of the ysear
1839 carry too much material to describe in the space
here alotted. Suffice to say that results are about
as good 1n cases treated with sulfapyridine as in cases
treated with antiserum (10l1). Most writers emphaslze
the fact that patlients should still be typsd because of
occasionally finding one who does not respond satis-
factorily to drug administration. Some recommend use
of both the antiserum and the sulfsaspyridine. This use
of sulfapyridine 1is far supsrior to similer use of other
sulfonamide compounds that have &s yet been tried.
(101,102)

As this paper 1s today written work 1s being done

with sulfapyridine in treatment of pnesumonla. The
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Omaha World Herald (Tuesday, Marcéh 19, 1940) carries
the following issociasted Press dispatch: '"New York,
Merch 18-- A displev showing a drop of 40 thousand in
pneumonia deaths in the United States in the last yesr
will be one of the new exhibits at the New York world's
fair this summer.

"Sulfapyridine, the new medicine for pneumonis,
will be shown a&s playing an important psrt i1n this great
saving. W"whether the surprising drop from 130 thousand
deaths in 1938 to 91 thousand in 1939, was all due to
the new remedy is not yet known.

"Medical reports hesve pointed to the possibility
some of the decresse in 1939 might have been because of
milder types of pneumonis thet year.

"However, the exhibit will contain evidence thet
sulfaepyridine lsst year cured nine out of svery 10
persons to whom it was administered."

It 1s interesting to note that in the seme edition
there 1s evidence, through the International News
Service, that two persons, one in Chicago and one in
San Francisco, were showing wonderful response to
sulfenilamide administration for staphylococcic sep-
ticemia. The pace these drugs are setting 1s phenom-

enal!



49

One of the most talked of uses of sulfenlilemide
the lest few months 1s its local irmplantetion. The
amount of talk, end probably the amount of use of this
nature seems to far surpsss the litersture on the subject.
An obstetricel term sgo Jensen, Johnsrud and Nelson (103)
reported local implantetion of the drug in compound
fractures with favorsble results. These men treated
39 compound fractures with this local implentaetion of
the drug snd ss 8 result found no single primery wound
infection., Of 94 cases treated iIn as nearly exact
fashion as possible except for the locel implanta-
tion, 27 per cent resulted 1n primary wound infection.

These men pointed out the following fectors to be
concerned with here: Sulfanilamide crystals in a wound
dissolve slowly. The lsst of the drug leaves the bodyv
in ebout 60 hours. WMarshall, =t a8l (104), showed that
af ter one single lerge dose of sulfanilamide, the lest
of it wes excreted by 24 hours. Therefore, Jensen,
et al concluded that there must be still some of the
sulfanilsmlide at the wound slte for at lesst 18 hours.
These latter men go on Lo stete that the highest
blood level of the drug in thelr patients so treated
was found in 18 hours. These latter men go on to show

that since the solubility of sulfanilamide 1s 0.8
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per cent at body temperaturs, this concentration of
the drug 1s probeble at the wound site. Thus & con-
centration of 800 mg% is meintained for a considersble
length of time, wherees only 10 to 20 mg% can safely
be mainteined by administrstion per os. From these
fects 1t cen be seen that a concentration of R0 times
the megnitude 1s theorstically obtained. These men
conclude that this manner of trestment uses a beacter-
icidal effect of tho sulfanilamide for organlisms more
susceptible to the drug and a bscteriostatic effect
for others.

Jensen, et al did some experimenting with gulnesa
plgs In the followlng manner. They used seventesn
animels. Seven were used as controls. 1In the controls
they fractured a rib with scissors through a wide
incision, end in the other ten 0.5 gm of sulfanilamide
wes Implanted in similarlv produced compound fractures.,
Five out of the sevan controls had primarvy wound in-
fection, while seven out of the 10 of the others healed
uneventfully. Of the ten treated animals it 1s of
note that one of the three which suffered infectlon
was not closed tightly, to observe the effects if ths
drug could fall from the wound, and another of those
infectzd hed had blood drawn from 1ts heart at frequent

intervals.
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Jensen, et al conclude from their fine study
that, "The local use of sulfanilaide has open:d the
way for mors sffective treatment of contaminated
wounds. The amount to be used in each specific wound
depends upon the sxtent of trsuma and contamination.®
They recommend 5-20 gm (no more), and show the neces-
sity of palnstaking debridemsnt. They nelieve the
drug only bacterlostatic against staphylococci, even
in concentrations approaching one per cent.

Since the work of Lockwood and Lynch (34) with
peptone broth it will be interesting to see further
work in this 1line. ILockwood and Lynch show that a
concentration of sulfanilamide must be sbout 100 times
that of the products of protein catasbolism before there
is therapeutic effectiveness., Work is therefore
warranted in these higher concentrations. The con-
centration of pertone in the tissue fluids at & wound
site ®uld easily be 10 mg?, and if this concentration
were reachad the concentrstion of 800 mg% of sulfanil-
amide would be insufficlent.

This would encourage complete debrldement as
recommended by Jensen, et al (103)., On the other hand,
1t seems there has been evidence (before presented)

that certaln instances where there is a small degree
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of tissus damage as In otitis media, certain ceses of
cellulitis, and such, there has besn a favorable
response to sulfanilemide. This brings out the point
that a line must be drewn somewhere showing the degree
of tissue destruction that 1is necessary before any
beneficial response 1s possible., It also shows that
the drawing of this line, as with the drawing of simi-
lar lines in medlcine, i1s practicelly impossiblse.
Since the wound infections sre here non-specific, the
non-specificity of our drug is egain seen!

The attributes of local implantation are highly
feasibles. Study of effects for guldance of use sgre
inadequate. Since a wound is eassily seen for study,
1t 1s not belleved ostentatious to think that this
pharmacologic study 1s necessary. Since sulfanil-
emide i1s taken up by the body tissues without epparent
damsge to them, 1s it possible that here is a satis-
factory antiseptic? The actiOn 1s sbove stated bv

Jensen, et al to be bacteriocidall

Clostridi: m welchii infections have also brought
considerable comment in the last year. ZFEarly in the
history of sulfanilamide, Bohlman (105) reported
three cases of gas gangrens which responded wonder-

fully to sulfanilamide sdministration within 24 hours.
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This finding was apparently confirmed by Kennedy (106).
Sedusk end Manahon (107) report two cases of
postabortal Clostridium welchii infection with positive

blood culturss in which the blood stresam was rapldly
sterilized by the use of sulfanilamide and the patients
recovered. They also carrled out some experiments and
adequately showed the bacterlostatic action of sulf-
anilamide on Clostridium welchii in vitro. Such action,
thay showed, was inversely proportional to the number
of organisms used &s the inoculum.

We are taught that patients who succumb to gas
gangrene 1in the first week are overcome with the grest
toxicity of the organism. However, 1t 1s seen that in
the second week the fetallitles are from septicemisa
arising from secondary infection. Whether the Clos-
tridium welchii, which is seldom ths atlologlc factor,
per se of the septicemia, is in the blood streem or
some other organism, it 1s undoubtedly a most idesl
occaslion for use of the drug, for more each dey i+ 1is
shown that sulfenilamide takes cere of a multiplicity
of septicemias. '"hat could be more 1d:sal for admin-
istration of the drug then a generalized infection
too acute for tissue destruction, no matter what the

etiologic factor, within certain 1limits!
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In reviewing the therapeutic effects of sulfeanil-
amide es just related, the inadequacy of thatrzatise
is seen. New deveiopments are constantly appearing.
Those now coming to the foreground seem to be dominant-
ly of trestment of different infections than hereto-
fore attacked. Staphvlococcus infections, bacillus
Infections, subascute-bacterial-endocarditis, and even
the tubercle bacillus are now being approached. In
its entirity we ere agaln reminded of the extreme non-
specificity of the sulfonamide compounds and of their
confusing action, The manner in which these therapeu-
tic effects hook up with cellular metabollsm and cat-
abolism in the body and the metabolism of the bact-
erlal inveder, must not be forgotten 1n thils mad
scrambls for blindi cure, lest physiology suffer in the

wake.
TOXIC ®FFACTS

Any one who gives sulfanilamide should be acquainted
with the toxlc effects of the drug and the severity to
which each individual toxic reactlon can extend. For
this reason these sffects will be clsssified accord-
ing to severity. This method of classificetion has

besn used by many writers for reason of its prsactical-
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ness (36,108). Genersally these sffects are put in two
groups, one group of those which are common and seldom
severe enough to causas slarm; and another of those
which are rare but dangerous and contreindicate con-
tinuance of treatment. This is a fine way of think-
Ing of these reactions, however, the grouping is still
more sdequate if a third group is inserted. The
composite plcture might result in the followlng outline:

SYMPTOMS OF MILD TOXICITY (Frequently sesn, but usually
do not require discontinuance of the drug.)

Moderate cyanosis.

Anorexie, nauses.

Dizziness, hegdaches, tinnitus, slight mental confusion.

Weakness, fatigue,

SYMPTOMS OF MODERATE TOXICITY (Call for close observa-
tion, but do not call for the discontinuation of
the drug when it is very much needed.)

Vomiting, sense of oppression.

Cyanosis or mild dyspnes.

Mild, slowly developing anemia.

Dierrhea and ebdominal pain.

¥ild rash or itching.

Paresthesise, diplopia.

Acidosis.

Slight fever.

SYMPTOMS OF SRVERT TOXICITY (Call for the immediate
discontinuation of the drug and corrective meessures.)

Drug fevear.

Tachycardisa,

Leukopenia.

Jaundice.

Acute anemia.

Dermatitis.

Psychosis, or disorientation.

Albuminuria, hematuria.

Diplopis.
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This outline will not always be a true guilde to
severity of a toxic reaction. Peopls who have tsken
the drug mav often say that the nausea with the ad-
ministration can b2 of an intolerable nature.

Patients taking the sulfonamlde compounds should
undoubtedly be in bed during the course of trestment,
not taske other medicine unless absolutely necesssry,
end should probably not enter any high altitude unless
required (7).

Cyenosis 1s 80 often seen in the course of therepy
that it 1s generally disregerded. It is &an erroneous
belief that 1t should be present before therapeutic
effect can be found! Long and Bliss (13) state,

"In our experience, cyanosis has not been an alarming
toxic manifestetion end cen generelly be disregarded.
We have noted 1ts sappearance following the administra-
tion of 0.6 of a gram of sulfanileamide, &nd, on th-
other hand, we hesve seen patients who were receiving
large doses of the drug in whom cyanosis was minimel."
By large dos=2s it would be assumed thet Long and Fliss
meant large doses, for they have done superior work
with the drugs from all sngles and insist upon high
blood levels! Thev go on to describe the "black" or
"prown" color that either aerterial or venous blood

gssumes. When this blood 1s sheken or bubbled with
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oxygen 1t does not regain its normal color. When
sulfanllemide therspy 1s stopped, however, the darkness
disappears and the normasl color of the blood is egssumed.

The only writers who egree on the origin of the
cyenosis are those who gttribute it to sbout three
factors. (109,110) These men stete that both sulf-
hemoglobinemia and methemoglobinemia result as well as
the formation of an unknown plgment. They both agree
thet the methemoglobinemia 1s dominant. Some workers
have attributed the cyancsis to the formetion of
sulfhemoglobin predominantly (24, 110-113), some
attribute it more to formation of methemoglobin (110,
111,114-117), and some attribute it to an unknown cause,
possibly by a discoloration of the red blood cells by
& pigment formed in the course of sulfenilamide therapy
(115) or to reduced hemoglobin (118).

Chesley (117) concludes after his study thet he
had successfully ruled out the formetion of =ulfhem-
oglobin and methemoglobin in ecight cases showing ex-
treme cyanosis. Rigler and Werner (119) conclude thet
the "cause is still not clear. == -- -- Only in some
instances has spectroscopic examination of the blood
revealed presence of sulfhemoglobin snd methemoglobin

bands., -~ =- -- Also the cyanosis does not seem to
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depend on oxygen saturation of the arterial blood."
These men also agree with Long &nd Bliss (13) in that
the cyanosls does not seem to depend on the age of the
patient, deily dosage or the length of time th-= drug
1s edministered.

Colebrook and Kenny (24) attributed a great deal
of the c¢cysnosis to concurrent use of magnesium sulfate
as a cethertic durlng prontosil administration and
advised 1ts immesdiate sessation. They did not recommend
cutting down on sulfur-containing foods or drugs, but
did encourage dlets thst would produce a minimum of
hydrogen sulfide in the lower powel.

Archer and Discombe (120) believe that the cyano-
8is 1s a sign of epprosching danger and insist thet
regular blood examinstions should be masde of all who
are cyesnotic. It will be shown below, however, thset
this should be done 1in all trested patients.

The use of methylene-blue in combating the cysnosis
wes originally suggested by Houschild (cited by 121),
advocated by Wendell, and favored by Hartmenn, et al
(122). Cemphbell and Morgen coneclude (121): "(3) In
msthaemoglobinaemis, whether produced by 2 p-aminoben-
zenesulphonamideopyridine or by sodium mitrite, meth-

ylene-blue is effective in causing the rapld disappesr-
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ance of the cyanosis by converting methaemoglobin to
hemoglobin.

"(4) The dve 1s sective when given intravenously,
Intramuscularly or by mouth.

"(5) It 1s suggested that routins employment of
methylene-blue in conditions calling for the prolonged
sdministration of sulfepyridine may be a useful measure
preventing cysasnosis,

"(6) Methylene-blue has no effect in preventing or
modifyling cyanosis of sulphasmoglobinaemia."

Treatment of the cyanosis truly would rest the
patient from possible snoxemis. Although methylene-
blue seems good its scope in prevention and trestment
1s limited. The various abnormalities of the blood
pigment produced by sulfonemides 1s not fully under-
stood. One to two mg per kg of body wt IV or one to
two gr (65-130 mg) per os, given every four hours is
qulck to bring and malntaln response from methemoglo-
binemla.

Cyanosis deserved special early treatment, for 1t
1s the stenderd upon which so many toxie manifestations
of the asdministration of the drug ere based. Meny of
these unfavorable resctions mav be correctly psrallel-

ed to the color of the patient, so to speak, but many
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of th=2ss findings Indlcete possible further severity
along similer lines. As in csses of congenital ano-
malies, whars onz 1s rresent aslwsvs baware of another.
A mild dermatitis msy be indicetion of approaching
Jeundice or sgranulocytosis for often these menifes-
tetions ers multiple. 1In the same fashion one who has
had mlld toxic reactlion during one course of therapy
mey be the victim of & more severe eplsode during a
later course.

A good example of this multiplicity of simllar
reactions 1s sesn in ths nervous system. Those who
frequently administer the drug are famlllar with ths
neusea, dizziness, headaches, tinnltus, and even slight
mental confusion that fregquently asccompany early days
of therapy. Some, on the other hand, offer reports
of rether severe cases of toxlce peripheral neuritis
(123,124). It is of note that these reports deal eos-
pecially with some of the nswer derivatives. Ferhaps
this effect i1s more peculler to one of these newer
compounds than it is of the more established drugs.
¥M11ld mentel disturbances are not uncommon in patients
who asre recelving sulfanilamide. Many individuals

complain of feeling depreased, although occesionelly
the drug causes elation. Fregquently, the ability to

concentrate upon a given problem is disturbed.
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Frenk disorientetion 1s uncommon, although mild confu-
slon 1s often sesn. Hallucinations, both auditory sand
visuel, hsve been noted. Manie is rare but occasion-
ally occurs. Hogan and McNamara (125) have described
& toxic psychosis which developed in a patient during
treatment with the drug. Following the removel of the
drug the patlent showed & steady improvement. Danziger
(126) observed a patient who twlce had & toxlec resction,
characterized by cyanosis, confusion, snd negativism,
which occurred in esch instance four deys after sulf-
enilamide therapy hed been stopped. The mechanism of
this reaction wes consldered to be unknown. It 1is
obvious that in certain lnstasnces 1t is very difficult
to distinguish between the abnormal mental reactions
frequently noted in the course of severe acute febrile
infections, and those due to sulfanilsmide therapy.

Farly in the history of the drug seversal specific
ceses of neuritis wers observed. A rather severe toxic
optic neuritis was reported in 1837 (127).

Recently two csses of encerhalomyelitis following
the administration of sulfanilamide were descrited,
one of which ended featally (129). The total doses taken
were smgll (14 gm and 18 gm) and if the drug was re-

sponsicle the petients must have been more than or-
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dinarily susceptibls to it. Vascular changes were seen
In some of these csses of encephalomyelitis and their
relation to the demyelinating lesions was discussed.
These men offered evidence that patients suffering from
certaln 1llnesses, including acute rheumstic fever and
lupus erythematosus, are especially liable to develop
toxic manifestations aftentaking sulfanlilemide.

Tachycardie 1s sometimes observed, and not in-
frequently only apparent because of the obvious cyanosis
which 1s so often present. Also the tachycardia may
be blamed upon the changes in the blood stream by meth-
emoglobin and sulfhemoglobin formation. Dozzi (128)
presents a case which might eatablish the 1likellhood
of cerdlaec damage resulting from the use of sulfanil-
amide. In this cese there was a transient nodal
rhythm following use of the drug.

Long and Bliss (130), and Dees and Colston (131)
offer undisputable evidence that a febrile reaction
frequently occurs during administration of sulfanil-
amide. Since these works meny more reports of a febrile
reaction have been offered (32,133). These men all
impress the reader with the confusion thet may arise in
dlagnosis when this foreign fever occurs. Hageman and

Blake (132) noted the freauent occurrence of a fever
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reaction along with s toxlc dermatitis., Gallegher
(133) analyzes the fevers which he observed and con-
cluded that this reaction was probably based on id-
losyncracy similar to that seen by other observers in
other toxic manifestations of the drug therapy.

An interesting case of severe drug-fever was re-
cently presented in the literature (133). The patient
underwent a 12-day course of sulfanilamide therapy in
1937. During this course the patient developed a
morblliform rash and general melalse. 1In 1939 there
was agaln reasson to administer an eamtensive regieme
with the drug. The patient was to have four 20 gr
doses on the first day. After the second dose general
meleise, headache, cyanosis, chilliness and fever were
evident., The drug was stopped immediately, but the
tempsrature of the patient continued to rise. Fluids
were forced. On the second deay, although the drug
was no longer administersd, & rash became prominent.
It was of a morbilliform nature as 1t had been in the
previous course. The temperature reached 104 degrees
by the end of the second day, and the white blood
count dropped from 17,000 to 9,000 in this short
interval. On the fourth day the patient was agein
comfortable and afebrile. The rash gradually faded.
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Long and Bliss (13, page 275) state, "OJur ex-
perience with this toxic manifestation (fever) of
sulfanilemide therepy has been essentially that of
Hagoman end Blake. We have noted drug fever occurring
a8 early as two hours andas late as twenty-one days
after the institution of sulfanilemide, although the
usual time of appearance of drug fever 1s between the
fifth end tenth days of treatment. In our experience
9 per cent of adults and 3 per cent of children develop
drug fever in the course of sulfanilamide therapy.

We have also noted that fever may be the initlel sign
when a serious toxic manifestation such as hepatitis,
acute hemolytic anemia, or agranulocytosis 1s devslop-
ing. Because of such observations we have coms to the
conclusion that fever constitutes one of the most
important warning signs in the course of sulfenil-
amide therapy, and fesl that the physiclan must "stop,

look, and listen" when drug fever develops."

Forelgn writers (13) heve done much in the study
of the effects of sulfanilemlide on spermatogsenesis.
There seems to be no conclusive evidence thet 1t is in

eny way damaged.

The dermatitis that has been so fregquently re-
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ported as & toxic manifestation of sulfanilemide ad-
ministration, is peculiar. Farly in the use of the
drug 1t wes noted that pstients exposed to sunlight
wore especlally affected. Since the great ms jority
of patients who were ambulastory and most frequently
exposed to sunlight were those suffering from gon-
orrhea, it was at first thought thet there was some
connection between this disease and the drug adminis-
tration. However, this has been discredited. The
literature on this phese of toxic effects is voluminous
(134-142). The rash has been described as exfoliative
(139), purpuric (141), morbilliform (134), varioliform
(135), and urticarial (136). Soms workers have noted
a pecullar stomatitis concomittent with the exanthem
(136,138). They descrived these oral lesions as being
similer to mucous patches of secondary syphllis. This
would be good to remember in disgnostic exsminatlon.
Schwentker and Gelmsn (144) first described the
rash. They stated, "It is distinctly morbilliform in
character, made up of maculopapular lesions slightly
raised from the surrounding unaffected skin and brownish-
red in colour; slthough it does not fade completely
when pressure is applied, the blanching of the rash is

considerably more marked than that seen with a typical
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measles eruption. T/sually almost the entire surface
of the body 1s affected, but in some cases the rash
hes been limited to the buttocks or the legs., In some
of our patients the eruption was seen on the palms of
the hands and the soles of the feet while the mucous
membranes wers appsrently unaffected. There was no
itching or other sbnormsl sensation at the site of

the lesion.

"The rash usually develops rapidly without any
prodromal symptoms, the entire evolution occupying
only about 12 hours. Fever, and general malaslse have
elways been present and have sometimes preceded the
eruption by several hours. The temperature rises sud-
denly, usually ranging Letween 10l end 103 F., and
then drops to normal graduslly over a period of 2 to 4
days. The malaise disappears with the fever. No other
symptoms have been observed. The blood count shows
no significant alteration.

"With discontinuance of sulfanilamide therapy
the eruption fades rapidly and mey disappear completely.
If the sulfanllamide treatment 1s not discontinued the
time of appearence of the primaery rash, the seruption
fedes gnd disappears completely in about seventy-two

hours."
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Schlesinger and Mitchell (134) offer a good summary
of dermatitis which we are here concerned with. They
also described many csses, smong which were ten in
children. They state that the eruption usually is
first seen In five to seventeen days after original
administration with continuation. 1In their series it
was generally preceded by a leukopenia. An Interesting
"netural history” of the eruption was given: First
a prodromal period was noted with a fever asnd transient
leukopenia, snd following this the rash appeared, often
with splenomegaly. A few days after the drug was
stopped the rash started to graduslly fade in most
every incident. Schonberg (141) points out the manner
in which the rash cen easily be confused with that of
scarlet fever.

An interesting cese of delayed photosensitization
has been recently presented (140). 1In this Paper it
is stated that photosensitization of the skin due to
sulfenilamide is a relatively rare occurrence, but
should be carefully guarded against because of the
increased use of the drug. The case reported 1is
unusual because it illustrates delayed photosensitivity
of the skin brought on many months arter therapy was

started and discontinued, due to exposure to sunlight
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and artificial sunlight. Thess photosensitized areas
were large deep, dark brown patches, apparently fixed
In the skin, with a sharp line of demarcation, occurr-
ing after withdrawal of the sulfanlilamide. Some of
these areas broks down and caused troublesom= ulcers.
It was smphasized that patients taking sulfanilamide
should e strictly warned against exposing themselves
to sunlight or artificial sunlight during or after the
taking of sulfanilamide.

From this maltipliclty of manifestations in the
skin, i1t 1is seen that no definite dermatitis can be
watched for. If one does occur, however, ons should
be certain of its origin, and should watch for other
toxic resasctions. ''hen confronted with such reactlons
the drug should be discontinued only if it 1s not an
essential part of the therapeutic regigme, but if con-
tinued, daily blood counts should be made and other
key-~signs watched for!

With the use of sulfapyridine incrsasing every
day, and our satisfactory understanding of the pre-
cipitation of acetyl-sulfapvridine in the kidney (145),
an oportunity for dramatic action 1s occaslonally
offered the alert urologist. This 1s beautifully
exemplified by Carroll, et al (146). These men had a
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case of complete anuria following the administration of
sulfapyridine and, wisely, they did a cystoscopy,
lavaged the ureters with warm water, and the patient
rapldly rscovered. The first of their conclusions well
summarize the story and its lessons: "l. Ths super-
saturation of acetylsulfepyridine crystals during the
administretion of sulfapyridine is sufficient at times
to cause a complete obstruction in the urinsry tract.
"2, This condition can be promptly and satisfac-
torily relieved by cystoscopically inserting catheters
in the uretsrs andpelves, and lavage with warm phys-
iologic solution of sodium chloride or sterile water.
"3, These crystals, even in largs amounts, which
cause obstruction, ars not opaque to the x-rays; there-
fore a flat roentgenogram is of no value. The symptoms
of kidney colic and/or hematuria should make one sus-
Piclous of crystalline concretions in the urinary
tract and should not be mistaken for gastrlic upsets.
4, The hematuria noted clinically 1s probably
the result of minute traumstism of the mucous membranes
by the crystals rather than damage to the renal par-
enchyma and therefore 1s of no grave conseguencs.
"5. The foreing of fluids in conjunction with

sulfapyridine therapy is probably appropriate, since
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it will relieve the supersaturation of the urine to
som=s extent."

To be sure, the lnert salt of sulfanilemide is
also precipitated in the urinary tract if the con-
centration 1s great enough, however, this is unlikely
since the inert form 1s not nearly so dominant in the
blood stream or in the urinary tract as it is with
sulfapyridine (147).

Much experimenting has been done with porphyrin-
uris in rats, both with sulfanlilemide and with related
compounds (148,149). Oakley, and Bensley and Wilen
have well emphaslzed the dangers ln administration of
the drug in the face of renal damage (150,151).
Bensley and Wilen showed the gravity in delayed sulf-
anlilemide excretion in a case of pneumonlia wlth renal
fallure. Ravel and Curtis (152) emphasize the serilous-
ness of hematuries and abdominal paln assoclated with
sulfapyridine administration. Many other workers have
been concerned with the formation of urlnary cslcull

here (153,154).

Concern will next be directed to the apparently
most grave toxic manifestations of sulfanilamide, namely
acute hemolytic anemia, agranulocytic angina and

hepatitis. The fatalitles aceredited to the drug are
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practically always 1n this category except for a stray
case of anurla or such now and then.

Harvey and Janeway (62) offer the first report of
acute hemolytlc anemlas, cheracterized by a sudden
onset with a marked drop in hemoglobin and red cells,
Jaundice, disturbed liver function, urobilinuris, or
In severe cases, hemoglobinemia and hemoglobinuria,
marked reticulocytosis, and leukocytosis. They described
three cases, all showlng these similarities. 1In each
incidence the cxtreme anemla seemed to develop in less
than 48 hours. Later In thesame quarter Kohn (155)
gave similer evidence. Since that time there have been
numerous similar reports (156-158). Wood (158) re-
ported 21 cases of acute anemle which developed in
patients who had received sulfanilamide in the johns
hopkins Hospital. He noted an incidence of acute anemla
of 8.3 per cent in 144 children and 2.4 per cent in
378 adults. No predisposing factors wers noted 1in the
analysis that Wood made of these patlents, but he did
find that all of the patlients who developed acute anemla
had fever at some time during the period of sulfanilamlde
therapy. No relstionship to dosege, concentratlion of
the drug in the blood, or acidosis was observed. In

all of the 21 cases the fall in hemoglobin was shown to
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begin between twenty-four and seventy-two hours after
treatment was started. The time of maximum anemia
occurred between the third and seventh days, with the
greatest number of patients (nine) developring maximum
anemia on the fifth day. Wausea and dizzlness wera
found to be the earlliest symptoms of an approaching
anemia, while fever and an incresassed urobilinuria were
the earllest signs of the toxlc reaction. One or
more transfusions were needed to combat the anemia in
13 of the 21 reported cases., None of the patients
died. Free hamoglobin was demonstrated in the serum
of at least one of Wood's patients, Four of the 21
ratients were subsequently given sulfenilamide for
therapeutic purposes send three of them developed acute
hemolytic anemia. The patlents were subssauently
given sulfanilamide for therapeutic purposes and threse
of them developed ecute hemolytic anemia. The patient
who escaped anemle did not have fever at the time of
the second course of the drug.

Several workers have found that there is an
Increased reticulocyte count accompanied by a moderate
decrease in the hemoglobin and red blood cells in
patients who were being treated with sulfanilamide
(159,160).

Long and Bliss state (13), "Our own experience

leads us to believe that sulfanilamide produces a mild
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hemolytic anemia in meny individuals. This 1is es-
peclally true if trsatment with the drug 1s prolonged
over & period of several weeks. These anemias are
characterized by a slow, but progressive, drop in the
hemoglobin and red blood cells, a moderate reticulocy-
tosls, and often a mild urobllinuris. Anemia of this
type 1s not to be feared and does not constitute a
contraindication to further therspy. If the hemoglobin
drops below 60 per cent and further treatment with the
drug is nceded, a transfusion is indicated. However,
if at thls point the drug cen be stopped without fear
of a recurrence of the infection, the blood rapidly

regenerstes. "

Agranulocytosis in its spparently limited varia-
tions 1s undoubtedly the most serlious of the toxie
manifestations. A very pathetic picture is painted
by the literature of this qulte sudden death, suffering
with severe angina in most instances. This manifes-
tation has been attributed to Prontosil, Neoprontosil,
sulfanilamide, benzyl sulfanilamide, sulfanilyl di-
methyl sulfanilamide, and sulfapyridine (161-177).

The general effects of sulfanilamide upon the
white blood cells in general have bLeen studied at great

length. Bigler et &l (119) attempted to show that there
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was generally a marked depression of the number of white
cells. In some instances, these men state, the depres-
slon hinges upon being a leukopenia. However, they
found the lower 1limiis of their white blood counts

to be about 5,000 per cubic millimeter, and they
edmitted thet psrt of the decresse wsess appsrent since
the white cells were not fewer in comparison to other
cellular blood elements. Campbell (159) did not find
any effect of sulfanilamide upon the white blood cells.
Hedld extensive studying on the subject, which is not
yet closed by any means,

Agranulocytosis has been known to occur in in-
toxication with various other drugs. Dinitrophenol,
amidopyrine, allonal, and novaldin have been known to
produce a similar picture, although the severity seldom
approsches that of the reported cases wlth sulfanilemide
intoxlcation (162). No correlation between these drugs
has been seen.

Jennings andSouthwell-Sander (160) present a very
Interesting case in which there was both agranulocyto-
sls and a profound anemia. Dolgopol and Hobart (175)
suggest that blood counts only be done twice a week.
They point out that in most of the fatalitles reported,

no blood count was done in the interval of developmsnt
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end thet 1f such was watched twice a week regularly,

the development would no doubt be seen. Most men,
however, agree with Borst (165), in his early article,
where he emphesizes that to avold these fatelities

dally blood counts and observation of throst is necessary.
Not only granulocytopenia but elso hyperleucocytosis

has been attributed to sulfanilemide and allled

compounds (177).

Borst (165) reported one of the earliest casses of
fatal outeome. He attributed this death to thes ad-
ministration of not more than 1.8 gm of prontosil daily,
although the patient's previous history may have indi-
cated some predisposing disease of the bone marrow.
This investigator decided, in view of the number of
severe toxic reactions concomitant with his use of
prontosil, to treat subsequent patients with sulfanil-
amide. Since that time, the number of severe toxilc
reactions concomitant with the use of other derivatives
of sulfanilamide and sulfanllemide 1tself have been
quite well balanced.

Young (178) reported another of the early cases of
agranulocytosis with fatal termination. His was in a
case of acute rheumatism which, following the failure

of salicylate therapy, had beesn treated with 3 gm of
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sulfanilemide dally for 18 days. Treatment was dis-
continued st this time because the eclinicel condition
of the patlent wes frankly worse. A blood specimen
taken four days leter showed complete agranulocytosis
and positive culture for hemolytic Staphylococcus sureus
and Streptococcus virldans, slthough a negative blood
culture had been reported three weeks sarlier. Death
occurred on the following day. On¢ the dey prior to
death the blood showed 1,880 lymphocytes and no leu-
kocytes. The author believed the agranulocytosis to
be either of theddiopathic type of unknown etiology
or to be due to sulfanilemide therapy. Other cases,
reported in the opening paragraph of discussion of this
toxlc effect, are quite similar to thess two. The
dosage varies wlthin certaln limits, being qulite small
in some csses. The onset of ths depression of the
white cells 1s also not always spsced the same from
the day of onset of therary, but in general, the de-
pression starts in from two to five days. Young's
case, above described, is an exception in that it
apperently took over two weeks for the agranulocytosils
to develop.

Relations to bone marrow disesse andsepticemis

as above shown in two csses, brings up the question
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of whether or not to use sulfenilsmide and its derive-
tives in the control of sepsis with secondary agranulo-
cytosls or in sepsis following grenulocytopenis that
i1s induced by other drugs such as beforé m=ntioned.
Ageln Long end Bliss (13) may be turned to for supreme
opinion. They state, ™ye think that 1n patlents suf-
fering from esgrenulocytosis and streptococcal sepsis,
therapy with these drugs is not only indicsted, but may
be life-saving." They also sdvise, for other cases of
agranulocytosis from sulfanilemide, "The first step to
be taken when egrsnulocytosis develops 1s to provide
for the rapid eliminstion of the drug. Fluids should
be forced vigorously by the peroral and, if necessary,
by the Intrevenous route. The diet 1s unimportant,
except that it should have & high vitamin content,
especlelly of vitamin C. This may be reinforced by
the daily intravenous injection of 500 milligrams of
cevitamic aciéd. I angina 1s & prominent symptom, the
throat should be treated bv the toplcal aspplicstion

of sodium perborate or neoarsphenamine, thsre belng

no indication that the use of either of these drugs 1is
dangerocus in this condition. ‘e are inclined to think
that the less a patient suffering from agranulocytosis

is disturbed by misguided attempts &t palllation, the
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better. There 13 scant evidence that nucleotide
preparations are of value in thils condition and we
never advise their use. Transfuslons also should be
avoided unless the hemoglobin drops below 60 per cent,
since transfused blood is of questionable therapeutic

value in the absence of & definite hemoglobin defiecit."

Hageman andBlake (130) and Long and RBRliss (1:2)
were early to report jaundice &s one of the toxic man-
ifestations of sulfanileamide therapy. Theydescrived
this as veing of a mild neture and A d not sattach much
significance to it, sxcept that it represented some
sort of liver demsge, the extent of which was not
understood. Long and Bliss sssoclated this jaundlce
with marked decrease in liver function in some 1nstances.
They also noted that there wes no acute hemolytic anemla
in the petients observed, for as before stated a Jaun-
dice 1s found in those cases quite often. Other
workers were quick to varify these reports (49, 179=-
182). These men also reported cases of extreme hep-
atitis with fatalities.

The cese presented Ly Cline (181) 1s different
from the others in *hat it was an acute yellow atrophy

in the course of sulfanilamide therapy. The patient
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had been given the drug over a period of two months,
end at the termination of theperiod it was found thet
he had been taking 1t far in excess of thephysiclan's
orders. The cese gave many diagnostic troubles. It
was at first thought to be a cetarrhal jeundice. There
was no rash present as found in some other reported
cases. The 1llness from the drug coversd a period of
ten days and ended fatally. The signs of liver insuf-
ficlency greduelly progressed during this period. An
autopsy was done, and the typicasl findings of acute
yellow atrophy were recorded.

Bannick end his assoclates (179) have reported two
instances of fatal jaundice in the course of sulf-
anilamide therapy. They, however, attributed only one
of the deaths directly to the drug. Saphirstein (180)
described an exfollisting dermatitis and acute hepatitis
in a patient who recelved sulfanilamide over a period
of seventeen days. The dermatitis and hepatitils
cleared within two weeks. Garvin (182) has observed
five patients who developed a toxic hepatitis in the
course of, or subsequent to, sulfanilamlde therapy.

In four of these, the hepatitis wes considered definite-
ly to be & toxic reaction to the drug. Two of the

patients developed jJjaundlce and hepatitis while receiv-
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ing the drug. 1In the other three sulfanilamide had
been stopped four, seven and thirty-five days before
evidence of liver injury became apparent. An exfoliat-
ing dermatitis was associated with the hepatitis in
three patients, one of whom died. There was no reason
to suspect the existence of previous liver damage in
any of these patients. C(ne patient had previously
suffered from a toxic resction to sulfanilemide, Other
reports have been published of fatal toxic hepatitis
from drug administration (183,184).

Charles P. Baker, M. A., M. D., of ths Unlversity
of Nebraska College of Medicine, offers the following
cese for anelysis. The patient was admitted to the
Methodlst hospital, Omaha, Nebraska, on August 16, 1939.
History: Caesarian section for full term baby 2-20-39.
past 15 years "colitis" which consisted of gas pains a&nd
belching. This was relieved during the pregnancy.

Two weeks ago jJoint pains with svollen §olnts. Patient
treated with sulfanilamide. Following this noted
neusea, dizziness, faintness and confusion. Four

days ago first noted yellow tinge to skin. Has had no
abdeminal pain but says upper sbdomen has been tender.

Following the Jaundice joint palns have been relieved.

Physical examination: Skin merkedly yellow. Tenderness
in right upper quadrant.

Leboratory: Hemoglobin 84%, WBC 8,000. Urine-- Dbile
present. Stools very light with bile present 1ln small
emounts occasionally. Van den Bergh immediate direct

reaction. Serum bilirubin 18 mg%.
Course: 8-21-- Hb 75%, RBC 3,750,000. Stools slight
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test for bile. Serum bilirubin 15 mg%. Tdema present.
Given trensfusions.
8-23-- roentgen studies., No calculi found. Liver not
enlarged.
9-14-- serum bilirubin 31 mg?. Considerable ascites
found. Total serum protein 4.5 mg%.
9-20-- serum bilirubin 15 mg9.
9-27-- paracentesis.
9-30-~ serum bilirubin 14 mg%.
10-2-~ irrstional.
10"3""' ddo

An autopsy permit was obtained. The liver was
found to weligh only 750 gm. The ducts wers entirely
open. The organ was firm, and nodular in sasppearance.
In microscople section some post mortem change was noted
in the liver. The connective tissue was greatly in-
creased in amount, in some regions being the only tissue
present except for compressed bile ducts. Most all
of the parmnchymal tissue was more or less completely
degenerate. However, In one area there was flne evlidence
of attempted regeneration. Here the cords of cells
were fresh in appearance, and they were arranged in
irregular formation about central veins which were not
well centered. ©No other significant finding was
apparent.

In considering this case it 1s noted that the
toxicity hed overwhelmed the restorative powers of the
liver. No doubt the liver of one person is different

in its regenerative powers than that of another. The
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great predominance of degeneration over regenersastion in
this specimen shows the fallure of this restorative
power here. Sections of the blle ducts were taken at
many levels to be essured thet no obstruction had been
present. frevious liver damage 1s not in evidence in
the story. The fact that the patlent hed hed previous
toxic reaction to sulfanilemide showed the apparent
idiosyncracy to the drug which here seemed to be
present.

The edema of thils patient was no doubt due to two
grest factors: Through the intlrate relationship of
the liver with the protein metabolism of the body the
protein level of the blood was consideraebly reduced as
shown by the perliodlc laboratory studles. With the
great contraction of the liver which was evident st
autopgy 1t 1s easy to understand that considerable
portal obstruction must have been present.

No other drugs are known to have been administered
to the patient in this cese, and apparently only the
usual dosage was taken over & period of about ten days.

The difficulty in dlagnosis here emphasizes the
fact that many of these cases could easlly go unreported.
The intimate hook up with protein metabolism 1s here
again suggested by the liver reaction in the nature of

an 1diosyncreacy.
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SUMMARY

In the statement of purpose of this paper 1t was
said that an attempt would be made to find something
in common with the effects of sulfanilamide and ellied
compounds, a8 Iinterpreted from the literature on the
subject. It is felt that an Important generality can
now be, not made, but only ermphasized. Thls generality
concerns not only the therapeutic effects, but also
the toxic manifestations of drag administration es well.
This gross impression is seen in most all of the late
literature, and cen caslily be found between the lines
of the earliest. This one fact-- that in deciding
where to use the drug, why, and when, what to watch for
in the giving, how to watch for it, why, and when,
and if it comes, in many more relatives-- 1t is not the
micro-organism that is concerned, the concomitant
morbidity that may be present or the fear of reactlon
thet 1s to control and guide therspy-- it is the manner
in which these micro-orgenisms manifest themselves in
the body, the ability of the body to standany mild ther-
apeutic measures, and the response to those measures
88 Interpreted by a falr knowledge of what to expect.

During the affsir with Massengill and Company,
before mentioned, a lavman, or even many students of

medical science, might have said, "That is sad-- so
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many people meeting death because of this new drug,
but 1t is & wonderful discovery. We must glive the men
credit for that." Few even realize that the early
history of the drug was not even American! In th-= same
misinterpretation, that has followed the developm=nt of
our collective knowledge of the drug, it 1is noted that

th

@

first report of therapeutic action of the compound

wes 88 acting ageinst a staphylococcus infection in

man (septicemia). Still, this was not heeded becsause
the first proof of therapeutic ectivity was in ex-
periments with streptococeci-- experiments that, in-
cldently, don't work in the laboratory with the staph-
ylococcus. However, the professional world wes qulck
to assume that the drug was & specific for streptococel.
It 1s only now coming to light thst & multiplicitv of
micro-organisms are affected, Staphylococcus septicemias
can be treated quite as well as streptococcus ones if
they are sttacked st & similar stage in the disease
process whers theres 1s parallel tissue destruction.

In the same wav, through the few years of actilve
history of the sulfonamide compounds, we turn from the
remarkable work of one man to that of another, for-
getting to retain that of the first., The literature
has been too profuse and volumlnous for genesrel study,
but soon each practicing person will hsve read st

lsast one of the frequently appearing short summaries
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that are now seen, and & mors representative Impression
will be almost universal.

Dangers are seen in the mistaksn impression that
the drug 1s more or less a specific for streptococcl.
General use in sore throats 1s sesn to be harmful as
before shown, and at the same time an important op-
portunity to save a life may be missed by harboring
this belief. These opportunities may arise in the face
of concomitant morbidity which may have to be bucked,
but a thourough understanding of what is being bucked
to affect must be realized.

Intimacy with a recent case of toxlic hepatitis
has been interesting in this report. The analysis of
the morbid process involves many physiologlical considera-
tions as before shown. If signs of hepatic insuffic-
iency are met, the administration of the drug should
be stopped at once and palllative measures resorted to.
These signs appear early enough to be adequate danger
signals if daily viglilance 1s possibls.

Physiclans in general practice and in most of the
speclal practices of medicine and surgery have no
choice about using these drugs. Some have hesitated
because of the occasional toxic reactions. Others

havs besn overly zealous without due regard for them.
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The extreme value of these drugs demands that the
physlcian use them; the possibility of toxic reactlons
demands that he use them intelligently.

The precautionary mesassures needed in using these
drugs are not difficult. So much lasboratory work mey
be found an inconvenlence but these drugs are often
life-saving measures and deserve the full attention

of the attending physician.

CONCLUISIONS

1. It 1s not the micro-orgsnism so much as the
manner in which that micro-organism manifests itself
in the morbid process in the body, that is concerned
with in determining the therapeutlc effects of sulf-
onamide compounds,

2., The toxic effects of sulfonamide compounds
nesd not be feared if daily vigll is kept during ad-

ministration.
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