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Prophylactic and Therapeutic Effect of Sulfonamide Compounds 
in Experimental Malaria. 

LOWELL T. COGGESHALL. 
Prom the Laboratories of the  International Heal th  Division, T h e  Rockefeller 

Foundation, A7ew Y o r k .  

The treatment of  malaria, either in man o r  experimental animals, 
with any of  the accepted antimalarial drugs is not entirely satis- 
factory. ri high percentage of relapses occurs in spite of vigorous 
therapeutic measures. In  view of this and many other recognized 
deficiencies, it seemed worth while to try the effect of sulfonamide 
compounds on controlled experimental malarial infections. The  re- 
ports in the literature concerning the chemotherapeutic action of  
the sulfonamide conipountls 011 malaria are very meager. De Leon' 
and Hill and Goodwin' used prontosil in acute vivax malaria, and 
reported beneficial results, while Read and Pino3 employed sulfanila- 
mide and stated that it was without value. Van der Wielen4 has also 
reported the use of prontosil in 2 cases of quartan malaria with a 
favorable therapeutic result. 

The following report concerns the prophylactic and therapeutic 
effect of 2 sulionamide compounds, sulfanilamide* (paramido lien- 
zene sulfonaiiiitle) and sulfanilyl sulfanilate,+ in experimental ma- 
laria and the action of these drugs on the parasites in vitro. Both 
preparations were injected intraperitoneally and the former was also 
given by mouth. 

Expcviiiicizt 1. Two rhesus monkeys, Nos. 1 and 2 ,  were each inoc- 
ulated intraperitoneally with one million Plas.izodiu.tn. knozedesi para- 
sites. Monkey 1 was then given 0.25 g of sulfanilamide intraperi- 
toneally, and the same amount of the drug was given on each of 4 
successive days thereafter. Xonkey  2 served as a control. No infec- 
tion developed in test Monkey 1 while control Monkey 2 became 
infected and died 12 clays after inoculation. 

Inasmuch as the parasites and the first dose of  E ~ p c v i i i i r i i t  2. 
1 De Leon, A. D., Translation of original, 77. S.  Pub. Health Rep., 1937, 52, 

2 Hill, R. A., and Goodwin, 31. IT., Sowth. X e d .  J., 1937, 30, 953. 
3 Read, €I., and Pino, J .  0.. Alrch.  Sch~ffs .  u. Trope?ikylg., 1938, 42, 132. 

* Supplied by tlie Winthrop Chemical Company, S e w  I-ork. 
t Made by tlic C'alvo Clienii( :!I Ci)iiip:iny and  obtained through the courtesy of 

1460. 

Van der Wielcn, T., S e t l c r l .  Ti 1dw71r. v. Geneesk., 1937, 81, 2905. 

Dr. A. R. Docliez. 
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sulfanilamide were injected simultaneously into the abdominal 
cavity, a direct parasiticidal effect was considered possible. In  order 
to rule out this possibility, 2 monkeys, Nos. 3 and 4, were each inocu- 
lated with one million parasites, but treatment was withheld in the 
test animal until parasites appeared in the blood stream. Circulating 
parasites were first detected in both animals on the 4th day after 
inoculation. Monkey 3 then received 0.25 g of sulfanilamide in- 
traperitoneally on that day and 0.5 g on the following day. No drug 
was administered to Monkey 4, the control. Monkey 3 had a low- 
grade infection which subsided into a chronic form, while the con- 
trol, Monkey 4, died of an overwhelming infection on the 9th day. 

The foregoing experiments were repeated on 5 
monkeys, Nos. 5 to 9, inclusive. These monkeys were each inocu- 
lated intraperitoneally with 20 million parasites, a larger number 
than previously employed, and at various intervals after inoculation 
they were given sulfanilamide. The procedure and results are 
summarized in Table I. I t  will be seen that Monkey 5 ,  which re- 
ceived 0.5 g of sulfanilamide at the time of inoculation and on the 
3rd and 5th days afterwards, never developed an infection. Monkey 
6 received 0.5 g on the 3rd day, which was the first day that para- 
sites appeared in the blood stream. Forty-eight hours later the para- 
sites had disappeared. Monkey 7 was given 0.5 g on the 3rd day 
when the infection was well established and again on the 5th day. 
The course of the infection was severe but subsided rapidly without 
further therapy. Monkey 8 was treated with 0.5 g of sulfanilamide 
on the 4th day upon showing evidence of a rather intense infection 
with a count of 182 parasites per 10,000 red blood cells. This dose 
was repeated on the following day because the parasite count was 
increasing rapidly. After the second dose there was a marked im- 
provement in the animal, and 48 hours later no parasites could be 
found in the ldood smears. Control Monkey 9 died of acute malaria 
on the 10th day following inoculation. It was noted in the stained 
blood smears of those monkeys which had rapid declines in the 
number of parasites following sulfanilamide therapy that many of 
the parasites were distorted and broken. This observation indicated 
that the drug had a direct action on the parasites. The results of 
this experiment show that sulfanilamide in the amounts given was 
effective in preventing infection as well as in having a marked 
therapeutic value after the infection was established. 

In  the following experiment the prophylactic 
effects of sulfanilamide were tested in 4 monkeys. h4onkeys 10 
and 11 each received intraperitoneally 0.5 g of the drug in a 10% 

Experiment 3. 

Experimelzt 4. 
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solution on 4 successive days before inoculation with malaria para- 
sites, while Monkeys 12 and 13 each received 2.0 g by mouth in one 
dose. Twenty-four hours after the last administration of the drug 
these 4 monkeys and also Monkey 14, which received no drug and 
served as control, were each inoculated intraperitoneally with 20 
million parasites. This represented approximately 10 million mini- 
mal infective doses. 

The results of this experiment a re  shown in Table 11, and i t  will 
be seen that of  the 2 monkeys, Nos. 10 and 11, which received sulfan- 
ilamide infraperitoneally before inoculation of parasites, Monkey 10 
failed to develop a n  infection, Monkey 11 became infected but did 
not show circulating parasites until 10 days following inoculation. 
I t  appeared to be recovering but finally succumbed on the 20th day 
with a marked anemia, Almost identical results were obtained in 
the 2 monkeys, Nos. 12 and 13, in which a single 2.0 g dose of  sul- 
fanilamide was given by mouth. Monkey 12 failed to  become in- 
fected while Monkey 13 first had demonstrable parasites on the 17th 
day but recovered. Control hlonkey 14 died of an overwhelming 
infection 9 days af ter  inoculation o f  parasites. The  outconie of 
this experiment indicates that sulfanilamide in the amounts given 
was responsible for  preventing infection in Monkeys 10 and 12 and 
appreciably prolonging it in Monkeys 11 and 13. 

Experime9lt 5.  The iiz . z i t y o  action of sulfanilamide on the para- 
sites was tested in 2 monkeys. Twenty million parasites were incu- 
bated with 0.1 u of the drug for 30 minutes at 37°C. This mix- ? ture was then injected into Monkey 15. Monkey 16 received a simi- 
lar mixture except that the parasites were incubated with 0.05 g o f  
sulfanilamide. Both monkeys failed to develop infections, indicat- 
ing that the parasites had been completely inactivated iiz vitro by the 
drug. 

The therapeutic and prophylactic effect and the 
itz vitro action of sulfanilyl sulfanilate were next studied. The  
method of administration and the results are  summarized in Table 
111. It is seen from this table that sulfanilyl sulfanilate has some 
therapeutic value when given early in the course of a n  acute infec- 
tion. No prophylactic effect is apparent, however, and in vitro the 
drug apparently has no deleterious effect upon the parasites compar- 
able to  that of sulfanilamide. 

Experintent 7. Sulfanilamide and sulfanilyl sulfanilate were given 
to  4 monkeys with chronic infections in an  attempt to  effect a cure. 
Each drug was used separately in 2 monkeys which had previously 
been protected from death with immune serum and the duration of 

Experiiizeizt 6. 
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their infection varied from 22 to 135 days. Both drugs were given 
in 0.5 g amounts for 6 successive days. Forty-eight hours af ter  
the last dose the animals were bled and 3 cc of blood from each 
monkey was subinoculated intravenously into separate normal mon- 
keys. The blood from the 2 monkeys which received sulfanilamide 
was not infectious for normal monkeys while the blood from the 
sulfanilyl sulfanilate treated monkeys produced an infection in the 
normal animals. 

Sulfanilamide and sulfanilyl sul- 
fanilate had no prophylactic effect or  therapeutic value in the treat- 
ment of P. catlzemeriuwz infections in canaries or P. lophum in- 
fections in young chicks. 

Sumnzary. Sulfanilamide was found to have a prophylactic value 
and a marked therapeutic effect on acute P. knowlesi infections in 
rhesus monkeys. I t  had, in addition, a direct action upon the 
parasites in vifro. 

Sulfanilpl sulfanilate proved an ineffective prophylactic agent ; it 
had no apparent in vitro action on the parasites, but some thera- 
peutic value in acute P, knozdelesi infection was noted. 

In chronic infections 3.0 g of sulfanilamide given intraperi- 
toneally was sufficient to render blood non-infectious for susceptible 
monkeys, while the same amount of sulfanilyl sulfanilate was with- 
out effect. 

Sulfanilamide and sulfanilyl sulfanilate were ineffective for  pro- 
phylaxis and had no therapeutic value when tested against infec- 
tions produced by 2 different species of avian plasmodia. 

Treatvtze?$t of avian malaria. 

10011 

Effect of Splenectomy on Response to Pituitary Material and the 
Question of the Antihormone. 

ALBERT S. GORDON A N D  HARRY A. CHARIPPER. 
From Washington Squure College, New Pork University. 

kilthough there is unanimity among investigators in the field 
that inhibitory substances appear in the blood following continuous 
trea.tment with various endocrine extracts, controversy still exists 
regarding the nature of these antihormone principles, and the mech- 
anism responsible for their production. This controversy, in gen- 
eral, is confined to two schools of thought. The first adheres to the 




