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male and female skins, or among the skins produce wheals in this fashion. In fact the 
of the Whites, Negroes. and Japanese studied. figures would rather indicate that histamine 
No attempt has been made in this preliminar!. increased the pressure required. 
study to determine the physiological variations Conclusion. The pressures required to pro- 
in wheal-pressure which might occur with duce intradermal wheals in normal individuals 
marked changes in environmental temperature varied from 1,000 to 3,200 mm Hg with a 
or in the normal phases of the menstrual mean pressure of about 2,000 mm Hg. NO 
cycle. -4s shown in the table, the wheal- consistent differences in wheal pressures were 
prcducing action of histamine is apparent]!. found between males and females, or among 
too slow to lower the pressure required to M‘hites. Negroes and Japanese. 
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Scanty data have been published on the 
curative action of drugs in avian malarias. 
either in sporozoite or blood-induced infec- 
ti0ns.t KO data has been published on the 
curative effect of drugs on lophurae malaria 
in the duck. For this reason, it appears ad- 
visable to record the following observations, 
despite the fact that the experiments are not 

* This investigation was done under n contract 
rccommended by the Committee on Medical Htb- 

search lxtween thc Office of Scientific Rescarch 
and Developrnent and The .Tohns Hopkiiis Vni- 
vcrsity. 

t A c.onsirlt*i.:il~lc~ :ii i ie)i i i it  of data h i s  1 1 ( w i  

R c I‘ uniul: I t c ~ l  f i i 1’ v:i i .  i ( i u s  :i vi :i 11 i 11 f cc. t i ( ) I )  s i 11 t 1 i t ’  

coopixi tive 1~rogr:ini of ilialarial research spon- 
sored during the p u t  five years lig tlic Committcc 
for Medical Kcsearch of the OSRD. 

perfectly controlled due to a large number of 
“accidental” deaths among our birds.# 

Infection was produced in ducks about 10 
to 14 days of age by intravenous injection 
of 50 X loG parasitized erythrocytes. The 
drug-diet method’ of treatment was used. 
.4dministration of the diet was started 18 
hours before infection and was continued for 
various lengths of time after infection. All 
drugs except SN 11,437, SN 187 and SN 475 
were administered in the form of a salt. 

~ ~- 

Thew “ac*eidental” deaths appear to be due t o  
:I f i I t i x l d t >  agent. A preliminary study of this 
: i p b i i t  is rcportetl dscwhere.4 

4 I)(~:trlIorii, b;. H., PROC. Soc. E,v. BIOL. AND 

1 Marshall, Litchficld, and White, J. Phumt.  
~&fEl>., 1946, a, 48. 

( md Exp.  Therup., 1942, ’75, 89. 
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TARLN I. 
Curative Action of Drugs in l~ophurae Ma1ari:i in the Duck. 

Xo.  of ducks 
1)uration of c I 
treatment Dose Not 

Survey No.* days mg/kg/day TTsed C‘ured “Cured ’ Dicdt 

359 Quinine (base) f i  
10 

:S90 Quinacrine, dilipdroc.hloride 6 
13 

971 P;imaquine (base) 

7618 Chloroquinr, dipliosyhate 

1143‘7 N1- (5-chloro-2-~~yrimid~l) - 
metanilamidc 

G 
6 

10 

6 
6 

6 
26 

180 
225 

280-310 
115 

3.5 
9 
4 

303 
183 

785 
225 

10 9 
9 3  

14 6 
9 3  

19 6 
44 16 
10 3 

5 3  
8 3  

8 4  
7 5  

0 
1 

0 
0 

5 
1’7 
1 

0 
0 

0 
0 

1 
5 

6 
6 

8 
11 
6 

2 
3 

4 
2 

* This number (SN) is used to designate a drug in the Monogrnpl~ referred to above3 
t Figures in this column represent ducks which exhibited no evidencc of infection but which died 

beforc “cure” could be estnblishrd. 

Subinoculations were done by intravenous 
injection of 2 cc of blood from the treated 
bird into a normal duck of about 150 g weight. 
Blood smears of the treated birds were made 
at  the end of treatment, at  the time of each 
subinoculation and as frequently as possible 
during the intervening periods. I t  was found 
that the injection of one to 10 parasitized 
erythrocytes into ducks of about 150 g weight 
produced an infection with the appearance of 
parasites in smear on the 10th-13th day. In  
some cases reinfection was attempted by in- 
jection of 20-30 X lo8 parasitized erythro- 
cytes into the treated ducks which a t  this 
time weighed about 800-1000 g. This dose 
in a normal duck of corresponding size would 
give a parasitemia of 4040% erythrocytes 
parasitized on the 3rd day. The reinfected 
ducks were examined on the 3rd day. Those 
having 40% or more of erythrocytes para- 
sitized were considered to be successfully 
reinoculated while those with less than 20% 
erythrocytes parasitized were considered to 
exhibit some degree of immunity. 

The experiments given in this report are 
not as satisfactory as might be desired on 
account of the failure of either all the treated 
or all the subinoculated ducks to survive the 
necessary periods of observation. A series of 
experiments on uninfected untreated birds 
has shown that these deaths are not attributa- 

ble to conditions of holding or procedures 
relevant to obtaining smears or subinoculat- 
ing blood but to the filtrable contaminant 
mentioned in the note above. Obviously, the 
large number of deaths occurring before the 
observations are complete complicates the in- 
terpretation of the data; however, certain con- 
clusions appear to be justified. As a result 
of deficiencies in our knowledge of the natural 
history of malaria in the duck, it must be 
recognized that while the presence of para- 
sites in the blood of treated or subinoculated 
ducks is definitive evidence of failure to cure, 
inability to demonstrate either parasites in 
the blood or lack of immunity to them can 
only indicate probability of cure. 

In Table I is given a very brief summary 
of the results obtained with the well known 
drugs, quinine, quinacrine and pamaquine, 
and also with chloroquine2 and SN 11,437. 
This drug (SN 11,437) is rather unique in 
that it is a complete causal prophylactic in 
gallinaceum malaria in the chick, lophurae 
malaria in the turkey and cathemerium ma- 
laria in the canary.3 However, it has no 

2 Board for the Coordination of Malarial Studies, 
J .  A .  M. A. ,  1946, 130, 1069. 

3 -4 Survey of Antimalarial Drugs, 1941-45, 
sponsored by the Comnii ttee on Medical Research 
of thc Office of Scientific R e s t w ~ h  and Develoy- 
inent (Ed. F. Y. Wiselogle). 
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curative effect in a Mood-induced infection of 
lophurae ilialaria in the duck. Quinine. quina- 
crine and chloroquine are not curative. while 
pamaquine appears to cure a fair percentage 
of ducks. When treatment is started 24 hours 
after infection, pamaquine is still curative. 
However, when treatment is started 48 hour.; 
after infection a much smaller per cent of 
cures is produced. In the table the criterion 
of “cure” is interpreted as 2 negative sub- 
inoculations, the last taken at  least 26 clays 
after infection. In  our experience a small 
percentage of ducks having 2 negative sub- 
inoculations will prove to be infected if further 
subinoculations are done; however, this per- 
centage is so small that i t  would not signi- 
ficantly change these data. 

In addition to the drugs listed in Table I, 
we have found that SS 6911, 7-chloro-4-(4- 
diethylamino- I-methylbu tylamino) - 3-methyl 
quinoline: SS 1796, $I- (diam_vlamiiionieth_vl) - 
1,2,3,4 - tetrahydro-9-phenanthrene-methanol: 
SN 187,3’,5’-dibromosulfanilanilide: SS 6520. 
2 - (dimethylaminomethy-1)-1-naphthol: SS 

901, 6-chloro-2-methoxy-9- 13- (6-methoxy-8- 
(1 II  i n (  )Ij-lamino) -propylamino] acridine ; SN 
4 7 5 .  2,2’.3,3’-tetramethyl- 1 ,l’-diphenyl-4,4’- 
bi-3-pyrazoline-5,5’-dione; SN 11,426, 5- ( p -  
chlorophenyl) - 1-isopropyl- 1-methylbiguanide, 
s i l t  with acetic acid; are not curative when 
given in niaximcil tolerated dosage for 6 days. 
However. SN 5241, or-(dinonylaminomethy1)- 
1.2..3.4-tetrahydro-9-phenanthrene methanol 
;il)pears to cure a certain per cent of ducks 
Mhen given in the maximal tolerated dosage. 
LVith the exception of SN 5241, pamaquine is 
the only drug examined which appears to 
cure lophurae malaria in a moderate percentage 
of ducks. 

Szrmmary. .i\ number of drugs have been 
examined for their curative action in lophurae 
malaria in the duck. Pamaquine appears to 
cure a fair percentage of the birds, while 
quinine, quinacrine. chloroquine and a num- 
ber of other drugs do not. 

\VI- wisli to  tll:ink C’liarlottc Kennedy, Jean 
1 I i i i r t .  l . i i v i l l ( ~  Van cfliyl, and ‘Evelyn J3pl)tbrsoii 
for t i~cl i i i iv: i l  :issistnnw. 
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V n i i w u i t y .  

In studying the curative activity of drugs 
against lophurae malaria in ducks it was found 
that approximately half the birds died with 
no demonstrable malaria before it could be 
established that they were cured. Extensive 
studies indicated that the deaths were not 
due to living conditions or to the various ex- 
perimental procedures to which the birds were 
subjected. It appeared that the causative 
agent was in the blood injected to produce 
the malarial infection. Jnjection of blood 
from normal ducks did not produce deaths. 

’ This iiiveutigatiuii was cluiit. i i i idcby :I c.ontr:ic.t 
rrconimcndeci by the (’oriiniittee oil Mcrli~nl He- 
search between the office of Scicntific Research and 
Development and The J o h n s  Hopkins University. 

It seemed unlikely that the lethal agent 
was a toxin since the deaths were delayed 
15 to 30 days after infection and since the 
causative agent was transferable by blood 
passage. I t  also seemed unlikely that it was 
a form of maIaria since the birds which died 
had no detectable erythrocytic forms of the 
parasite and since studies in this and other 
laboratories’ had failed to reveal any large 
number of exoerythrwytic forms of P. 
Iophurac in the duck. Bacteriologic studies 
indicated that none of the common bacteria 
was responsible for the deaths. Tn view of 
these data it seemed likely that the lethal 
agent might be a filtrable organism. Subse- 

1 L-’ort.er, R. .J., personal communication. 


