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Further Report on Effect of Para-Aminobenzoic Acid in Experimental 

Tsutsugamushi Disease (Scrub Typhus). 

E. S. MURRAY, C. J. D. ZARAFONETIS, AND J. C. SNYDER. (Introduced by S. Bayne- 
Jones.) 

From the Cairo Tinit of the United States of America Typhus Commission. 

In a preliminary note experiments were 
described which indicated that the admin- 
istration of the sodium salt of para-amin* 
benzoic acid (Na PAB) reduced the mortality 
of experimental tsutsugamushi disease (scrub 
typhus) in gerbi1les.l Additional tests of 
Na PAB have now been completed with 
other strains of Rickettsia orientalis. The 
data of these further trials are presented 
below. 

Description of the strains of R .  orientalis. 
The sources of the Ceylon and Calcutta 
strains have been cited in another report.2 
The Karl, strain3 was obtained through the 
courtesy of the National Institute of Health, 
Bethesda, Maryland.* The inoculum was 
prepared from peritoneal fluid of infected 
gerbilles after one or more passages had been 
made in these rodents. 

Method of administration of N a  PAB in 
the diet. The plan of therapy as followed in 
Experiments 3 and 4 in the preliminary note, 
was changed slightly to improve the regu- 
larity of sthe food intake of the gerbilles. The 
changes were these: (1) water bottles were 
not used; ( 2 )  all of the food dishes were re- 
moved, cleaned, and filled with freshly pre- 
pared wet mash, and then replaced in the 
cages, every 8 hours during the 21 days of 

1 Snyder, J. C., and Zarafonetis, C. J. D., Report 
to the Director of the U.S.A. Typhus Commission. 
Submitted for publication 9 October, 1944. In 
press. 

2 Zarafonetis, C. J. D., Report to the Director of 
the U.S.A. Typhus Commission. PROC. Soc. EXP. 
BIOL. AND MRD., 1945, 50, 113. 

3 McLimans, W. F., Grant, C. W., and Gersh, I., 
Report No. 1 (from the Naval Medical Research 
Institute, Bethesda, Maryland), 4 October, 1944. 

* The autliors wish to thank Lt. Comdr. A. Yeo- 
mans for transporting the infected animals to the 
Cairo laboratory. 

each test. The composition of the wet mash 
was essentially the same as previously de- 
scribed: 80 g of dried, powdered Egyptian 
bread, 2 g of sodium chloride, and 60 cc of 
milk constituted the basic mixture. For the 
controls 40 cc of tap water was added. For 
the treated gerbilles 40 cc of approximately 
10.4% Na PAB solution was added. In  
most instances the food dishes were filled 
with slightly more of the mash than the 
gerbilles were able to consume in any %hour 
period. The control mash and the Na PAB 
mash were placed in the cages a few hours 
after the inoculation of R. orientalis suspen- 
sions in every test except Experiment 5 .  No 
attempt was made to determine the effect of 
delayed administration of Na  PAB on the 
course of the infection. 
1 Method of administration of N a  PAB 
parenterally. All of the gerbilles received 
subcutaneous injections every 8 hours from 
the 5th or 6th to the 16th or 17th day after 
inoculation with R. orientalis. The control 
gerbilles received saline, approximately 0.1 
cc per 25 g body weight. The treated ger- 
billes received solutions of Na  PAB, approx- 
imately 0.1 cc per 25 g body weight, the 
solutions varied in concentration from 10.4 to 
11.6% in the different tests. This plan of 
treatment, in which the oral intake was sup- 
plemented by parenteral therapy, is referred 
to hereafter as the “routine combined Na 
PAB therapy.” 

The Na PAB was prepared by sthe addition 
of 5 0 0  cc distilled water to 84 g of Na HCOS 
and 137 g of PABA. In some instances the 
resulting dark brown solution was evaporated 
to dryness a t  room temperature, and the 
powder thus obtained was weighed out for 
the preparation of the solution in distilled 
water. The concentrated solutions were ad- 
justed to the desired strength by ‘the addition 
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conduction either of discrete excitations or 
of mass electrical currents were found to cause 
only a slight, almost negligible, interference 
with motor coordination. 

The lesions consisted of intersecting trans- 
verse and longitudinal cuts a t  intervals of 
about 2.4 mm made subpially with a thin knife 
and extending roughly through the depth of 
the cortex to the underlying medulla. Be- 
cause the cuts filled immediately with blood, 
the effect of the operation was to partition 
the cortex by numerous vertical walls of 
clotted blood of about 0.08 mm thickness. The 
cuts interrupted the horizontal transmission 
of excitations through the cortex itself, but 
left intact the axon interconnections looping 
downward through the white matter. These 
incisions were placed throughout the exposed 
surface of the cortical arm region including 
areas 6, 4s, 4, 1, 2, 5, and 7 as represented 
on architectonic charts with some overlap 
into the neighboring trunk, leg, and face 
areas. As a control of the effects of these 
incisions the corresponding cortical area was 
destroyed completely by excision in other 
animals. 

The control animals showed a severe paraly- 
sis of the contralateral arm and hand which 
persisted with only slow improvement for a 
month or longer. In contrast partitioning the 
area with vertical incisions as described above 
caused practically no disruption of arm co- 
ordination. On the first day after operation 
no difference was noted in ,the use of the 
affected and normal arms in rapid running 
and climbing movements in a large cage. Even 
in fine movements of the fingers and hands 
in manipulating pieces of food, the differ- 
ence between the normal and affected limbs 
was very slight. A little weakness in the 
manipulative finger movements of the affected 
hand and some preference in such movements 
for use of the normal hand were the only 
symptoms noted on the first day after opera- 
tion. By the seventh day no trace of any 
motor deficit could be detected. Nor were 
any sensory or autonomic effects apparent al- 

though no special effort was made to test for 
these. Uninstructed observers could not, 
even with close study, determine at  this time 
which w'as the affected arm. Thus although 
the electrostimulable points in the cortex for 
movement of shoulder, elbow, wrist, and 
digits had been separated from each other by 
incisions as described above, there was no 
incoordination in the arm and hand move- 
ments. The same results were obtained in 
three unilateral cases. The effects were similar 
also when lesions of the same type were placed 
in the opposite hemispheres of these three ani- 
mals about three weeks after the first opera- 
tions. Histological examination of the cortex 
showed that the knife cuts had clearly ef- 
fected a vertical partitioning of the grey 
matter as intended. 

The surprising lack of disturbance in 
motor coordination caused by putting mul- 
tiple vertical partitions in ithe cortical arm 
field casts evident doubt on hypotheses of 
cerebral function which have assumed that 
horizontal intracortical interaction between 
and within cortical areas is extensive and an 
essential element of cortical integration. The 
experiments indicate that functional interac- 
tion between cortical loci is achieved almost 
entirely by the systems of axons passing 
through the white matter and that the intra- 
cortical interaction per se is largely vertical. 
This is in accord with the descriptions of 
intracortical synaptic relations presented by 
Lorente de N6l in which he has pointed out 
that intracortical connections are established 
chiefly in the vertical direction with the cells 
of the various horizontal layers linked to- 
gether in vertical chains. 

Further work is under way to determine 
the effects of making the incisions increas- 
ingly numerous and closer ltogether and also 
a t  increased depths into the white matter. 
Extension of the experiments to the visual 
cortex has been started. 

1 Lorente de N6, Chap. XV in Physiology of the 
Nervous System by J. F. Fulton, Oxford Univer- 
sity Press, N.Y., Inc., 1943. 
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combined Xa P.AB therapy.” Titration of 
inoculum: dilutions in saline to lo-”.“, 10--3.6, 
and le4.!), One cc of each dilution inocu- 
lated into 4 gerbilles i.p. Results in Table 11. 

Experiment 10. Karp strain. Inoculum ob- 
tained from second passage in gerbilles of 
the material derived from white mice brought 
to Cairo from the National Institute of 
Health. Moribund gerbille sacrificed; 3 cc 
fluid from peritoneal cavity was lightly centri- 
fuged for a few minutes; the supernatant 
constituted the “undiluted inoculum.” This 
was diluted with saline to lCbl and the latter 
was lightly centrifuged for a few minutes. 
Further tenfold dilutions were thereafter 
made without centrifuging. Broth cultures 
were negative. Treatment was “routine com- 

bined Na P,\B therapy.” All of the control 
gerbilles had characteristic autopsy findings. 
Sone  of the 4 treated gerbilles which died had 
typical autopsy findings. Results in Table 
111. 

Experiment 11. Karp strain. Inoculum 
obtained from second passage in gerbilles of 
the material derived from guinea pigs brought 
to Cairo from the National Institute of 
Health. Moribund gerbille sacrificed; 1 cc 
fuid obtained from peritoneal cavity; this 
was diluted with 3 cc saline and the result- 
ing suspension was called “undiluted in- 
oculum.” Serial tenfold dilutions in saline 
were made. Broth cultures showed no 
growth. Treatment was “routine combined 
S a  P.4B therapy.” All controls died with 

~ . \ i u , I :  I I r. 
Ksiwrinic~iit 111. J<:irl) Strain. 

Controls ‘1‘ rea t cd 
I 7‘ _- 3 

Ratio survivors Rn tio survivors 

i nocul urn days af tc r  inorul:itioii total iii grouli days nftcr inoculation total  in group 
Cone. of Time of dc:itli of c:ic*li gcrhillc, t o  T h e  of dc:] tli of each gcrbille t o  

10-2 8 , 8 , 9 , 9 ,  1 0 , 1 0 , 1 0 , 1 1 , 1 2 , 1 3  O/lO 
lo-:; 1 1 , l l ;  11 ,11 ,11 ,11 , l t ’ ,  13, 1 3 , 1 3  0’10 

10-3 12, 15, 15, 17, 17 0 / 5  
10-4 12, 13, 14, 14, 14, 14, 13, 15, 15, 1 G  0 / 1 0  

- 
Total 0/35 

10/10 
11* 9/10 
1Gt 8/9 
13,s‘ 190 3/5 

Total 30/34 

Thc gerbilles wejghed from 30 to 50 g :it tlic time of inoculation; thcy were evenly distributed be- 

- 1)icd in coii\ulsion u1wn incwuI:rtioii witli Rx. .\utolbs:: clicst filled with free blood; otherwise nega- 

t Autopsy: minimal fluid in chest ; 110 peritonc3:iI exudate; liver and spleen only slightly enlarged. 
3 Autopsy: tremendous dilatation of gut ; otherwisl. ntyptive. 
$ A.utopsy: slight en1:trgement of liver and spleen; oilierwise negative. The animals in this cage 

twc i i  control and trc1:itrd groulis :ic*c*i)rdiiig to tliciir weiglits. 

ti\-(>. 

were sick for several days in the middle of the experiment, and the survivors improved. 

TABLE TV. 
Espcrirneiit 11. 1i:rrp Strain. 

(‘on t rols Treated 
II \ I‘ \ 

Ratio survivors Ratio survivors 

inocduin days a f te r  inoculation total in group days a f te r  inoculation total  in group 
Conc. of Time of death of each gcrbille to Time of death of each gerbille, to 

10-2 9, 9, 9, 9, 10 0/3 12, 15 3/5 
9, 9, 9, 9, 10, 10, 10, 10, 

10-4 14, 16, IG, 16, lti 0/5 5/5 
10-5 14, 14, 14, 14, 17 0 / 5  

10-3 
10, lo, 10, 1 0 ,  11, 11, I 1  o/ 1 5 1.3, 18, 19 12/15 

- - 
Total 0/30 Total 20/25 

The gerbilles weighed from 30 to  50 g at the time of inoculation; they were evenly distributed be- 

The italicized figures in  the treated gerbille column indicate tha t  the animal did not show charac- 
tween control and treated groups according to their weights. 

teristic findings of R.  orientalis infection at autopsy. 



PARA-AMINOBENZOIC ACID IN SCRUB TYPHUS 83 

TABLE V. 
Summary of Experiments 3,” 4,” 5, 6, 10, and 11, in W1iic.h Gerbilles Hrceived “Routine Com- 

bined Na PAB Therapy. ,’t 

Controls Na PAB treatment 
d v < \ 

Cone. of Ratio survivors Ratio survivors 
inoculum to total survivors to tot31 % survivors 

‘ ‘ Undiluted ’ ’ 0/8 0 
10-1 0/38 0 
10-2 0/3 1 0 

10-4 0/15 0 
10-5 0/5 0 

1 0 3  2/33 6 

- - 
Total, all inocula 2/130 1.5 

2/8 25 
34/39 87 
25/30 83 
28/32 88 
13/14 93 

60 

10 5/ 12 8 82 
- 3/5 

* The protocols of Experiments 3 and 4 were reported in the preliminary note.1 
t The table does not include the control gerbilles which received inocula for titration if such 

inocula were not also given to corresponding groups of treated gerbilles. 

characteristic autopsy findings. Four of the 
5 treated gerbilles which died did not have 
typical autopsies. Results in Table IV. 

In  the 8 different trials of PABA in gerbilles 
infected with the Ceylon, Calcutta, Imphal 
and Karp strains of R. orientalis there were 
two routines of administration of PABA. The 
first routine was the feeding of a dry diet con- 
taining 3% of PABA in the acid form; 
parenteral therapy either was not given, or 
was inadequate to produce sustained concen- 
tration of PABA in the blood. There were 
no survivors in the 2 experiments of this type 
(1  and 2),’ and merely a slight prolonga- 
tion of survival time of treated gerbilles as 
compared with the controls. The blood con- 
centration of PABA by this plan of therapy 
is usually low and frequently zero. 

The second routine of therapy in our ex- 
periments was the combination of oral and 
parenteral administration of the highly 
soluble sodium salt of PABA. This routine 
assured a sustained concentration of PABA 
in the blood of the treated rodents during the 
entire period of the tests. The results of the 
experiments in which this routine was ad- 
hered to throughout (No. 3, 4, 5 ,  6, 10, and 
1 1 ) , are summarized in Table V. 

The striking difference between the mor- 
tality of the controls and the treated gerbilles 
is clearly evident. There were 130 control 
gerbilles and of these 2 survived (1.5%). 
There were 128 treated gerbilles and 105 
survived (82%). The data in Table V were 
obtained from the inoculation of doses of 

R.  orientalis which ranged in severity from 
more than “one certainly fatal dose” to more 
than a “thousand certainly fatal doses.” 

There were 3 additional experiments (7 ,  
8, and 9)  with the Karp strain in which the 
conditions were not comparable to those in 
the experiments just reported. A change in 
the plan of therapy was followed in all or part 
of 7, 8, and 9, as a consequence of which the 
control as well as the treated gerbilles did 
not eat well during part of the tests and some 
were observed to be sick before such signs 
could be ascribed to infection with R .  orien- 
talis. In 2 of the 3 experiments the inocu- 
lum was derived directly from mice rather 
than from gerbille passage material. The re- 
sults were less satisfactory than those in 
Table V. A summary of all gerbilles in Ex- 
periments 7, 8, and 9 shows that one control 
gerbille survived of 79 inoculated ( 1.3 % ) . 
Eighteen treated gerbilles survived of 80 
inoculated (23 % ) . 

The difference between the results with 
the “routine combined Na PAB therapy” and 
the results with other routines of therapy 
serves to emphasize the importance of the 
method of administration of the substance 
in any attempt to evaluate its effect on the 
course of the infection. This may account 
for the relatively slight effect of PABA on 
experimental tsutsugamushi disease in white 
mice reported by Peterson and Fox4 and, by 

4Peterson, 0. L., and Fox, J. P., Report to the 
Director of the U.S.A. Typhus Cammission, 28 
November, 1944. 
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Grant and McLimans.cT In both of these re- 
ports PABA was given only by mouth, in the 
acid form. In the experiments of Grant and 
McLimans the concentration of PABA in the 
diet was roughly one-tenth the amount which 
proved successful in our experiments. In- 
deed, it is surprising that any effect was 
noted with such a small amount of drug. 

I t  is our opinion that a thorough clinical 
trial of PABA against tsutsugamushi disease 
in humans is justified by the definite effect 
which PABA exerts on experimental tsutsuga- 
mushi disease in gerbilles. This favorable 
effect has been fully verified by repeated 
trials, using strains of R.  mientalk from wide- 
ly separated regions (India, Ceylon, New 
Guinea). Furthermore, the clinical evidence 
from PABA therapy of epidemic louse-borne 

~ 

5 Grant, C. W., and McLimans, W. F., Report 
No. 2 (from the Naval Medical Hcscnrcli Institute, 
Bethesdn, Maryland), 11 Xovenibcr, 1944. 

typhus6 has shown that i t  is safe to give 
PABA to man in large amounts. 

Summary. Additional evidence has been 
cited to indicate that the sodium salt of 
p-aminobenzoic acid definitely reduced the 
mortality of experimental tsutsugamushi dis- 
ease in gerbilles. A description has been 
given of the routine of administration of Na 
PAB which was successful. Data from other, 
less successful, routines have been reported 
to emphasize the importance of the mode of 
therapy in the evaluation of PABA in ex- 
perimental infection with R.  orientalis. A 
clinical trial of PABA in human tsutsuga- 
mushi disease is strongly recommended. 

BYeomans, A., Snyder, J. C., Murray, E. S., 
Zarafonetis, C. J. D., and Ecke, R. S., J .  A .  211. A. ,  
1944, 126, 349. 

The :ruthors acknowledge the valuable technical 
assistance of Sergeant J. Dworkowitz and Corporal 
D. Hogan. 
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Certain Bacteriostatic Agents Added to Sera Used in Diagnostic Tests for 
Neurotropic Virus Infections.* 

W. McD. HAMMON AND W. C. REEVES. 
From the George WillicCms Hooper Foundation, 

During the patst five years a large variety 
of serological tests for virus infections, usually 
in vivo, but sometimes in vitro, have been 
made in this laboratory on several thousand 
serum specimens. Sera were generally tested 
for mouse protection against the viruses of 

* This investigation was carried out in collabora- 
tion with the Oommission on Neurotropic Virus 
Diseases, Board for the Investigation and Control 
of Influenza and Other Epidemic Diseases in the 
Army, Preventive Medicine Division, Oilice of the 
Surgeon General, U. S. Army; and under a con- 
tract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research 
and Development and the University of California. 
Aided by a grant from the National Foundation 
for Infantile Paralysis. 

University of California, San Francisco, Calif. 

both Western equine and St. Louis enceph- 
alitis and many were tested against the 
Lansing strain of poliomyelitis virus (adapted 
to the mouse by Armstrongl). Occasionally 
tests were made against the Eastern equine 
encephalomyelitis virus, the Japanese B en- 
cephalitis virus, a recently isolated strain of 
virus from California with neurotropic 
tendencies2 and, more rarely, against still 
other neurotropic viruses. In  addition 
to these tests, many of the specimens 
were subjected to experimental in vitro tests. 

1 Armstrong, C., Pub. Health Rep., 1939, 54, 

2 Hammon, W. McD., and Reeves, W. C., unpub- 
1719. 

lislied data. 




