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przncreata were minced together for each in- 
cubation, and the p l e d  mince was divided 
into three equal aliquots. One aliquot served 
as the control, one was incubated with STH, 
and one with DNP. The I T  labeled amino 
acids were added to the incubation mixture 
and the tissues were incubated for 4 hours. 
Insulin activity was extracted from each tissue 
and medium and concentrated on Sephadex 
G-50 columns. Assay for I T ,  IRI, and ILA 
indicated that the greatest amount of IRI  
and ILA was found in the fraction from the 
column that eluted in the same position as 
crystalline insulin. This fraction in the control 
and STH tissues had an appreciable amount 
of 14C. It is concluded that the duct-tied 
pancreas preparation is a useful model to 
study insulin biosynthesis. The presence of 
STH did not alter the incorporation or the 
recovery of IRI  or TLA in this preparation. 

We are grateful to Mrs. Glenda Lipke and Mes- 
sers F. E .  Wright and H. L. Neldon for valuable 
technical assistance. 
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and Japanese B Encephalitis Virus Infections in Chiroptera* (32828) 
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Variations in ,the susceptibility of different 
species of insectivorous bats to experimental 
infection with centain strains of arthropod- 
borne viruses and the failure of susceptible 
species to  show overt signs of encephalitis 
even when high levels of virus were demon- 
strable in brains and other tissues have been 
reported ( 1 ) .  These observations prompted 
additional studies designed to determine fac- 
tors which might allter the response of resistant 
species or precipitate symptoms and death in 

*This inwstigation was suppontd by Public 
Hedth Service training grant 5 TO1 AT00142 and 
National Science Foundation Grant GB-6612. 

susceptible species. Experiments with gravid 
bats demonstrated that the physiological stress 
of pregnancy did not alter the course of in- 
feation with strains of Japanese B encephalitis 
(JBE) or St. Louis  encephalitis (SLE) vi- 
ruses ( 2 ) .  In a correlated study it was shown 
that administration of cortisone did not in- 
crease the susceptibility of Tadarida b. 
mexicana to a strain of SLE virus of low 
infectivity for this bat species (Sulkin S. E., 
Sims, R. A., and Allen, R., unpublished ob- 
servation). The increased body temperature 
and metabolic rate resulting from the main- 
tenance of baits a t  37°C caused a more rapid 
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and intense viremia with JBE virus but no 
signs of encephalitis or evident damage to 
tissues was observed (3). 

Bacterial endotoxin has been shown under 
various circumstances to alter the suscepti- 
bility of mice to certain bacterial and viral 
infections (4-6) and 6-thioguanine, a radio- 
mimetic compound, is known to suppress re- 
sistance of mice #to viral infection (6). This 
report presents preliminary data concerning 
the influence of endotoxin and thioguanine on 
the course of experimental JBE and SLE virus 
infections in two species of imtivorous bats. 
Since environmental temperature influences 
the course of experimental arbovirus infection 
in bats (3) experiments were conducted a t  24 
and 37°C. 

Materials and Methods. The source and 
history of the OCT-541 strain of JBE virus 
and the Flicker Bird-55 strain of SLE virus 
used in this study appear elsewhere (1).  Little 
brown bats (Myot i s  1. lucifugzis) and Mexi- 
can free-tailed bats (Tadarida b. mexicana) 
were maintained in the laboratory at  24 or 
3 7°C as described previously ( 1, 3) .l Bats to 
be maintained at  37°C were adapted to that 
temperature for a period of 3 days prior to the 
initiation of the experiment. 

Commercial preparations of 6-thioguanine 
( 2 -amino- 6-me rap topu r i ne ) were obtained 
from Calbiochem. The compound was sus- 
pended in 0.1 M phosphate buffered saline 
(PBS), pH 7.0, and was dissolved as the 
pH was raised slowly to 9.5-10.5 with 4 N 
NaOH. The minimum toxic dose was deter- 
mined by inoculating bats intraperitoneally 
with 0.5 ml of varying concentrations of the 
compound. A sublethal dose of 0.12 mg/gm of 
body weight was administered 3 days prior to 
inoculation with JBE or SLE virus. Dried, 
purified preparations of the endotoxin ( l i p -  
polysaccharide) of Salmonella abortus equi 
were obtained from Difco laboratories. T'his 
material was dissolved in a volume of distilled 
water ,to a concentration of 250 pg/ml. Bats 
were given 5 pg of endotoxin/gm of body 
weight intraperitoneally 1 day before adminis- 

1 The authors wish t o  express itheir gratitude to 
Mr. William Hanszen and Mr. Wcadrow Good- 
paster who helped in netting the bats used in this 
study. 

tration of JBE or SLE virus. Control p u p  
of bats which received virus alone were in- 
cluded. 

Animals h0ld at  24'C were sacrificed on 
day 7 after subcutaneous inoculation of 150 
weanling mouse intracerebral LD5@; those 
held at  37°C were sacrificed on the third day 
postinwulation. Brain, spleen, lung, and 
liver were harvested for virus assay. The pres- 
ence of virus in bat tissues was determined by 
the intracerebral inoculation of 20% sus- 
pensions in PBS, pH 7.8, into groups of 
weanling white Swiss mice. 

Results. Table I shows -the effects of pre- 
treatment with endotoxin or thioguanine on 
experimental SLE and JBE virus infection in 
Tadarida b. mexicana. In  bats inoculated 
with SLE virus and maintained a t  24"C, pre- 
treatment with either substance significantly 
affected the course of the infection. In the 
control group there were few animals with 
virus demonstrable in any tissue at  time of 
harvest. After ltreatment with either endotoxin 
or thioguanine, however, all tissues in the 
majority of the bats tested were positive, with 
the exception of brain tissue of animals which 
received tlioguanine. In most instances the 
levels of virus present in the tissues of treated 
bats were higher as evidenced by the higher 
percentage of mice succumbing as compared 
to the untreated control group. The influence 
of endotoxin and thioguanine on SLE in- 
fection in bats maintained at 37°C was not as 
marked as observed at  24OC. Thioguanine in- 
duced increased multiplication of virus in 
spleen, lung, and liver, whereas endotoxin in- 
fluenced Ithe demonstration of virus in only 
spleen and lung tissue. Neither substance had 
any effect on growth of SLE virus in brain 
tissue art this temperature. 

Endotoxin and thioguanine also influenced 
experimental JBE virus infection in T .  
mexicana maintained a t  24°C although !ess 
significantly than in experiments with SLE 
virus since all five untreated control bats 
showed evidence of virus multiplication in 
liver tissue at  time of sacrifice. Endotoxin in- 
creased the number of animals with positive 
brain tissue, whereas thioguanine had no effect 
on the demonstration of virus in the brain but 
did induce an increase in virus multiplication 
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T A B L E  I. Effects of Pretreatment with Endotoxin or Thioguaiune on the Distribution of Virus in  Tis- 
sues of Tndnrida b. ?nczicana Held a t  24°C or 37°C following Subcutaneous Inoculstio~t with St. Louis 

or Japanese I3 Encephalitis Virus.a 
~ ~~ ~ ~ ~~~ ~ ~ 

Tissues from bats held :it 21°CD Tissues from bats  held at 37°C" 

Virus iiioculated Trentmcnt Brain Spleen Lung 1,ivcr Brain Spleen Lung Liver 

St. Louis encephalitis Endotosiii 5d(68)e 5 (52) 3 (91) 5 ( 6 0 )  0 3 (54) 2 (40) 0 
(Flicker Bird-55) Thioguaninc 1 (20) 5 (68) 4 (80) 5 (91) 0 3 (44) 3 (20) 5 (100) 

Sone 0 1 (20) 1 (20) 1 (60) 1 (20) 0 0 1 ( 6 0 )  

Japanese B encop1i;rlit.i~ Endotosin 4 (30) 2 (70) 1 (100) 4 (95) 0 0 0 3 (15) 
(OCT-541) Tliioguaninc 0 5 (56) 5 (53) 4 (65) l ( 2 0 )  0 0 2 (80) 

hTolle 0 1 (20) 0 5 (64) 0 0 0 5 (64) 

Lnoruluni W:LS :ipprosiiii:itcly 150 weanling mouscl i ~ i t r : i ~ ~ ~ r ~ ~ l ) r : i l  LDa. 
" H;irvcstc(l 011 s w w t l i  (lay af te r  iiioculatioii. 
' H:irvc1stetl o i i  tliirtl d:iy af te r  inoculation. 
' Suiii1)cr of l):Lts, out of fire tested, with virus in  tissutb. 
' Percent:i.ge of inice succumbing when inoculated with positive tissues. Wlieii 2Ufkj or less succunibcd, 

virus  identified hp sc'runi neutralization tests in HKC cultures. 

TAI3LE I I. Effwts  of Pretrentnient with Endotosin or Thioguailine on the Distribution of Virus in Tis- 
sues of M y o f i s  1. litcifzcgrts Held a t  24°C or 3i"C following Suhcutaiieous Inoculation with St. Louis 

or Japtuiese €3 Encephalitis Virus.O 

Tissues froiii ba ts  held a t  24"(?' Tissues from bats  held at 37°C" 

Virus inoculated Trea tnient Rraiii Spleen Lung 1,iver Brain Spleen Lung Liver 

St. Louis e m q h l i t i s  Endotoxin 3d(67)c 3 ( i s )  3 (94) 5 (100) 1 (20) 0 0 5 (100) 
(Flicker Bird-55) Tliioguaniiie 4 (45) 4 (60) 4 (80) 5 (80) 0 0 0 0 

S o n c  0 0 0 0 0 0 0 0 

Japantue I3 encepli;tlitis Eiitlotoxiii 5 (88) 5 (80) 5 (84) 5 (88) 3 (47) 2 ( 3 0 )  3 (47) 3 (30) 
(OCT-541) Tliioguanine 1 ( Y O )  2 ( 3 0 )  3 ( Y O )  3 (40) 2 (60) 1 (20)  3 (47) 2 (50) 

xolle 0 0 0 0 0 0 0 0 

Inoculuin was approxiniatctly 150 weailing iiiousti iiit r:rcert.br:il I&,,. 
* Harvested on seventh day after inoculation. 
" Harvested on third day a f te r  iiioculatioii. 

Number of bats, out of five tested, with virus in tissue. 
Percentage of mice suctunibing wlieii inociilated with positive tiusuvs. WIicii 30'&1 or less succumbed, 

virus ideiit.ified by seruiii ncutr:ilization tests in HKC cultures. 

in spleen and lung tissue. Infection in bats 
maintained ,at 37°C was nat significantly 
affected by either substance. Only liver tissue 
contained JBE virus in quantity regardless of 
whether the animals had been treated or not. 

Table I1 presents data from experiments 
concerned with the influence of endatoxin and 
thioguanine on SLE and JBE virus infection 
in another bat species, Myotis 1. Zucifugus. 
The resuks obtained with animals held at  
24°C were quite striking. Neither virus could 
be detected in any tissue from control animals 

sacrificed 7 days postinoculation. Pretreat- 
ment with either endotoxin or thioguanine, 
however, resulted in a high degree of in- 
volvement of all tissues tested from the 
majority of the bats sacrificed at  this time. 
Endotoxin rendered animals particularly sus- 
ceptible to JBE infection, virus being present 
in every tissue tested from all 5 bats. Treat- 
ment with either substance appeared to in- 
crease the susceptibility of Myotis held at  
37°C to JBE virus to approximately the same 
degree observed in experiments at  24°C and 
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endotoxin had a marked effect on the growth 
of SLE virus in liver tissue of this species held 
at the higher Itemperature. Thioguanine, on 
the other hand, failed to induce a demon- 
strable effect on SLE virus infection in Myotis 
maintained at 37°C. 

Discussion and Summary. The results 
presented show that treatment of bats with 
either endotoxin or 64hioguanine prior to in- 
oculation with JBE or SLE virus affects the 
course of infection in these animals. At a 
given harvest time, when little virus was 
demonstrable in the tissues of control animals, 
tissues from most bats pretreated with either 
substance showed evidence of viral multipli- 
cation. This increase in susceptibility was 
much more marked in bats maintained at 
24OC than. in those held at  37°C where, in 
some instances, no change in the response to 
virus was observed. The apparent difference 
in the effect of these two substances on ex- 
perimental arbovirus infection in bats main- 
tained at 24OC versus animals held at  37°C 
could possibly be due t o  variations in the 
metabolism of the compounds a t  the different 
temperatures. Although ,treatment with en- 
dotoxin or thioguanine increased (the multipli- 
cation of JBE and SLE virus in various tissues 
of the bat, no overt signs of encephalitis were 
observed in any of the treated animals during 
the course of Ithe experiments. 

Bath 6-thioguanine and endotoxin are be- 
lieved to influence the susceptibility of ani- 
mals to bacterial and viral infeotions through 
action on the reticuloendothelial system. As 
already mentioned, 6-thioguanine is a radio- 
mimetic compound and, hence, has effects 
similar to those of X-rays which are known 
to injure the phagocytic mechanism ( 7 ,  8). 
Although macrophages from X-rayed animals 
are still capable of ingesting infeotious agents 
(9-11), the power to destroy the agents is 
lost and multiplication within the phagocytic 
cells can occur, furthering the infection (12 ,  
13). Mims' suggesltions concerning the role of 
macrophages in viral pathogenesis (14, 1 5 )  
are impontant in light of the above mentioned 
observations. If macrophages are made to sup- 
port multiplication of a virus which they 
would otherwise destroy, a successful infection 
may be established where it could not be nor- 

mally. Endotoxin also affects ithe reticuloendoc 
thelial system (4 )  but the nature of the effect 
is more complimted. A sin'gle large dose of en- 
dotoxin reduces the ability of the macrophages 
to ingest whereas several doses c a w  first an 
inhibition then a stimulation of the reticula- 
endothelial system (16).  Another factor in 
the effect of endotoxin is the presence of a 
pyrogenic substance which could have affected 
the response of the bat to  virus at  the different 
environmental temperatures. 

Regardless of the exact mechanism of the 
effects of endotoxin and thioguanine, both 
do affect the reticuloendathelial system and 
the response of the bat !to experimental in- 
fection with JBE or SLE virus. It may be in- 
ferred, then, that the success of viral in- 
fections in the bat, as in the mouse, may de- 
pend to a great extent on the response of the 
reticuloendothelial system to the agent. Re- 
sults obtained in studies concerned with early 
sites of multiplication of JBE and SLE virus 
in experimentally infected bats (Middle- 
brooks, et al., unpublished observations) s u p  
pont this hypothesis. I t  was found that the 
liver rapidly removed injeated virus from the 
blood and that this organ was a prime site for 
viral mu'ltiplication. In  all cases virus a p  
parently multiplied originally in the vascular 
endothelium and macrophages. 
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The literature prior to 1950 on the intestinal 
formation and absorption of prphyrins was 
reviewed in relation to an earlier detailed 
study of this problem ( 1) .  The collected evi- 
dence for and against absorption of copro- or 
protoporphyrin was inadequate and indecisive. 
The study referred to failed to reveal any in- 
crease of urinary coproporphyrin after feeding 
of either of the copraporphyrin isomers, or of 
hemoglobin, or meat. None of these earlier 
studies excluded absorption and re-excretion 
in the bile or possible conversion to other 
derivatives. This would relate especially to 
protoporphyrin which is not excreted in the 
urine. Appropriate studies in subjects with 
bile fistulae were not available. More re- 
cently, Aziz (2) fed protoporphyrin through 
an  inlying duodenal tube in an individual 
having a complete external bile fistula fol- 
lowing operation for carcinoma of the pan- 
creas. The administered protoporphyrin was 
unaccounted for on the basis of serial deter- 
minations of protoporphyrin in bile samples 
collected after the feeding. In  the meanwhile 
London and co-workers (3) had shown that 
protoporphyrin W given intravenously in a 
normal dog was converted to stercobilin but 
whether via preliminary heme formation in 
the liver was not determined. Quite recently 
(4) we have reported that protoporphyrin 14C 
is promptly convented to hepatic heme, thence 
to bilirubin, after intravenous administration 
in bile fistula dogs. A part of the injected 

~ ~~~~~ ~ ~ ~ ~ 

*Supported by grants from the Louis Weinberg 
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protoporphyrin was excreted in the bile as 
such, together wicth labeled bilirubin. 

Recently clinical improvement has been 
reported following cholestyramine therapy in 
patients with porphyria cutanea tarda ( 5 )  
and with erythropoietic protoporphyria (6) .  
This stimulated our interest to seek the ex- 
istence of an enterohepatic circulation (EHC) 
of protoporphyrin. I t  was believed that the 
problem could only be solved by the use of 
suitably labeled protoporphyrin ( Proto-). The 
above-mentioned conversion of Pr&o-l4C to 
bilirubin in dogs (4)  provided the basis for 
the present study. If Proto-lJC administered 
intraduodenally in man is absorbed, some frac- 
tion of the absorbed porphyrin should be 
converted to bile pigment in the liver and 
would then be detected as stercobilin lJC in 
the feces. 

Materia2 and Methods. The study was 
carried out on one of us (G.I.) ,  a normal male 
subject, age 37, in excellent health. Proto-14C 
was prepared as described previously (4) from 
a duck red cell hemolysate system incubated 
with 0.1 mC of 6-aminolevulinic acid-4-14C 
(ALA-IT),  see Table I. The hemoglobin 
Proto- dimethyl ester was isolzted from duck 
hemoglobin by Grinstein's method (10). The 
free erythrocyte porphyrins in the preliminary 
acetone wash of the hemoglobin powder (10) 
were fractionated as described in a previous 
publication (4 ) .  The crystalline free Proto- 
fraction (125 pg, 178.3 X loc' DPM/mg) was 
added to enrich the benzene solution of the 
crystalline (Hb) Proto- (5.22 mg, 1.75 X 10' 
DPM/mg) . The mixture was chromatographed 


