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Murine leprosy lesions occur most frequently in reti culoendothelial 
tissue, and bacilli proliferate electively in r eticuloendothelial cell s. A 
characteristic feature of both primary and metastati c lesions is that 
they invade mesodermal tissue and develop primarily around vein s and 
capillaries. This clear r elation to the small vessels is most r elevant as 
metastati c lesion s occur in the organ s : in the liver around the cen tral 
vein s and capillari es ~ around the vessels of suhmucous connective tissue 
in the tubular organs. The same is valid for le .. ion s in the lymph 
glands, spleen, bon e marrow, or even in the conn ective- tissue cells 
arolmd the vessels in the pia mater or around the vessels in the epine­
urium of the peripheral nerves. The interrelation of murine lepros~' and 
the reticuloendothelial system as well as c[\,pj]]ari es has been carefully 
studied by Tanimura and Nishimura (6). 

The question then arises as to what is the reti culoendothelial and 
capillary endothelial r esponse to this disease which is so closely r elated 
to these two types of cells, both r epresenting the first defense barrier 
against injury. W e have inves ti gaten this probl em, and a summary of 
our observation s is reported in this paper. 

MATERIALS AND :ME'l'HODS 

Albino rats of the vViersing strain, of both sexes, were us('d throughout the experi­
ments, The rats weighed 50 gm, at the time of in fec tion, and wcrc kept on standard 
di et. Using a 3-month-old rat granuloma, thc bacilli \\"ere sf'parated by successive 
centrif ugation, washed, and dilu ted with saline to 20 times thc weight of the granuloma . 
No serum albumin was a?d('d. Eighty rats were inocula ted wi th 0.5 cc. of the f reshly 
prepared suspension of bacilli subcutaneously into the left scapular region. At the same 
time 80 other animals r eceivcd 0.5 cc. of saline and served as controls. The capillary 
reaction as well as rcticuloendothelial response was invcstiga ted: (1 ) 20 days after inocu­
lation, when no palpable granulomata were prescnt at the :; ites ; (2 ) aftcr 70 days, when 
palpable lesions had begun to develop; and (3) aftf'r 120 cla ys, when all of the test 
animals presented hugf' granulomata, some of them wi tll necrotic skin per forations, and 
showf'cl loss of weight. 

Upon f'ach occasion, 20 infected and 20 control rats werc chosf'n ft bi trarily and 
wcrc sep arated in to fo ur groups : (1) 10 controls; (2) 10 in fected rats ; (3 ) 10 serotonin 

1 'l'hi s work was par tially ai ded by grant f I'om th e Mini~t ry of H ealth of . the ProviJl ce 
of Quebec (F ederal -P rovin cial Heal th Research Grflnts ) . 
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(5-hydroxytrypta~ine (5-HT)) depleted controls; allll (4) 10 5-HT-depletrd infrctl'd 
animals. 

The serotonin depletion was performed by intraperitoneal injection of 0.3 mg m/ IOO 
gm. of Rpserpine 18 hours before the experiment. Each rat of each of t he four gTOUpS 
received 30 mgm. of dextran illtraperitonea lly, aftl'!" bl'ing weig'heel. Twenty minutes 
later, 5 rats in each group received 10 Jlgm of histamine hydrochloridl' in 0.1 cc. salill e 
into the abdominal skin, depilated the previous e'"l'lIing' with an I'lt'dric J"Ilwr. Im­
med iatply after the histamine injection, 0.5 cc. / 100 gm. of India ink containing 3 per 
epnt carbon and 3 prr c!,nt gelatin was injpcteel intraYl'nously. Eighty minutes attN' the 
dex.tran injection, the rr rmlining' 5 rats in eael l gTO lip l'pepivN1 thp Sl1 mp illjrction of 
histaminr intradermally I1nd India ink intravenously. 

The earbon content in the blood was determinrd as by Heller et (/,1. ( 3), pllfltonH'tTic­
a lly at 5000A. To detrnnine the rate of India-ink clearance, blood sa mpll's ,,'pre blken 
fro m the tai l vein of each rat every 10 minutes. Carbon content in the circulatillg blood 
was I'xpressed as Jlgm!cc. 

India-ink accumulation was registered at thl' s ite where histamine was injected into 
the skin, in and around the granuloma, and in thl' extrpmitil's. Intensities of thesr r eac­
t ions II'l're assigned as negative to 4 + . 

Dl'xtran-induced edema of the extl'l'mitil's and gl' lIitl1lil1 WI1S l"!'g ist('rrd 20, 30, 40, 
80 and] 1 0 minutes after the dextran injection. Tntr' lls ity of N1('ml1 was I1lso not('d as 
negat iyl' to 4+. 

At the I'nd of t he experiments the animals wprl' killl'd, t Ill' llbdominlll skin was ),p­
moved , and India ink accumulation was read insidp t he rl'movecl sk in . The liY('rs and 
s pl e(,ll s wl're weighed. Autopsy was performed to rl'vel11 gross pathologic lesions. 

EXPERIMENTAL RESULTS 

The experimental set-up and a summan- of the findings are pre­
~enteo in Table 1. 

RESULTS 20 DAYS AFTER INOCULATION 

At this time, when the inoculated animal s were still virtually nor­
mal, no detectable granulomata were palpable through the skin; at 
autopsy an incipient lesion could be found in the subcutaneous tissue. 
There was no, or at the most weak, India-ink accumulation in or around 
the inoculation focus. 

If India ink is injected before edema is induced by dextran, the dye 
accumulates at the site where histamine is injected and in the extremi­
ties, face and ears, where later the edema will develop. This India-ink 
accumulation is extremely intense in the infected rats as compared with 
the control animals. India ink clearance frolll the hlood was at a normal 
rate in all of the rats. 

A surprising difference was noted between the infected and unin­
fected groups when India ink was injected 80 minutes after dextran, at 
the time when dextran-induced edema had developed in th e exh'em iti es. 
As previously described (2), in normal animal s no d.\"e acculllulation 
can be produced with hi stamine, during the presence of dextran-induced 
edema, nor is there any dye accumulation in the extremities. l-lowever, 
a rever sed capillary response was p resent in the infected rats, rnani­
fested by an intensified dye accumulation in the extremities ano at the 
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site of hi stamine injection. During the presence of dextran-induced 
edema, as before, there was but weak dye accumulation in th e in cipi ent 
granulomata, and again no differences in India-ink clearanee wer e 
observed. 

In the serotonin-depleted, uninfected animal s, if Tndia ink was 
injected before the appearance of dextran-induced edellla no dye aCC Ulll­
ulati on occurred, a s also described previously e). The infected rat :-; of 
the 5-HT-depleted , group, however, presented a r everse capillary 
response : an intense dye accumulation occurred at the s ite of hi :-; talll ine 
injection, whether India ink was injected before or during the pre:-;ence 
of dextran-induced edema, hut there was no difference in dye accumula­
tion in the extreinib es if India ink ·was inj ected during the pl'e:-;ence of 
edema. No dye accumulation oceurred at the site of infection. There 
wel'e ])0 differ ences between these two groups with r espect to India-ink 
clearance. 

HEsuur s 70 DAYS AFT ER INOCULATION 

At thi s time, granulomata wer e palpable through the skin, and at 
autopsy there were well-developed but nonn ecr oti c lesion s a t th e si tes 
of infection. At this stage of the prog ressing di sease, relllarkahl e 
differences w,er e found again between the capj]]al:y behayior in the 
infected and uninfected rats, characterized by an intensined capillary 
response to histamin e inj ection before the occurrence of dextran­
induced edema. During the edema, when no dye accumulation can be 
provoked by hi stamine in the control rats, ther e was an intense dye 
accumulation in the infected animals. At this stage of infec ti on India 
ink particles accumulate intensely in the granuloma and the nearby 
connective tissue. 

In animals depleted of 5-Hr:I\ no dye accumulated in the g ranulo­
mata. In the depl eted controls, there wa s no dye acculllulation a t the 
site of histamine injection or in the extremiti es, whi le again there was 
accumulation in these sites in the infected rats. The India-ink clearan ce 
rate was the same whether the animal s are infected or not. 

RESULTS 120 DAYS AFTER I NOCULATION 

At this time huge granulomata had developed in every infected r a t 
which was tested. Some of the animals had necroti c skin perforati on, 
and at autopsy all lesions presented necrotic center s. 

At thi s advanced stage of infection, all tes ted r eaction s 'were the 
same in the infected and uninfected rats, whether normal or 5-HT­
depleted. As usual, India-ink clearance was at the same rate. Th e 
r emarkable thing is that ther e was no dye accumulation in the hnge 
g ranulomata or in the nearby connective tissue. 
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DISCUSSIO~ 

The capillary wall is not only a selective barrier between the blood 
and the surrounding tissues, but it represents a rather special and 
unique functional entity. Every component of the semipermeable mem­
brane undergoes profound alteration s in different conditions and under 
different influences, and the capillary endoth elial cells alter their physi­
cal and chemical characteri sti cs accordingly. The tran sport of mole­
cules and particulate matter through the capillary bed is particularly 
alter ed as mechanical, physi,cal or chemical stimuli occur at or near the 
capillary bed. If stimuli or injuri es occur, capillary endothelial cells 
acquire a peculiar adsorptive capacity. The inner surface of th e cells 
becomes sticky, and particulate matter, like colloid dye circulating in 
the blood stream, adheres to the sti cky cell surfaces at and near the site 
of the injury. 

Thi s capillary r esponse is the most important feature of the first 
stage of the inflammatory process, and it is an important defense bar­
ri er permitting the localization of injurious agents. The acquired stick­
iness of the capillary endothelium is visualized by the India-ink accum­
ulation at the site of lesions or stimuli, such as intradermal injection 
of histamine. The India ink test also demon strates the "activated" 
functional capacity of capillary endothelium, a state in which the cells 
can perform the same function a s any other cell of the reticuloen­
dothelial system: an active engulfment of particulate matter. In this 
stage of endothelial "activation" there is no functional difference 
between "common" (reticuloendothelial) or " special" (capillary) 
endothelial cells. Accumulation of India ink or other colloid dyes, there­
fore, r epresents an activated state of the capillary endothelium. 

In 5-HT-depleted rats, however, the capillary endothelium cannot 
be activated, and, as previ ously described e )' there is no accumulation 
of India ink or acid dye at the site of injury or stimulus. It cannot be 
concluded, however, that endothelial activation is mediated by 5-HT; 
it seems rather that 5-HT interferes indirectly with endothelial activa­
tion C). 

In the light of this knowledge, an interpretation of the r esults 
obtained can ·be attempted. There is a definite fluctuation in capillary 
response during the progression of murineleprosy, as shown by altered 
India-ink accumulation in the infected rats. In the early stage of the 
disease there is an increased alertness of the capillary endothelium. 
This stimulated response is demonstrable when 10 /Lgm. of histamine is 
inj ected into the skin. ,Vhile India ink accumulates with medium inten­
sity at this site in control animals, an extremely intense dye accumu­
lati on occurs in the infected animals. 

:More characteristic are the findings if the dye is injected during the 
presence of dextran-induced edema, or into serotonin-depleted rat. . In 
thi s latter case there is no dye accumulation at the ite of injury or 
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stimulus, as we r eported earli er and as i:; :-;hown in the present experi ­
ments. Not so in the animals infected with murine leprosy. In the 
earlier stages of infection (20-70 days ) the capillary endothelium of 
the infected rats is activated by minute amounts of hi stamine 0 1' hy the 
anaphylactoid substance dextran, even during the presence of edema 
and even if animals are depleted of serotonin. ,]~hi s alte red capi ll ary 
respon se dur ing th e infection r eveals a stinwlaled read in ess of ('(lJi'il ­
lary endothelial cells in the combat again st inill rv. 

As the murine leprosy advances and huge neC"rotic les ion s appear 
th e 'stimulated capill ary r esponse is no longer present, ~ince no differ­
ence was found in the capacity of the endotheli al cell s to accull1ulate 
colloid dyes in the control and infected groups, whether normal or 
serotonin-depl eted. So long as there is an active defense again s t the 
invading parasite, the organi sm is mobilizing its annalllental'iUlIl as 
refl ected in the stimulated cap ill ary r espon se. This r esponse is no 
longer present in the late stage of the infection, when th e destiny of th e 
host is determin ed and th e d isease advan ces to th e in evitahle fatal out­
come. The s timulated cap illary r espon se disappears at tIl e time of th e 
appearance of metastati c visceral lesion s, whi ch were shown hy ']'::1111_ 
mura and Ni shimura (6) to occur at thi s time. 

Similarly in structive is the colloid-dye acculllulati?n in and around 
the granuloma. In the incipient lesion s and in those which are slowly 
progr essing, the intraven,ously-inj ected dye is accumulated intensely. 
This capillary r eaction shcrws an activated state in and around the 
lesions. Since India-ink accumulation is a vi sibl e sign of the acquired 
stickiness and adh esiveness of capillary endoth elium and of its 
increased permeahility, the dye accumulation in the earh ' granuloma 
refl ects a continual endothelial activation , a continual acquired ad sorp­
tive capacity of the endothelial surface. In the late stage (120 day s), 
thi s defense mechanism of th e capillary endothelium is no longer main­
tained. Although the same injury (granuloma) is present, no endotll e­
lial activation, no incr eased permeability, is evident: there is no dye 
accumulation in the late, huge necrotic granuloma. It is at thi s stage 
that the local defense barri er is broken through and metastatic lesion s 
occur. 

It is too early for speculation as to which factors mediate the 
increased capillary r esponse during the early pha~e of th e d i ~ea se, 
which factor s maintain it during the early progression, and th en break 
it as the disease approaches the fatal outcome. It is tempting to investi­
gate the participation of the activated "permeability factor" (4) in the 
stage of active defen 'e, and the interfer ence of the "inhibiti on per­
Ill eabi lity factor" in the stage of pass ive defense, to obtain a more 
accurate explanation of the present observations. 

1 t was quite natural that, during the period of experimentation, the 
rate of India-ink clearance fronl the blood stream of infected rats did 
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not (bffer at any time f r om that of the control rats. These results 
r eflect a nonnally-functioning r eticuloendothelial system during this 
period of the disease. It is not excluded that in even more advanced 
stages, when the reticuloendothel ial system becomes progressively 
invaded, the rate of clearance becomes delayed. These experiments 
were not attempted, hecause in aged rats, weighing more than 400 gm., 
the Tndia-ink clearance CaJ1l10t be evaluated because of great individual 
fluctuation. At the ] 20th day the average weight of tIl e control s was 
-:1:23 gm., against 285 gm. for the infected rats (without the weigllt of 
the granuloma). 

,]~he r elative weight of livers and spleens of infected and control rats 
did not show any differences dm'ing the whole period up to the 120th 
day:::. Biozzi et al. (') found that the weight of these organs increases 
progressively during infection with BCG- as the immunit~, progresses. 
\Vhether the unalter ed weight of these Qrgans in mnrin e leprosy r eHects 
a compl ete absence of immunity r emain s an open qnest ion. 

SUl\{]VIARY 

The capillary-endothelial and reticuJoendothelial respon es in rats 
wi th murin e leprosy 'were compared wlth responses in uninfected con­
trols. Experiments were performed on 110l'mal and serotonin-depl eted 
rats, 20, 70 and 120 days after inoculation. Capill ary reactions were 
provoked with dextran and with hi stamine, then v isualized with India 
ink. A definite fluctuation in capillary r esponse is demonstrable during 
the progresslon of the disease. In the early stage of the lnfection ther e 
is a s timulated systemic capillary response, but in the advanced stage 
this capillary alertness is no longer present. Si mil ar stilllUlated endo­
theli al r esponse is present in the Incipient and slowly p']'ogl'ess ing 
l e~ i on s of inoculation, wher eas in the late necroti c stage there is no 
endothelial activation in the granuloma. Apart from the altered capil­
lary r espon se ther e is no change in the phagocy tic function of the 
r eticuloendothelial system as sho'wn by the J ndia ink test made 20 and 
70 days after inoculation. 

RESUMEN 

La~ respuestas capiloendoteliales y r etlculoendoteli ale' en las ratas 
con lepra lllurina fUel'on comparadas con las observadas en los test igos 
indemn es. Los experimentos se ejecutaron en ratns norlllales )' des­
provistas de serotonian, a los 20, 70 y ] 20 dlas de lainoculacion, Se 
provocaron las reaccion es capilares con dextran y con hi stamina, visu­
all7.andolas con tinta china, Durante la agl'avacion de la enfel'medad 
puecle obse rvarse una flu ctuaci'on bien definida de la l'espuesta capilar. 
En el perlodo lncipi ente de Ia infeccion, se nota una excitacion de la 
l'espues ta capiIaI' COll stitllcional, pel'O en el periodo avan7.ado deja de 
ex i:-;ti r esa viveza capilar. Exi ste una excitacion selllejante de la l'es-
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puesta endotelii:\l en las lesiones incipientes y de avance lento pro­
ducidas porIa inoculaci6n, mi entras que no se observa activaci6n 
endotelial del granuloma en el perlodo necr6tico tandio. Aparte de la 
alterada respuesta capilar, no exi ste modificaci6n de la funci6n fagoci­
tic a del aparato retlculoendotelial segun revel a ]a prueba de la tinta 
china ejecutada a los 20 y 70 dias de ]a inoculaci6n. 
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