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TISSUE REACTIONS TO SCHISTOSOMA MANSONI OVA. III -
MICRO-CIRCULA TION IN THE INTESTINE OF INFECTED MICE, 

AS STUDIED BY INJECTION OF CONTRAST MATERIAL 

KURT KLOETZEL 

SUMMARY 

Venous circulation in the bowel wall of white mice has been investigated with 
the aid of lndia lnk injection into the portal system, at variable intervals after infec
tion by S. mansoni. As a result of the deposition of schistosome ova and granuloma 
formation the normal architecture of the venous system is severely disorganized, 
leading to the establishment of a network of fine collateral vessels. These probably 
function as by-passes to the heavily infiltrated areas of the intestine. 

The Author believes that this phenomenon may be held responsible for the shift 
of granuloma formation from the submucosa to the subserosa, a process which 
takes place around the 80 th day after infection. 

INTRODUCTION 

Impressed by the variable course of egg 
elimination in humans infected by S. mansoni, 
in some species of monkeys as well as in mice 
( though Cheever-personal communication, 

could not observe this phenomenon in his 
group of animais), I have for some time, 
endeavoured to investigate the mechanisms 
of egg extrusion through the bowel wall, and 
been particularly atracted by the hypothesis 
attributing a specific role to the proteolytic 
enzyme contained within schistosome ova and 
released into surrounding tissues 1

, 2 • 

Part I of this series postulated that eggs are 
extruded into the lumen of the intestine as 
long as this enzyme and antigen is not neu
tralized by it's antibody. ln effect, the 
decrease in fecal egg counts was found to 
be simultaneous to an increased titer of the 
anti-enzyme antibody 3

• 

This view had to be modified by the time 
Part II of this study was reached. While 

it is true that passage of ova through the 
bowel wall represents an active phenomenon, 
only viable eggs ever succeeding in broaching 
this barrier, few ova accomplish this ventu
re at late stages of infection, simply because 
they are prevented from reaching the sub
mucosa or lamina propria '1 • 

The period around the 80th to the 90th 
day is a critica! one for schistosome infecti
on in the white mouse. Forstly the rate of 
formation of granulomata is markedly in
creased, effectively immobilizing ova within 
the submucosa and blocking their exit by 
a florid field of fibrosis, even though the pro
teolytic enzyme ( to which no teleological 
role can be attached from this stage on
wards) goes on destroying the reticulum for
med in the center of the granulomata. More
over, the bulk of egg lesions will now occupy 
the subserosal layers, fresh supplies of schis
tosome ova being diverted into the outer le-
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mnteriul. Reo. lt1st . ,lfrd. 1n111. s,1o 

veis of t lw wall. a n a cld itio1H1I ob8tad<> !O 
their evcr rctwhing Ih<' villi of the juLestioal 
muc.·os1. 

To exphi in tlwfc• <•V1·n ls I havc .. potiluk1ll'd • 
that ai th i~ shlf.(' of i11fn liou the \'enous ri r• 
cufot ion ruus throui h ahnormal ro utcs, cf
Ücient1y by-pil$."i11g Lho:-:e arcas more hl'~wily 
infihrúk d l,v 0,1a a nd a:rnnulomatu. tl111I 
sweeping fr~sh schisto~on;e t•gg::; 1111<.l lhe 
ouh.· r ln)'t'I'-:-:. of lhf• wall. 

Th is i~ tlw hypollw.:is under l'>:nminat ion 
in t hi:s íinul pApl'1'. 

MATEHíA L AND M8THOD$ 

This stm.lv involvcd ltJ. wh i1f' mice i:-ncl'ifi
ce<l a ~ va;iahle :interva1s ( 'l.2'111 to 107th 

day) n[t('l' light in íeclion hy S. 11umsoni. 
Aí1<~1· an.u•sllwsia ,, ilh <-lhc-r tlw a nimal::

"'l'.l'C OJ><"nNl and hled ftom Lh ü hea rt. The 
j,;pll·t·u wa~ gra:sped hd,f<"<"n two p ieces o í 
J,lo11 ing paper, anel ü1jcclí•d 1hrough jt~s low
ct pofo with u ncliJuttd Tnc1ia l nk~ using n 
common intraclennal Jlcedle. Jnjcc:Lion was 
s topped wh<·11 tht finc-r vc•ssels in llw h0\\1t•I 
wall appe,1red lo bt· <Jutlined by lhe contrast 
m;.ltNial. 1Thi~ lt·l·hniq u<-- was nol unHon'nly 
sucre~sful; beller :ülJ ing of the mescntcric sys, 
lrm can he n•'l..'«11npli:.:lw<l hy c··hunpin!! l_ht· 
liv<~r pt:-dil' I<"'). 

Tlw vis:een:, Wt·iv 1.lwn re move-d in hlot·k~ 
noíl k ft for one hour lll 4,% íormol. Short 
l(•nglhs or intc.·slinl' W("l'tô l'f'move-d nÍh: r lhis 
inlNval. eut u1oug 1lw inserlion o{ t hc nw
S<'lH<--ry, spre:td on 1op of glass s-lid<-s anel left 
I<) clry for :t fcw minuLes. Aflcr a (l<litiona l 
fla h'ning. u s.c<·Or)cl :.:lic-Ir w.is plactd on Lop ol 
lhe lis:-:uc, lhe monot being firmlr hcl<l toge• 
ther hy r uhl,cr h anils a nel again placc::cl 
i o fo rm()I ~.,lut ion. 

A Íh-r a r ... ,~ clay:.:. 1 lw I issut:-8 Wt'l'l' 1wot·c•::
:-:rtl hy ordinal')' h i~lolop;it proc<~dun·~. ::;1ai
nin~ hcing omi1h'd. Normal sec.:tion::; oí livN 
a od inlesline. :::,h)i1wd or tmsltdned . wc~1·<' l ike
wi~e :-:ludit"d. 

R 1,;SV L 1'::i 

í\10 <ll'lnih .. ·d ~mnlornil·ttl s lud ies be in~ ca r
rit>d out. ntverlhdc~ss I ht"lit:'vc Lhal gross exa
mination of thcsc• pn·paralions has lwt"n rf' 
warding . 
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The . illu~l rnlion:s urt• ~..,l í-c.·x phuwlo ry. Al 
lhe carliesl s lages o [ egg clc[}()Silion thc 1lor
mal Vt'nous palhway:s a re ut ilizt·c-l. ova l nw-.·
ling along the suh1mu:c>$O, tlu.;n inlO lhe.' mu
cosa a nd villi. Sub mucosal "dns arl' l't?'<:tili
nea r anel (ili e-v(·n1y wilh l'Olllnll'l. Vc.·no u::; 
a rc hilccture is well pre~rrn:cl, an<l I illing of 
villi Jikewise ~\ppears 10 proc<·cd notmolly 
( Fi~rs. l and :{). 

\\ih eth cr owü1g to egg iO'.l(H\rrtio,l, en
dophlehitis or c:omp res~ion of Vt·irnk-s hy 
granulomala. this. s ihml ion h; SOOH dh,tu rhed~ 
lhe inj et:lion technique not )'('\'Ntlin g ;lS u ni
íorm íill iug of \'illi. ~ul11uu1~osol \'c~in$ likewisc 
íill ing only up to a (·trw in di~tfl1\<"<.' fl'om 1he 
kcclinl<( V<~s::;cl:.:~ lhl' conlras l thcn s topping 
s\l(ld«·nly. (\Voulil a lho1'0llf'h metabolic inves
tiga1 ion at 1his sLage of infoclion rc\·eal mal• 
ab:.:orp lion in a nimais wiLh a hca vy worm 
hnrcl<~n '? > ( fi~. .f1 . 

F'lg. l - -12 dn:,.'$ nfler infection. Lurge sub
nl\lCOSnl \'tmulc, a nel J).t r tiul fill ing oi vitl i. 
ContJ•usl slOps n t sd\i~lOSOme ~jUt wilbln vCS· 
sei. At no J)Ojnt ol Lhis SC<'tlón w;.1s contt·ast 
visible in lhe out◊r luyers ot the l)owcl wall. 

(H. E., J60 X, 20 p) 
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Fig. 2 - 107 (f;:i.ys :'lft cr lnfe<""llón. ThOugh no ovn or a rnnu1om,1t,1 a r<• prt$<'nt, ln 
l h is Jla rtlf'U lllr )'l('('LI01l. lntestlnc h c1wily in fil l rnted. Patchy fl ll ing or sulHUUt"C)i;;.11 
vt-s;-ic-ls. bul 1-<Jn1r11s1 (>rc:.c-nL ln til(' houndary bclwecn m usc:lc ln;rcn>. l)oth networks 

aJ)J)('artnx to he 1...,nn('("t('(I nt on(' r•olnt. e 11. E •. SO X. ~ µ > 
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l~ig, 3 - 42 da:,,s. E;gg1,1 s llll c·onflncd within submuc•c)~n l nsi.cli.. No1e onlcrly 
{U'l'h il,t'l'lUrC, J!OOll CUllng , n nd t.he nbi;cnc(' º' uny rt'(.'ôgnl;.mble cOll.tlc rn l 

\ 1enu lc or t aplllary ( Whole moun l. 2:S X > 



KI .. UETZEI ... K. Tissoe ,·e;:içtJoos t.o ~dlilf/()l«JI/HI til(UIR(Hli O\'ll. Ili ~(ierO•t'lrculation in thc in-
wsllm.• or tnrcc•l cd m i1·c, as !'ltudlccl IJy lnJ('c.•tlon <1f ,·onLrut. mall•ria l . Rn-. 111.«t. ,lfrtf. tr<Jf}. S1l<) 
P<tllltJ 13:51 ·56. l971. 

( 
• 

::JJ. 
F t,K. •1 - SO days. Ova im1>nrctcd ln submuNl..o;ai 
\•eln~ No Iilllng of '\'1111 tributury to lhe-se 

v<'81¾'h1. No collatl.'rals to bc secn (Whole 
mount., 25 X) 

At a ~l ill l:Hrr :-la~•· nalnrt• t ,·i•~~ lo OH•r

t.·omr the ohslades. a m·t"o rk of ,·••ry fiu,· 
,·,·~~f'ls. lwc·omi ng ou1l int>cl lty lndin lnk. Th1~
se capilla .. its <lo ooL ((>ad dire<.:tly lo villi, 
anel app4:a r lo ruu 1hrough lhe outer layl'TS of 
the hO\\ d "~,n. Tlw :O:uhmu(·C)!-lal ,·enule~ fil l 
in a patl'hr Íá!Shio,, . 11111 Íilling of dUi i~ 
again normal : l'H~rything lt•ad~ 10 Ih<' \'iew 
thal tht•l!t' sl1ort :-lrl'ldw.il- of paknl ~ul,muto:-,tl 
w11 ules are- inl(>rconnc•cted~ aod drn in into, 
1lw 11C'tw01·k of l'ollatnul <·ir(·ulation (Figs. 2. 
5. 6 and 71. 

0 ( S C t 1 S S J O N 

Ob$:lruc-tNI an·a~ of llH' ink~lintd "·nll hC'ing 
hy•p<l$:~C-cl hy a !-)'$lem of hitlw,·lo inappar~nl 
pallrn1ayj,l. anel these coursing mainly along 
thl' houndar\' hf'IWe<'n Ih<' Lwo mu!:-<·k· layns 
or in tfw ~;,lnnw.:o~a. as ~<'ems. ,·err likd y • 
ova 1r1h ·1·li 11g 1·0111\h' r-n1rren1 to the liloo•I 
flow in 1lu .. • porta l :õlY:ill<'m wi11 invariahl y 
htt\'(' to t·ou r:-:c· lhrouJ:th tlll' outt-1· \\1:1.II oí tlw 
l)()\\el. th('l't.' lwing n·lnintd wi1hin lhf' fincr 
w-sSf'ls. Lhis ,dll finally leud to a marked 
thitkf'ning o[ tht· :-;.uh:-.c·ro:-;al lny•·N.. S:-fWfially 
in lhe vi<:i1llty of tiw pníorolinJ! mc•~l•1Hl'l'ic 
\l'ntilrs (Ser Fig. 1, in Pa ri li of thi:,:. ~•ril•:-, .. 1). 

On lhe ::-ole ha-..!-.. of lht'8(' Ít'\\ t11ul rough 
oh~f"n·ation!- it ,\ould l•c- ra~h lo ,·e11tun• n 

1,.lg. 5 - Hn da.)'S nrter inteetlon. A numl)er C>f s. m,,,...,~1•,i º''à tn área (IO\•Olíl 
o r lürger vca,,H!IS, but. permeatect 11.Y a fi ne ncLwork o( eaplJlarles, w h1eh <to nc,1 
Ul)l)CA'r t.u ICAd to vlll1. Arens 1>ertphcrn 1 lO lhe (lj!:Ul'C show J)fil' l h.11 flll1n" o r 
villi. d lsorganlzed stru<'lure or the vcnulcs whlch do not fill wlth contrast throu2h• 

out their length (Whole mount, 25 X) 
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P ig. 6 - 107 days. Enlargeél nrea (rom sarne slide. A tine networ,k ot venous 
ctuumels Is seen eonnectlng short ~trctches o{ larger ve .. 1se1s. prol)ab ly ,mt1mucosa 1. 

Vi lll not ln fO<·US (Whote moun t , 63 X) 

F ig. 7 - 107 days. GQOd .CUltng ()( v illi b ut structure ot targcr veins entirely 
di.sorganized, ~howll\g patchy lill ing. A numbei· or fine, vertical ehannels can 

l)c seen on cJOser lnspeN lon C'VhoJe mount, 63 X) 
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KLOETZEL, K. - Tissue reactions to Sehistosoma mansoni ova. III - Micro-circulation in the in
testine Of infected mice, as studied by injection Of contrast material. Rev. Inst. Med. trop. São 
Paulo 13:51-56, 1971. 

guess whether one is facing a process of neo
formation of venous pathways ( such as the 
angiomatoid lesions described in the li ver), or 
whether. the described phenomena simply re
presents an unusual patency of pre-existing ve
nous capillaries, normally of very fine cali
ber and inapparent at earlyer stages of infec
tion. 

RESUMO 

Reações do tecido aos avos de Schistosoma 
mansoni. - III Micro-circulação no intestino 
de camundongos infetados, estudada através 

da injeção de contraste 

A circulação venosa da parede intestinal de 
camundongos brancos, a intervalos variados 
após infecção por S. mansoni, foi investigada 
por intermédio da injeção do sistema porta 
com tinta Nankim, Constatou-se severa de
sorganização da arquitetura venosa, conse
qüente à deposição de ovos e formação de 
granulomas. Notou-se formação de uma rêde 
colateral de finos vasos, possivelmente fun
cionando como sistema "By-pass" às áreas 
mais densamente infiltradas do intestino. 
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Acreditamos que semelhante fenômeno pode 
ser responsabilizado pelo desvio de ovos da 
submucosa para a subserosa, processo que 
tem lugar em tôrno do 809 dia após. a infec
ção. 

REFERENCES 

1. KLOETZEL, !K. - A collagenase-like en
zyme diffusing from eggs of Sehistosoma 
ma.nsoni. Trans. Roy. Soe. Trop. Med. & 
Hyg. 61:608-609, 1967. 

2. KLOETZEL, K. - A collagenase-like subs
tance produced by eggs of Sehistosoma man
soni. J. Parasit. 54:177-178, 1968. 

3. KLOETZEL, K - Tissue reactions to Sehis
tosoma mansoni eggs. I - Serological and 
histological reactions at various intervals 
after infection. Trans. Roy. Soe. Trop. Med. 
& Hyg. 63:459-469, 1969. 

4. KLOETZEL, K. - Tissue reactions to Sehis
tosoma mansoni eggs. II - Distribution of 
eggs in faeces and at different levels of 
the intestinal wall, at variable intervals after 
infection. Trans. Roy. Soe. Trop. Med. & Hyg. 
64:116-121, 1970. 

Recebido para publicação em 15/6/1970. 




