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Summary 

Human tissue sections f rom cerebra l and cere-
bellar cort ices, the liver, the s tomach pylorus, 
the kidney and the placenta , were examined for 
the presence of C3b receptors . This was carr ied 
out in o rder to de te rmine whe the r these recep-
tors play any role in the pathological effects of 
malarial infections on these tissues. The sheep 
erythrocyte/rabbi t an t ibody/complement sys-
tem was used. C3b receptors were only de-
tected in the kidney glomerul i , but not in the 
o ther tissues. It is suggested that dur ing mala-
rial infect ions complemen t may be indirectly 
involved in the pa thogenes is of tissue damage in 
the o rgans examined by triggering the activa-
tion and par t ic ipat ion of o ther body systems. 

Resume 

Les coupes des tissus humains d«Sriv£es des 
cort ices ce rebraux et c<5r6belleux, du foie . du 
pylore de I 'cs tomac, du rein et de la placenta 
sont e t u d i l c s pour la p resence des recepteurs 
de C 3 b . C e t t e e t u d e etait faite pour de te rminer 
si ces r e cep t eu r s jouent un role pathologique 
sur ces tissus au cours du paludismc. Le systeme 
d ' e ry th rocy te du mouton/Pant icorps du lapin/le 
c o m p l e m e n t est utilise. Les recepteurs de C3b 
sont decouver t s seu lement dans les glomtfrules 
du rein mais pas dans les au t res tissus. O n 
suggere q u ' a u cours du paludisme, Ie comple-
ment est peut -e t re impltque indirectcment dans 
le pa thogenese des dega t s de tissu dans les 
o rgans e tudies . Cela est possible en provoquant 
Pactivation et la par t ic ipat ion des aut res sys-
t emes du corps. 

Introduction 

Receptors for activated third component of 
complement . C3b, which a rc present in some 
human tissues, like the kidneys, the spleen and 
the skin |1—J) are believed to play a significant 
role in the deposition of complement-con-
taining immune complexes in such diseases 
as nephritis and polyradiculoneuritis. Com-
plement thus plays more than an inf lamma-
tory role, as it also enhances the deposi t ion 
of immune complexes , the degradat ion of 
which initiates tissue damage . 

The nerve fascicles of per ipheral nerve 
tissues have C3b receptors with a lower bind-
ing activity than those found in the spleen 
and kidney tissues [4]. Glomerular localization 
of C3b-coated sheep erythrocytes in tissue 
sections also required far more crythrocyte-
bound C3b than does splenic germinal centre 
localization [5]. In view of these findings 
and the apparent preferential deposi t ion of 
immune complexes in the kidneys, the pres-
ence and comparat ive distribution of C3b 
receptors in the human brain, liver, s tomach 
pylorus and placenta were investigated in this 
study. 

These organs arc favoured sites for the 
sequestrat ion of erythrocytes parasit ized by 
mature forms of Plasmodium falciparum and 
severe infections arc of ten associated with 
haemorrhage and vascular lesions in the>c 
organs and the kidneys (6-10]. Similar observa-
tions have been made in Ao tus monkeys experi-
mentally infected with P. falciparum (11,12). 
Complement may be involved both in the 
mechanism of sequestrat ion and the pathogen-
esis of the lesions in all these organs . D o 
C3b receptors have any role to play? 
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Materials and methods 

Autopsy specimens f rom automobi le accident 
victims were ob ta ined within 24 h of death f rom 
the Adeoyo State Hospital , Ibadan . All autopsy 
tissues investigated, including the kidney, were 
ob ta ined f rom each of the accident victims 
s tudied . Similarly, tissues were also obta ined 
within 24 h of death f rom the Depar tmen t of 
Pathology. University College Hospi ta l . Iba-
dan . Tissues were taken from pat ients who died 
of diseases that did not affect the organs under 
investigation. Normally delivered placentae 
were obta ined at delivery f rom the Labour 
Ward of the University College Hospi ta l . Iba-
dan . Cryostat sections (6 jim thick) were cut 
f rom tissues f rozen in liquid ni trogen. Specimen 
samples of cryostat sections fixed and stained 
with haematoxyl in and eosin were examined to 
ascertain that they were histologically sound 
and to preclude the presence of erythrocytes . 

A m b o c e p t o r (A) was raised locally by im-
munizing rabbits with a 20% suspension of 
sheep erythrocytes (E) in saline. Sera were 
collected 14 days f rom the first day of immun-
izat ion, to provide early ant ibody. T rea tmen t 
of sera with 5 % 2-mercap toe thanol , conf i rmed 
that the ant ibody was mostly of the IgM class. 
Guinea-p ig serum was the source of com-
p lement . 

O n e per cent suspensions of (i) sensitized 
sheep erythrocytes ( E A ) and (ii) complement -
coated sensitized sheep ery throcytes ( E A C ) . 
were p repa red in gelatin veronal buf fe r ( G V B ) 
according to the method described previously 
[ 13J. The E A C prepara t ion was used as the 
indicator cell sys tem. Tissue sections were 
washed for 5 min in PBS, p H 7.2, be fo re being 
used in haemadsorp t ion exper iments . 

While tissue sections f rom the bra in , the 
liver, the s tomach pylorus and the placenta 
served as test tissues, the kidney sections were 
used as controls . For haemadsorp t ion , micro-
cul ture slides with a single concavity (10 mm 
d i a m e t e r ) were used. A thin layer of high 
vacuum silicon grease was spread a round the 
concavity be fo re filling it with thoroughly resus-
p e n d e d indicator cells, using a Pas teur p ipe t te . 
If s tored at —70°C or - 2 0 ° C , the tissue sections 
were allowed to warm to room t empera tu re 
(23°C ± 2°C), for 10 min be fo re use. T h e glass 
coverslip bear ing the tissue section was placed 
on the microcul ture slide, such that the tissue 
was submerged in the indicator cell system in 

the cen t re of the concavi ty . T h e coverslip was 
then pressed d o w n to a d h e r e tightly to the 
microcul ture sl ide, with the aid of the silicon 
grease . C a r e was taken in laying down the 
coversl ip . in o r d e r to avoid t r app ing of air 
bubbles which would i n t e r f e r e with reading of 
the slides. Th is sys tem f o r m e d a closed cham-
ber . T h e mic rocu l tu re sl ide was then inverted, 
with the covers l ip d o w n so that the EAC 
suspension thoroughly b a t h e d the tissue sec-
t ion. T h e p r e p a r a t i o n was placed in a moist 
c h a m b e r and left at r oom t e m p e r a t u r e for 30 
min. A f t e r incuba t ion , the sl ide was turned 
over so that the covers l ip was u p . T h e system 
was left in that pos i t ion for a n o t h e r 20 min to 
allow e ry th rocy tes on the glass and those 
loosely a d h e r i n g to t he t issue t o d e t a c h . Control 
p repa ra t ions w e r e m a d e similar ly, but 1% 
suspens ions of E A a n d E were subst i tuted for 
E A C . T h e p r e p a r a t i o n s w e r e e x a m i n e d under 
the ord inary light mic roscope at x 10 and x40 
magnif icat ions . T i s sue sec t ions with adsorbed 
e ry throcytes were t a k e n as posi t ive reactions. 

Results 

E A C strongly a d h e r e d t o the g lomerul i in the 
kidney sect ions (Fig. 1). Converse ly , E A C did 
not a d h e r e to tissue sec t ions of the cerebra l and 
cerebel lar cor t ices , the liver and the stomach 
pylorus (Fig. 2). T h e r e was do t t ing of E A C on 
the placenta l sec t ions (Fig. 3) . but there was no 
localized dense adso rp t ion of E A C as obtained 
for the k idney sect ions . 

E A and E also did not a d h e r e to the kidney. 
bra in , liver and gut tissue sect ions . While E did 
not a d h e r e to p lacenta l t issue sect ions . E A was 
found do t t ed in a similar pa t t e rn as E A C 
Figure 4 depic ts findings with E A and E as 
exempl i f ied with kidney sect ion. 

Discussion 

T h e presence of C 3 b recep tors in human renal 
glomeruli is thought to be significant in the 
deposi t ion of i m m u n e complexes hear ing com-
plement in immunological ly re la ted renal dis-
eases |2,5). C3b recep tors are present in the 
per iphera l nerve tissues, while C3b and C3d 
receptors can be found in the while and red 
pulps of the spleen |1 .3 ,4 | . Howeve r , differ-
ences have been observed m the binding 
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H r . 1. Adsorption of E A C (complement-bearing sheep erythrocytes sensitized with rabbit antibodies) to a renal 
glomerulus in an unstained section of human kidney (x34) . Site of EAC deposition arrowed. 

Fig. 2. EAC on an unstained section of cerebral cortex (x8) . No adhering sheep erythrocytes 
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Fig. 3. EAC on an unstained section of the placenta (x8 ) Note the dotting of sheep erythrocytes, but no dense 
adsorption as seen on the kidney scclion shown in Fig. 1. 

Fig. 4. EA on an unstained kidney section ( x 8 ) No sheep erythrocytes adhered to the glomerulus Similar 
results were obtained for other tissues. 
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activities of the C 3 b reccp tors present in these 
tissues (4,5) These observa t ions show that the 
binding activity ami p e r h a p s the distr ibution of 
("3b recep tors vary a n d appea r to decrease f rom 
the spleen to the kidney and to the per iphera l 
nerve tissues in that o rde r . 

I m m u n e complexes and complemen t have 
been implicated in the pa thogenes i s of most 
renal lesions associated with malarial infect ions 
114-16). T h e p resence of rena l C3b receptors 
fu r the r suppor t ed the role of C3b-coa ted im-
m u n e complexes in kidney d a m a g e dur ing 
malaria infections. Al though some observa t ions 
indicate that the act ivation of complemen t may 
be the cause of vascular d a m a g e in cerebra l 
malar ia , the exact role of complemen t in the 
initiation and p roduc t ion of cerebra l haemor -
rhage remains unc lear (17,18). T h e fai lure to 
d e m o n s t r a t e C 3 b recep tors in the brain tissues 
in the present s tudy , suggests that complemen t 
may not be directly involved in init iating cer-
ebral vascular d a m a g e by funct ioning in im-
mune complex depos i t ion and re ten t ion . Com-
plement action could , by its act ivat ion of o ther 
systems, like the coagulat ion and kinin systems, 
be causing the accumula t ion of phagocytic cells 
by chemotaxis . 

Similarly, the absence of C3b recep tors in the 
liver sect ions may indicate that the destruct ion 
of malar ia - in fec ted e ry th rocy tes by the liver 
phagocyt ic cells is not complemen t -med ia t ed . 
Vascular d a m a g e in the gut dur ing P. falci-
parum in fec t ions may also not be init iated 
by c o m p l e m e n t - b e a r i n g i m m u n e complexes , 
but by o t h e r mechan i sms . 

Appl ica t ion of E A C and E A suspens ions on 
placenta l t issue sec t ions p roduced identical 
results . It would a p p e a r that the localization of 
the few e ry th rocy tes on the sect ions were due to 
Fc pieces of the sensit izing ant ibody which was 
the c o m m o n fac to r in both p repara t ions . T h e 
rabbit an t i - sheep e ry throcyte an t i se rum used in 
this s tudy con t a ined mostly IgM ant ibodies and 
any IgG an t ibod ies present would be in very 
small a m o u n t s . A s only IgG an t ibodies cross 
the p lacenta via thei r Fc por t ions , it is conceiv-
able that the small a m o u n t of IgG an t ibodies 
present in the an t i se rum may account for the 
do t t ing pa t te rn of E A C and E A obse rved . 
Ery th rocy te seques t ra t ion and placental lesions 
in acu te P. falciparum malar ia a p p e a r not to be 
init iated by i m m u n e complexes coa ted with 
c o m p l e m e n t , because C 3 b recep to r s were not 
d e m o n s t r a b l e . 

A m o n g some of the organs known to have 
C3b receptors , the spleen would appea r to have 
receptors with the highest binding activity, 
fol lowed by the kidneys (4.5). T h e apparen t 
grea ter predilection for the kidneys in the 
deposi t ion of C3b-bear ing immune complexes 
may the re fo re be due to (1) its high vasculature , 
complex s t ructure and funct ions and (2) the 
comparat ively high binding activity of its 
C3b receptors . Except in renal lesions, 
the pathogenes is of P. falciparum-associnlcii 
tissue lesions is most probably not init iated 
by i m m u n e complexes bear ing act ivated com-
plement . C o m p l e m e n t , when act ivated, may 
part ic ipate in causing necrosis by activating 
o the r systems. It may also st imulate the recruit-
ment of destruct ive lysosomal cells, which it 
induces to migrate to the site of complement 
activation. 

Acknowledgment 

T h e assistance of Dr M. A. Aboder in . the 
Ibadan police surgeon and the staff of the 
depar tment of Pathology, University College 
Hospital is gratefully acknowledged. 

References 

1. Shcvach EM, Jaffe ES, Green 1. Rcccptors for 
complement and immunoglobulin on human and 
animal lymphoid colls. Transplant Rev 1973: 
16:3-28. 

2. Matre R, Tonder O. Complement rcccptors 
in human renal glomeruli. Scand J Immunol 
1976;5:437-41. 

3. Chnstensson B. Biberfeld P. Distribution of 
C3b and C3d receptors in normal human spleen 
tissue and nodular lymphomas. Scand J Im-
munol 1977:6:1185. 

4. Nyland II. Matre R, Tonder O Complement 
receptors in human peripheral nerve tissue. 
Acta Pathol Microbiol Immunol Scand 
1979:87:7-10. 

5. Gclfand MC. Frank MM, Green 1A. A reccptor 
for the third component of complement in 
the human ren;il glomerulus. J Exp Med 1975. 
142:1029-34. 

6. Edington GM. Gilles MM. Pathology in ihe 
Tropics. 2nd edn. London: English Language 
Book Society and Edward Arnold. 1969. 

7. Edington GM. Pathology of malaria in West 
Africa. Br Med J 1967;1:715-18. 

8. Osunkoya BO. Immunopathology of human 
malaria. Israel J Med Sci 1978;14:617-19. 



82 A. A. Okerengwo 

9. Bray RS, Siiulen RE. The sequestration of 
Plasmodium falciparum infcctcd erythrocytes in 
the placenta. Trans R Soc Trop Med Hyg 
1979;73:716-19 

10 Osunkoya BO. Williams AIO Microscopic 
observations on the human placenta in malaria 
infection Nip Med J 1980,10:45-53. 

11. Miller LI 1. Distribution ol mature trophozoites 
and schi/onis ol Plasmodium fahiparuni in the 
organs ol Aolus tnviryatus. the night monkey 
Am .1 Trop Med 19^9 18 x'<0-S 

12 Vollcr A. HawkcvCM. Rjchcrds WHO. Ridlcv 
P S Human m ilori.i (i'ta-nutdium falciparum) 
in owl monkeys {Aolus mur^nus). J Trop Med 
Hyg 19f-;:?2:153-60 

13. Okcrcngwo AA. Adeniyi A, Williams AIO, 
Osunkoya BO. Studies on the irnnumo 
pathology of ihe nephrotic syndrome associated 
with Plasmodium malariae: 1. Scrum levels of an 
immune adherence inhibitor Afr J Med Med Sci 
1980;9:43-7. 

14. Ward PA. Kibukamusokc JW. Evidence for 
soluble immune complexes in the pathogenesis 
of the glomerulonephritis of quartan malaria. 
Lancet l969;i:283-5. 

15. Ilouba V. Allison AC, Adeniyi A. Houba JE. 
Immunoglobulin classes and complement in 
biopsies of Nigerian children with the nephrotic 
syndrome. Clin Exp Immunol 1971;8:761-74 

16. Hartcnbowcr DL, Kantor GL. Rosen VJ. Renal 
failure due to acute glomerulonephritis during 
falciparum malaria: case report. Milit Med 
1972:137:74-6. 

17 W H O Technical Report Series. No 579. De-
velopments in Malaria Immunology. 1975:46 

18 Mackey U , Hochmann A, June CM. Contreras 
CE. Lambert PH. Irnmunopathoiogical aspects 
of Plasmodium berghei infection in five strains 
of mice. II. Immunopathology of cerebral and 
other tissue lesions during infection. Clin Exp 
Immunol 1980;42:412-20. 

(Accepted 16 June 1988) 


