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ABSTRACT: Significant binding of chloroquine occuns the liver, kidney and spleen hence this studys wlesigned to
determine the effects of administration of chlorioguon the morphology and stereology of the likéney and spleen. Ten rats
were exposed to chloroquine once a day for thrgs.dehe treated rats received the 0.125ml/100g besight of chloroquine
phosphate injection intraperitoneally. Control naseived the same amount of normal saline intimperally. The histology of
the chloroquine-treated kidney, liver and spleers \also0 compared with controls. It was observed dmdvroquine caused
malformation in these tissues. Histologically, thecrographs of control and treated rats, liver,nkig and spleen were
compared. Investigations confirmed defects in nscopic structures, e.g. for the kidney there were ffenal corpuscles in the
treated rats compared with controls. For the Ithere were few blood vessels in the treated ratgpaoed with controls. For the
spleen there were few white pulps in the treated campared with controls with controls. Stereatadly, the parameters
measured for kidney, liver and spleen was also emetbwith controls. The estimated absolute volumeW (structure) x v
(ref) of the blood vessels, renal corpuscles andtewpulps of the fractions were determined and caneg. For the liver
chloroquine caused a reduction in #iesolute volume of the blood vessels when compaittdcontrols. For the kidney, it also
caused a reduction in the absolute volume of thieevgtulps when compared with control rats.
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Introduction

Approximately 50-70% of chloroquine in plasisabound to plasma proteins. The tissues exhinitiqularly
high binding to chloroquine especially those camiteg melanin, for example the retina. Significaimiding also
occurs in the liver, kidney and spleen. ChloroguiResochin,Avloclor, Nivaqiune, Arelen) &1,¢CIN; 7- Chloro -
4- (4'- diethlyamino-1'-methylaminoO quinoline. @mbquine is a white powder with a bitter taste,pared by
chemical synthesis. It is available as sulphate@rasphate salts. The sulphate (1 in 3) and thegitate (1 in 4)
are soluble in water. Chloroquine is best knowraasantimalarial agent but it is also used in tleatment of
rheumatoid arthritis. Chloroquine is effective aggithe erythrocytic stages of all four plasmodispecies which
cause human malaria with the exception of mat&tedmodium fal ciparum gametocytes.
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The exact mechanisms of action of chloroqugainst malaria parasites are not fully underst®adasitized
red cells accumulate approximately 100-600 timesmash chloroquine. The concentration of chloroquine
malaria parasite requires energy and is thoughtdaire a membrane. There are three theories owdljestate as
that chloroquine, being a basic compound, is pthin the lysosomes thus raising lysosomal plis &tiect may
raise the intralysosomal pH above a critical lealbring about loss lysosomal function. This wouédluce the
parasite’s digestion of heamoglobin, and thus preite growth.

Chloroquine intercalates into double stranD&Bh and inhibits both DNA and RNA synthesis. Theeircalation
theory suggests that chloroquine may be bound iwitteased affinity by certain parts of the genome lae toxic to
the malaria parasite by selective accumulatiorpatsic genes, inhibiting their expression. Theifgotorphyrin 1X
(FP) which inhibits sequestration of FP into malapigment. This could impair heamoglobin degrada@md
permits damage to the food vacuole sufficient sxldarge its pH gradient, .antimalaria activity asgessed equally
by the enantiomers of chloroquine and the main botite desethlychloroquine is also active agaimébroquine-
sensitive Plasmodia.

Chloroquine also has anti- inflammatory atyivThe concentrations of chloroquine or hydrocbtpine found
in serum in the treatment of rheumatoid diseassertiie pH of acid vesicles in mammalian cell witBib min in
vitro. This and the observation that the view gtdbroquine and hydoxychloroquine act in the rhetierdisease by
raising the pH of acid vesicles. Effects of raisedicle pH include inhibition lysosomal proteolysisterference
with the targeting of acid proteases and inhibitadrcellular maturation .raise pH in the macrophagsicle can
interfere with antigen processing. This is thoughbe the explanation for the impaired antibodypoese to pre-
exposure to human diploid cell rabies vaccine foimdndividual receiving concurrent chemoprophyawgh
chloroquine. In addition, chloroquine inhibits tlebemotactic response of mononuclear cells and sapps
lymphocytes transformation. It is therefore veryportant to study the effects of chloroquine on liier, kidney
and spleen.

Materials and M ethods

Twenty female Sprague-Dawley rats were ctddcfrom the animal house of the College of Medicin
University of Lagos Akoka, Lagos State. They weigjhetween 100-150g and were fed with normal raddeom
Pfizer PLC lkeja Lagos. The weights of the animaisre taken twice daily throughout the duration bé t
experiment. Ten female rats were be used as cenffbk remaining ten female rats were labelleddyypeincture
as treated rats and kept in cages. Administratfairiag was 0.125ml of chloroquine/100g body weifgint3 days
intraperitoneally. Chloroquine phosphate injectimas obtained from the Community Pharmacy of theoksag
University Teaching Hospital (40mg/ml chloroquinteopphate injection). The control received the sgoantity of
normal saline.

Animal Sacrifice

At the expiration of the treatment period, tmemals were sacrificed by diethyl ether decaioitatind the liver,
kidney, and spleen were removed for morphologindl lEistological assessment.

Histological Analysis

The twenty male rats were sacrificed afteatment with the chloroquine phosphate injectidre.liver, kidney
and spleen were removed and fixed in Bouin’s fllEédch specimen of equal length was cut transversety
longitudinally into serial cross sections of 3umrmal thickness with Reichert Jung Supercut Mictnogofor
control and treated rats. The tissues were sectiosang tissues preparation method with heamatoxatid eosin
stains and examined the light binocular microscape magnification of 100 and 400 respectively.
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Stereological Analysis

The vertical sections of the histochemica&garation of stratum length of 0.5cm from 10 cdrdwed 10 treated
rats liver, kidney, and spleen were made at a finialt magnification of 100 and 400 respectiveliueFslides were
obtained from the control and 5 slides from thated rats.

For each of the fractions, the N&&xumber of blood vessels, renal corpuscles, peranad of the fractions were
estimated by point counting method using the faibidrule (Hans Gundersen, 1977) which states thastaucture
that touches the forbidden line must not be countee reference volume V(ref) of blood vesselsat@orpuscles
and white pulps were estimated by point countingefWl, 1979, Gundersashal, 1988).

At Magnification (M) = 100 final magnificatiousing aSquare Grid of test point diameter (d) =1.2cm apart. The
test system used in the light microscopic analygihin a square frame measuring 20cm x 20cm ontéahvh
microscopic image was projected using a wild leiizroscope equipped with a mirror at a magnificatad 25 on a
white screen.

Estimated V/(ref) = (stratum length) % X mean N/A (structure).
M

d= diameter of test grid
M=magnification of projection

The relevant volume density of blood vessmleal corpuscles, and white pulps of the fractioi (structure)
were estimated on the same section at a final rfiegtion of 100. Each field was projected onto st tgystem
consisting of three sets of points with numerioahglties in the ratio 1:4:16. The correspondingatise between
the test points of each set were 4.8, 2.4 and lr2spectively.

The criteria for test point design and alltmatwere based on efficiency considerations; thys@imately the
same number of test points (which does not neeekteed 200) should be in each structure within eagan
(Gundersen and Jensen, 1987; Gundessah., 1988; Cruz Orive and Wiebel; 1990). The reqlivelume density
of the fractions were estimated as follows:

Estimated Vv(structure) = Nvg x N/A( structure)
Vv = volume density Nvg = humerical density ratio

Finally, the absolute volume of blood vessasal corpuscles and white pulps within each orgas estimated
using the following equation:

V(structure) =Vv (structure) x V (ref)
V(structure) = absolute volumes of structure
Vv(ref) = Reference volume of structure

Statistical Analysis

Statistical analysis was carried out usingdgnt t- test.

Resultsand Discussion
Histomor phometric Effects

Chloroquine caused defects in the microscepiacture of the liver kidney and spleen of theagpe-Dawley
rats. Renal corpuscles were few and deformed watlt@able patches in the kidney when compared eotttrols.
Blood vessels in the treated rats compared withrotsnwere few in the liver when compared with cofst (Table
1). They were few white pulps in the treated ratkeen compared with controls. Stereologically, hdividual
estimated absolute volume of fractions were deteechiand compared. For the liver there was a remtuéti the
absolute volume of the blood vessels when compaittdcontrols. For the kidney, Chloroquine causeéduction
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in the absolute volume of the renal corpuscles wbempared with controls. Lastly for the spleen obdmine
caused a reduction in the absolute volume of thieevdulps when compared with controls.

Table 1: Estimated absolute volumes (cm®) of blood vessels renal corpuscle and white pulps of chloroquine
treated and control rats

TISSUE Control Rats (n=10) Chloroquine TreatedsRat10)
Liver (blood vessels) 4.76 xtR0.19 1.93 x10-3+0.95
Kidney (renal corpuscles) 4.20x3€0.02 4.15x10-3+0.18
Spleen (white pulps) 5.65 x£@0.48" 4.0x10-3+0.10

Figures represent the meantS.E.M
Values that have difference superscripts in theesaow are significantly different (p<0.05).

Table 2: Mean number of blood vessels per unit area (N/A)

GROUP (n=20) MEAN (N/A)
CONTROL (CO) 3.0
TREATED(CQ) 1.0

CO =CONTROL
CQ =CHLOROQUINE TREATED RATS

Histology

This study focused on the microscopic strieguof the liver, kidney and spleen of animals aéatvith
chloroquine once a day for three days. The invastig confirmed defects in microscopic structuréer the
kidney, there were few renal corpuscles with neatide patches in the treated rats compared withralsntfor the
liver there were few blood vessels in the treattd compared with controls. For the spleen thene iev white
pulps in the treated rats compared with controdgr{€iaet al., 1981).

Table 3: Mean number of renal corpuscles per unit area (N/A)

GROUP (n=20) MEAN (N/A)
CONTROL(CO) 2.0
TREATED(CQ) 1.8

CO =CONTROL
CQ =CHLOROQUINE TREATED RATS
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Table 4: Mean number of white pulps per unit area (N/A)

GROUP (n=20) MEAN N/A
CONTROL (CO) 1.5
TREATED (CQ) 2.0

CO =CONTROL
CQ =CHLOROQUINE TREATED RATS

Stereology

This study focused on the morphometric itigesions. Absolute volumes of the liver, kidneydaspleen.
Special components were stereologically estimafedt &reatment with chloroquine. The investigaticonfirmed
that chloroquine has deleterious effects on thentijadéive analysis of these important tissues of thody
(Ausburger & Arnold 1991). There was a reductionhia absolute volume of the blood vessels presetitd liver
after treatment with chloroquine compared with colst There was also a reduction in the absolaterwe of the
renal corpuscles after chloroquine treatment coetparith controls. There was a reduction in the hlteosolume
of white pulps after chloroquine treatment companétth controls, thereby confirming the report ofu€fOrive et
al. (1993).

Conclusion

In summary the present study has demonsttatgcthloroquine, though an antimalaria drug wtaken in the
right dosage, has deleterious effects on some wvitgans in the body. It also has deleterious effent the
microscopic structures of the liver, kidney andespl and on the morphometric /quantitative analysite liver,
kidney and spleen vital components.
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