Sci. J. Fac. Monoufia Univ. vol. IV (1990). 1 - 16

TOXICOLOGICAL PROFILE OF THE INTERACTION
OF INDOMETHACIN WITH HEPATIC
SCHISTOSOMIASIS MANSONI

Al-Sharkawi, I. M.

Zoology Department, Faculty of science, Tanta University

ABSTRACT

The roxicity of the antiinflammatory drug indomethacin in
normal healthy , S. mansoni infected mice as well as mice
cured the initial infection was assessed. The dara showed
augmented toxicity in both groups of bilharzial infected animals
relative to the normal uninfected controls with steep dose-
mortality curve for the bilharzial infected group.

Further exploration of hepatotoxicity potentiation in
bilharzial infected and bilharzial cured mice, indomethacin was

daily administered ar three dose regimens; I x50 mg / kg (single
dose ), S mg/ kg /dayx I5and 05 mg (kg !/ dayx 5. Serum y
-giutamyl rranspeptidase (GGTP )} and ornithine carbamoyl
rransferase (OCT) as well as granuloma measurements were
considered as criteria for the assessment of the extent of hepatic
damage.

Indomerhacin caused elevation of serum acrivities of both
enzymes in.bilharzial infected mice at all dose regimens with less
but still pronounced ejfect in bitharzial cured animals with no
change in the enzyme activities ar the lowest dose (0.5 mg ! kg ).
Granuloma measuremenis showed augmentartion in the size of
the lesions only in infected animals at doses of 5 mg I kg. While
such effecr was nor recorded in cured mice. The role of
indomethacin in the development of bilharzial heparic lesions-was

discussed.

INTRODUCTION

Indomethacin is a nonsteroid antiinflammatory drug. It was introduced in the _
early 1960s for the geatment of rheumnatoid arthritis and related disorders including
gouthy arthritis, ankyloéing spondylitis and degenerative joint disease (Kaarela et
al.,1989) . It is also effective in exwma-articular inflammarory condirions such ‘as
pericarditis and pleurisy ( Katzung, 1982 and Rao and Rao., 1982 ). Besides, it
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has.a pronunced antipyretic and analgesic effect (Kaarclagial,, 1989). ). Recently,

a—ttémpts were mzde to investigate the wse of indomethacin, alone { Furuta &t
;1988 Yor combined with sulfhvdry! compounds (Kozobik et i, 1990

phmmﬂﬁ]ogtcal mean in rediotherapy of umours based on its supressive effect on

prostaglandins vin cyclooxygenase inhibitdon.

Virtually, ¥ 'ncaus zrazhidonic acid membolites are known o moguliate the

tions and diciate the ;:»;'"c:r«::ssion of both acutz and Chroaic

LS LE

inflamnrmatory reastions. (Runkel et al., 1984 ). Current trends explered the
conkibuticn of arachidonic acid meaboliz pafzhways io the formation of chronic

hypersensirivity granulomas and evaluated the differential inhibitory effscts of the

andinflammarory drugs on srachidonic acid metabolisin via the cyclooxygenas
and hpoxygenasc pathways and their role in the modulation of the murine
pulmonary granuloma formation { Kunkel gt al., 1984 and Remick &t al., 1988 3.
1In fact, it is well- established that heparic involvements caused by Schistosama
mansgai 1s due 10 the host iramune reaction to ova deposited by the parasite and
carried by the blood to the liver where egg antigens released by the continuously
disseminaied parasiie ova evoke a T iymphocyte-mediated granulomaions response
ip'the fissues of infected mice {Warren 21 3l ., 1967 ). Moreover, arachidonic acid
derivatives have been also reporied 10 occur at the inflammarory foci (Kunkel et
al.,1984 ).

Though indomethacin, however, is considered as one of the most
antiizfammatory drug available now, it is more toxic than any other related
antinflammatory agents { Katzong, 1982 ). Iis toxicity has been proven in humans
(Johnson and Mcfaviane, 1989 ) and experimental animals (Van Eeken et
al,J@'?ﬁ) But uptill now no tials h:we been encountered 10 evaluate the roxicity of

the drug on S mansoni infecied msvets

For mis reason a series of investigations were intendegd to be performed to
explore the interaction of indomethacin with murine schistosomaiasis mansoni.
Hence the aim of the present paper is initially to provide a background insight.on
its toxicity 1w S. mansoni infected mice before and after curation from infection.
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MATERIALS AND METHODS

Biological drugs:

1 - Indomethacin, [1 - (4 - chlorobenzyl ) - 5 - methoxy - 2 - methylindol -
3 -yl ] acetic acid with emperical formula C; 4 H | CINO4 was used in the present
study. The drug was dissolved in isotonic phosphaie buffer ( pH 74) and

administered intraperitoneally at three dose regimens; I x 50 mg / kg, 15 x Smg/
kg and 15 x 0.5 mg / kg as presented later.

2-Praziquantel; 2 - cyclohexylcarbonyl - 1, 2,3, 6, 7, 11, b -hexahydro-
4 H - pyrazino - ( 2, 1-a ) isoquinoline -4 - one with emperical formula C 19 H oy
N ,0, is a schistosomicidal drug currently used by the national campaign in mass

treatment of both types of schistosomiasis in Egypt.  The drug was suspended in a
mixture of glycerol and water and was administered as one oral dose of 685 mg /

kg by gastric intubation.
Experimental animal and bilharzial infection

All studies were performed with albino mice weighing between 20 and 25 g
at the begining of the experiments. The animals were fed on a standard food ad

libitum with free access to water.

The experimental mice were exposed individually by tail immersion to single
doses of 70 cercariae of S. mansoni shed by laboratory infected Biomphalaria
alexandrina. The echniques used for the maintenance of the life cycle of this

parasite in the laboratory and for collection of cercariae were as those described by

Christensen et al ., ( 1984 ).

Experimental animal groups

In order to explore the toxicological profile of indomethacin in S. mansoni

infected and S. mansoni cured mice, three experiments were undertaken :

1 - Experiment I for evaluation of the intraperitoneal LDsg s in both
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normal and bilharzial as well as bilharzial cured mice. In this experiment, animals
of an infection duration.of § weeks were selected and divided into two groups; a
group treated with the antbilharzial praziquantel as one oral dose of 685 mg / kg
(i.e. cured group )and a group received no antibilharzial meatment (i. e .infected
group). Besides, a healthy uninfected guoup was run along with the two previous
groups. Each group was divided into 5 batches, each of 20 mice. The batches of
each group were exposed to increasingly intraperitoneal doses of indomethacin and
the number of anim;ﬂs died in each batch was recorded with the magnitude of the
concentration which brought about that response. From the data recorded for each
group, the logarithms of the concentration were plotred against the probability units
of the observed percentage kill and the LD 545 were evaluated according to the

method present by Finney ( 1952 ).

2 - Experiment II for primary evaluation of the toxic effects of acute and
chronic administration of indomethacin on the bilnarzial infected mice liver. In this
experiment 3 groups, each of 5 infected mice were used. The schedule of
indomethacin treatment was as follows, the first group received a single dose of 50
mg /kg; the second and third groups received respectively a daily dose of 5 mg /

kg/ day and 0.5 mg / kg / day of indomethacin for 15 days.

3 - Experiment III aims at evaluation of the effect of indomethacin on S.
mansoni - cured mice. Three bilharzial infected groups of 8 week-old infection were
received a therapeutic dose of praziquantel ( 685 mg/kg ). These groups, each of ‘
5 mice, were treated with indomethacin at the same dose regimens decribed in

experiment II.

Biochemical assays:

In all groups, animals were sacrificed 24 hours after receiving the last
indomethacin dose. Blood samples were taken and serum was separated by
centrifugation at 3000 rpm and stored shortly in the refrigerator prior to the enzyme
estimatons. Serum gamma gintamyl wansferase (GGTP ) was estimated according
1o Rosalki et al . (1970 ). Ornithine carbamay! wansferase determination was

carried accordiné to Brown and Cohn (1958 }.
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Granuloma measurements 2

Selected parts of liver of mice in all groups were removed, fixed in buffered
saline, prepared for histologic sections and stained with haematoxylin and easin.
The diameter of each liver granuloma was obtained by measuring two diameters of
Lhe lesion at right angles to each other {Fig. 1) using an ocular micrometer. A
minimun of 5C granulomas were measured fmﬂz each group. The volume of each’

granuloma was calculated, assuming 2 sphencﬂ shape, from its mean diameter
using the formula : volume = R3x22 17%4/73.
Statistical analysis :

The "t” o5t was used 0 analyze the dawr from conwrol and experimental
groups throughout the studies. Values of p > 0.05 weze not considered significant.

- RESULTS AND DISCUSSION

The lst of drugs and other chemicals that can cause iiver damage increases
year by year and is now very long indeed. In fact, most durgs and many other
artly becauss of its cenwal

potengially toxic chemicnl are mezabalised by the

Tole in this respect and because it is the organ tha 2! ..y receives the largest initial

dose of drogs and other foreign chemical 1aken o
0 damage by che mc&l agenis.

ie pardeuisrly susceptable

3, IRNY SSAT 15 bs &epatotoxlc

O the casr‘mgniy vsed sl
danmmyiene, naproxen,

p‘lenyi‘wtazam znd itz derivatives; peniciiaming and even goid all have been
reported to canse cholestasis with variable dezres of hepatocelular injury and the

toxicity of benoxyprophen in ihs clderly pauisniz is now well recognized.
Phenylbutzzone and oxyphenyicutazone in tﬁempeu;ic doses can cause a hepatic
illness in human targets. In overdose, phenylbutzzon can produce a cholestatic
hepatitis (Johnson and McFarlane, 1989 ). Meanwhile, hepatotoxic effects of
indomethacin have been emphasized in expeximgma! animals (rats ) even at very
low doses, 0.2 mg / kg (Klimnink, 1989 ). In acute oral indomethacin toxicity

studies in mice and rats considerable species differences as well as marked delayed

5
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toxicity have bean encountercd. Indomethacin was found 1o be more toxic 0 rat
than micz . The oral LDy values wers 2000 mg / kg for mice and 110 mg / kg for

rais, however, these values waere found 1o decerase as the observation period

extended (Van Eeken et al., 1975 . In the present study, indomethacin, however,

was found o show further ioxicity w ihe cready diseased animals. Table (1)

data obained m acute intraperiioneat wxicity

shows ke absolue values of the

mansoxi infected mice and mice cured the inital infection
cin snowed ujwmvr woxicity in mice whether

o with exmeemly sreuc dose - Ie‘zhality curve for

pres. Indo

wd the infectin
ted mice ( Fig 1) ruggesting the combined adverse effects of the

caguing infection and hepatos ngzdty of the drug and or the inability of the diseased

tiver to metabolize the drug hence increased jts toxicity.

Cousxd»ﬁﬁa how sxtonsively the nonsteroid andinflamsmatory drugs are
J, howsver, overt liver damage is quite rare. Nevertheless, a high propordons
of patients recelving thess and other antiinflammatory ageats show persistent mild
ormalizizs of the liver function tests suggestive of some degree of chronic
sholestasis (Johason and McFarlape, 1989 ). In vats, even at very low doses,

indomethacin was found 1o causs severs damage of the liver manifested by mn

increase of the serum activity of aminotransferases and alkaline phosphatases
% Generally , the bios chermical abnormalities in commen with

“¥iraniok,
id andinflammarory drugs, mainly camprisa only slight elevation in
pharase and v - ciommyl transferase (CGTP) concentrations. Serum
¢ bilirabin concentranons are usually normal but

AONSETO

: 5

inorzansferase actvines
wweivities of another (1ess commonly used ) serum maker of hepatocelinlar
gamage, ornithine carbe: ransferuse (OCT ) have been found to be elevated np
w 20 percen: of theumzroid patients on gold or phenylbutazone therapy ( Johnson

and McFariane, 1989 ).

Taple ( 2 3 shows both acute and chronic indomethacin adminisrations
caused significare elevadon in serum GGTP and OCT of §. mansoni infected
mice pardcularly with repeared administration of the higher dose ( 5 mg / kg ).
Less, bug sall ;ﬁmnvunccd elevations of both enzyme activities were recorded in
bilharzial - cured mice, ’xmmtamcd on the same indomethacin administratnion
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regimens. The repeated administration of the lowest dose ( 0.5 mg / kg / day )
produced no appreciable change in the enzymatic activities. The elevation recorded
in the serum activity of the OCT suggests the hepatotoxicity of indomethacin in
both bilharzial and bilharzial-cured mice, since the enzyme is a sensidve indicator
of the hépatotoxicity following administration of antiinflammatory drugs (Reichard
etal, 1960 ), with the possibility of the involvemeht of hepatobilary tract as
manifested by increased serumn GGPT activity . Lipid peroxidation is thought to be
an important feature of indomethacin toxicity where an increase of peroxidaton of
lipids of hepatocytic membrane besides a decrease of reserves of restored
glurathione and a disturbance of the functional state of the liver of rats were

recorded following indomethacin trearment (Klimniuk, 1989 ).

As concerns the granulomatous reactions, it is well established that the
metabolism of arachidonic acid by inflammatory cells is known to involve a
cascade of complex biochemical reactions that result in the production of numerous
biologically active lipids including : thromboxanes, prostaglandins,
hydroxyeicosatetraconic acids, hydroperoxyeicosateraenoic acids and leukotrienes
(Samuolsson, 1982 ). These metabolites from both the cyclooxygenase (CO ) and
lipoxygenase (LO ) pathways are known to influence the immune cell function
(Bailey et "al., 1982; Ford - Hutchinson_et al., 1980 ; Gordon et al.,1976; Koren
gt al., 1981 and O'Flaherty et al., 1981) as well as modulate the progression of
inflammatory reactions { Chensue et al., 1983, Kunkel et al., 1981 and Mertin and

Stackpool, 1981 ).

As arachidonic acid derivatives can be found at inflammatory foci (Ohuchi et
al, 1976 ) many investigators have focused on the biochemical manipulation of
these metabolites in order to pharmacologically control inflammatory reactions
(Higgs et al. 1979; Kemp et al. , 1980 ;Snyder et al., 1982 and Steeg, 1982 ). In

various in vivo as well as in vitro models, arachidonic acid metabolic inhibitors,

including indomethacin, have been shown to modulate both acute inflammarory
cell funcdons ( Higgs et. al, 1980; Needleman, 1977 and Smoien and Weissman,
1980 ) and T cell - mediated responses ( Crout gt al., 1975 Kelly et al., 1979 ;
Leunggt. al., 1982 and Panayi and Rix, 1974 ). Meanwhile, Kunkel ez al ( 1984)

have established the contribution of arachidonic ‘acid metabelic pathways to the
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formaton of expéﬁmental murine hypersensitivity pulmonary granuloma by S.
mansoni eggs and investigated the role of several antiinflammarory drugs that
have differential inhibitory effects on arachidonic acid metabolism via
cyclooxygenase and lipoxygenase pathways. Unlike other andinflammatory agents
used, chronic administration of the cyclooxygenase inhibitor indomethacin showed
a trend of augmentation of the size of the pulmonary granulomas at a dose regimen
comparable to that used in the present study and had no effect at a dose level of
2.5 mg/ kg. The highest dose of indomethacin; 10 mg / kg, proved to be toxic but
in surviving animals supression could be demonstrated. In addition, indomethacin
showed no significant effect when administered postgranulomagenic challenge at a
dose of 5 mg / kg. These results are in complete accord with the present findings
where chronic administration of indomethacin induced pronounced increment in
the hepatic granuloma volume at a dose level of 5 mg / kg while no effect was
recorded whether with single acute dose or repeated adminsteratin of lower doses
('f’able 2) explaining its selective inhibitory effect on the cyclooxygenase pathway .
Also, no significant change in the hepatic granuloma volume of bilharzial cured
mice at any dose regimen used ( Table 3 ) indicaring that indomethacin induced its .
effect only on the ongoing hepatic granuloma formation where arachidonic acid
metabolites were beeing released. This could be explained in the view of Kunkel et
al. (1984 ) who pointed out that, in contrast to other antinflaromatory agents,
indomethacin as a selective cyclooxygenase antagonist, had no effect on granuloma
formation at nontoxic doses. But daily administraton of indomethacin at higher
doses ( 5 mg / kg ) showed clear potentiation of granuloma macrophage Ia antigen
expression via inhibition of cyclooxygenase products such as PGE- and thereby,

indirectly, regulate T cell - macrophage interaction. This concept is supported by
the report of Chensue et al. 1983 that described the suppression of granuloma size
and granuloma macrophage Ia expression by parenterally administered PGE. It
can also reflect the capacity of indomethacin to potendate mixed lymphocyte
reactions (Darrow and Tomar, 1980 ) which require the participation of Ia-positive

macrophages.

In conclusion, the present study does nor suggest the use of indomethacin in:

manipulating chronic hepatic granulomatous inflammation induced by S. mansoni.
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Table(1l):Intraperitoneal toxicity of
indomethacin in bilharzial

mice .
Animal group ) LD50
Healthy uninfected 1102 mg/kg
S.mansoni-infected 769 mg/kg
S.mansoni-cured 832 mg/kg

containing one egg in its center
selected for mean diameter(d)measure-
ments.
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Table (2) : Effect of indomethacin treatments on hepatic granuloma measurements and the serum 7y - glutamyl manspeptidase

(GGTP) and omithine carbamoy! transferase  (OCT) activities of S. mensoni - infected mice.

Granuloma measurements
Animal group

GGTP activity OCT activity
Mean diameter  Mean volume (Mean+ SD) (Mean+ SD)
(um + SD) (mm? x 1074 + SD)
S. mansoni infected 329136 201 + 51 08.93 + 1.03 45.31 £ 3.39
S. mansoni infected + .
Indomethacin
- 50 mg / kg (single dose) 338 + 60 221+ 69 (+9.95) 10.90 £ 0.91 (+ 22.06)* 53.51'+ 5.10 (+18.12)*
-5mg/kg/dayx15 - 36965 289+ 113 (+ 43.78)**%* 1292 + 1.60 (+ 44.86)**  63.41 £ 6.6 (+ 39.95)%*
-0.5 rqg/kg/day x15 323449 180+ 75 (- 10.45) 11.01 £ 1.20 (+ 23.29)* 52.67 £ 56 (+ 16.24)*

Y

- Activity is expressed umol p- nitroaniline /min/1for GGTP and umole citrulline / min /1 for OCT,
- Number inside parenthesis is the peércentage change from control (infecied - untreated).

- All animal groups were decapitated 24 hr post indomethacin treatments.

- Infection with 70 cercariae / head - (8 week - old infection),

*P<005 . Lk P < (.01 CFERR P < (0.001.

14



Ai-Sharka

wl,

Table (3) : Effect of indomethacin treatments on hepatic granuloma measurements and the serum Y- glutamy! transpeptidase

1

{(GGTP) and omithine oﬁcmaoﬁ transferase (OCT) activities of mice cured S. mensoni - infection ,

Granuloma measurernents

GGTP sctivity OCT acivity

Animal group Mean diameter iag volume (Me=an 8D) {Mean < SD )
(um & SD) (mmas % 1074 4 SD)
S. mansoni infected 222 & 41 129 4 39 4.63 & 33.57 £ 3.1
S. mansoni curéd +
Indomethacin

- 5010g / kg (single dose) 221 £70 111 £ 53 (-13.95) 545+ 1.2 (18.22) 40.11 £ 3.2 (19.48)*
-5mg/ke/day x 15 237 53 142 % 41 (+ 18.92) 5.95 % 1,0 (29.07)* 42.88 + 4.1(27.73)%*
-05mg/kg/dayx 15  207£60 - 133 4 39 (+ 3.1) 5.01 £ 0.7 (8.68) 38.12 + 3.8 (13.55)

- Activity is expressed in umol p- nitroandiine . /min /1 for GGPT and umol citrulline / min /1 for OCT,
- Number inside parenthesis is the percentage change from control (S. mansoni - cured).

- Aniinal groups were decapitated 24 hr post indomethacin treatments.

- Praziquante! was adminisiered as a single oral dose (685 mg / kg).

" - Infection with 70 cercarie / head - (8 week - old infection).

» P < 0.05 e p < 0.0



Toxicological profile...............

B el g gaaltgiid] s Jolid o S Bsossl il
Rl ol

salisddl gdbyma Jutlowl

ez Zaals = o plall LU = ol (Ao od

IS I RCTRTE | SR (R ERt [ e Wb

Sl BLoYG oY o e 3 IS Lol L)l Tlall ol2ill

oo I 2l ) e T bl un‘}l a3y . Llall 2 Tkl ol

Slldl Lo LIS LY o e (3l el Lyl Tlall Slild]

Ll Ol Al Lol Olidl dae gimte 3 4ad ol peb po Leandall
+ Loy el Bl il

oo e S ISy lall WS e sl i e Slasaul IS (3,
('"':/('N - 3"\""1&"5‘{{"’-‘:/(”"”' 0- @Job‘é‘wrﬁﬁbw&:l’b?‘
ydfwww‘ﬁ;.hﬁ\ﬁygavgrqf/ﬁAJOcI.G_';-\OL;:,Lya_‘-_r
o Jeze Skl BsellS ot ¥ Sy pel7 Jeelisde LU 23l
ol g P slaaS” oW ,.41 SLIY o Wl I BLYL Ol

B EAT{ PE IR S I PCT [

Bl SUladl Jae 5 ous¥l SLE 5ol5 o Grebeos Bl comd 55
I Sled) Ty Uyl bnzly S0 138 08, L ole ) S ae Lyl
s - 50) &Yluiluﬂglﬂmgw@lu» Sy LlaYl e oy
SUledl 3 e 5 doely 5ok DLLIY! e Slald Sibly (8 /
of Ol ods Joe B3 s CYSS PRl QA ote 4l wey Lii Llall
& ol ¥l 4 oh U s L3l 5 a8y 1 . BloY) o WLl oUlndl

c Ol sds @lasd

16



