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ABSTRACT

The administraion of various doscs of the autimalarial drug prmaquine,(PMQ), led to dose- dependent
decrease in the specific activity of Glutathione-s- transferase in liver subfraction, whole homogenate
(WH) and Postmitochondrial supervatant (PMS). The Gluiathione-s- transferase specific activily values
of 0.15+0.015 (WH); 0.26 + 0.020 (PMS); 0.13+ 0.01 (W), 0.23 + 0.013 (PMS) and 0.10 + 0.010
(WH), 0.18 & 0.02 (PMS) corresponding Lo 0.16 mmolPMQ/kilogram body weight (kgbw), 0.32 mmol
PMQ/kgbw and 0.64 nunoi PMQ/kgbw respectively indicate dose ~ dependent inhibition ofGlutathione-
s- translerase in both subfractions studied. These values were sigpificantly (P <0.01 ) less than the
Dimethyl sulphoxide (DMSQO) control groups. Similar observations were made on the effect of PMQ on
rat liver protein. Further more, the RNA/protein ratio results, indicate dose ~ dependent increase from
valics of 1,3 (WH); 1.1 (PMS) to 1.6 (WH); 1.8 (PMS) corresponding to drug concentraions 0.16 mmol
PMQ/kgbw and 0.64 mumol PMQ/kgbw respectively. These results were significantly (P< 0.01) higher
than DMSO control values.
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INTRODUCTION.

Primaquine (PMQ), an 8- awmino

quinoline, is proven anti~- malaria drug

witly both schizonticidal, gametocidal and
sporontocidal cffects (Clyde, 1981). A
single dose of PMQ is capable of reducing
parasitemia and PMQ is metaboliszed by
0- demethylation of the 6-methoxy group
formed by hydroxylation at the 5 carbon
and oxidation to give a quinine derivative,
which can undergo oxidation. Despite the
effectiveness of this drug as an
antijnalarial,its appliction in the field of
Chemotherapy has suffered due to its side
effects. The parent drug and and some of

its metabolites have been implicated in the
toxicity associated with PMQ therapy
(Clyde 1981). For instance, oxidative
effect of the drug on the red blood cells
leads to the generation of superoxide ion
(Akintonwa, 1984). Superoxide ion and
other free radicals can interact with
glutathione and hence affect membrane
integrity via peroxidation mechanism
(Goldberg ad Stema, 1976). However,
there seems to be a division regading the
exact species in PMQ metabolism that
elicit these side effects especially its role
in the promotion of methemoglobin
formation in human red blood cells that
are deficient in glucosc-6-phosphatase
dehydrogenase (Strother et al, 1981). The
implication of drug metabolising enzymes

in lohe mechanisms of drug toxicity has
been yeported (Oesh et al, 1987)

Akintonwa, 1985). This view presupposes that
if the Metabolites arising from the native
compound through the action of phase 1 drug
metabolizing enzymes, was the toxic entity, the
presence of an inducer like phenobarbitone will
enltance  the preponderance of the  toxic
- metabolites whereas the inhibition of such
enzymes may alleviate the toxicity of the drug
(Akintonwa, 1984). Tor instance, the N-
acetylation of hydralazine by the enzyme N-
acctyltransferase may Iead to the generation of
hydrocyl radicals, which are capable of
hemolyzing crthrocytes (Akintonwa 1986).
From the foregoing, it is clea~ that the role of

drug metabolizing enzymes in the control of
reactive metabolites may be more intricate than
they were hitherto thought.

Many mutagenic, carinogenic and
clinically active metabolites are controiled by
several enzymes including deactivating and
sequestering enzymes (Oesch, 1986).

Therefore, a study of the effect of PMQ on
some of these enzywes will create a podiumn for
the clucidation of the mechanisms of itg
toxicity. Furthermore, the possible eftect of the
drug on other drugs which are amenable to
Gluathione-s-transferase may be exposed.

MATERIALS AND
METHODS

Thirty (30), Adult male albino rats of
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wigtar strain which weighed between 150 -
200g were used for this study. The animals
were maintained under room temperature and
on pfizer rat feed throughout the duration of the
experiment. PMQ was' administered
intyaperitoneally (0.16,0.32 and 0.64mmol/kg
body weight x 4 days) to the test group animals,
while the control received by the same means,
similar concentration of DMSO. At the end of
the fourth day, the animals were killed by
angesthesia with chioroform.

The whole homogenate (WH) was
obtained using a hand driven homogenizer in

ice cold 0.25M STKM (sucrose, Tris, KCL, and .

MgCL; buffer PH 7.4). The other subiractions
_weye obtained using an MSE centrifuge with a
centrifugal radius of 15.5cm, according to the
methods of Akintonwa and Itam (1988) as
adopted from Conn and stumpf (1976).

Marker enzymes and  proteir
recqueries were used to examine the
subfractionation technique (Potter, 1955). Total
protein assay was by Biuret method
(Donninger, et al, (1972). RNA was assayed
«using the methods of Fleck and Berg (1965).
'Glujathione s-transferase activity was estimated
based on the principles of substrate analysis
‘using trichlofenvisphos as substrate (Akintonwa
and Ikpeazu, 1997). The unit of glutathione —s-
trangferase activity was defined as the amount
of enzyme required to produce a decease in
substrate (nmol/minutes).

DATA ANALYSIS

All experiments reported in this study were
carried out in triplicates and the mean reported
at each point. The student ‘t’ test was used in

the comparison of sample means with the

control mean as a first approach (Winer, 1962).

RESULTS

The results show that hepatic WH and PMS
possessed significant Glutathione-s-transferase
activity  respectively (Table 1). PMQ
administraion significantly (P<0.01) impaired
the activity of Glutathione-s-transferase relative
to the doses administered. When 0.16
mmplPMQ/Kgbw was given, the percentage
decrease (% - A) was 6.2 (WH),18.7 (PMS)
and at 0.32mmolPMQ/Kgbw the % Awas 18.7
(WH) and 34.0(PMS). The percentage decrease
44.4% (WH) and 53.8% (PMS) was even more
pronounced at higher concentration of 0.64
mmol/PMQ/Kgbw.

The results presented in Table 2 indicated that
PMQ) administration led to dose- dependent
decreases in rat liver total protein mg/liver. The
total protein values of 326 & 22.2 (WH) and 166
+ 150 (PMS) coressponding to 0.16
mmolPMQ/Kgbw is significantly lower than

TABLE |

the DMSO control values of 362 + 12.8(WH)
and 207 £ 12.7 (PMS). Further increases in
drug concentration led to greater decreasees in

THE EFFECTS OF VARYING
DOSES OF PRIMAQUINE ON
GLUTAHIONE-S-TRANSFERASE

SPECIFIC ACTIVITY IN RAT
LIVER.

TREATMENT 0.36muolKg bav (D.}Immuilkg.h.\v 0.64nmm0l/Kg b

SUBFRACTIONS

ANDWIOLE | Wit PhIS wi PAIS wit (4]

HOMOGENATE

BMSO(contrel) | 0,161 6013, 03240015 | 0.16+ 0013, (.35 ¢ 0612 [0.AR¢ 0015, 059 163

(230 . BAS+OMS,  0.201 0020 0.3 1 040, 0.23 1 6.013 QAL B0I, 0148002

Bach vaue rey; group e ( in/ing protcin ) £ S, (0 = 10)

Wit and PMS = Rat Liver Subfraclion whole Homog and post

respectively.

TABLE2 THE EFFECTS OF VARYING
DOSES OF PRIMAQUINE ON
RAT LIVER TOTAL PROTEIN.

VREATMENT 0.56numobKg b 0. 2mmoliKg b.w .6 4mmot/Kg b

SUNFRACTIONS .

AND WHOILE:

MOMOGENATE [ Wit PMs Wi PMS wh M8

DPMSO (contral) | 362 £ 128, 2074127 WO 285, 212190 4261109, 174160

PIQ 3261222, 1664180 2706314, W6HILY 2601209, 116028

Ench valuc represcnts group mean mpftiver (n = 10)

W and PMS = Rat Liver Subfraction whole H

respectively.

and post

b

TABLE3 THE EFFECTS OF PRIMAQUINE

PRETREATMENT ON RAT
LIVER RNA.

TREATMENT 0.16mwnnlRg baw 0.3 2mmolKg bav O.64mmot'hg haw
SUBFRACTIONS
AND WHOLE

Wit PAIS wit PMS wit ™S
BOMOGENATE
DAMSOontrol) | 4.5 1 0.8, 1R £ 0007 42 140.22. 2010 401028, 221019

MO

43+0.51, 199009

424027, 201049 42+023, 221019

Fach value rep

WL nnd PMS = Rat Liver Subfraci whole H

group mean mg/li

4 SD (N = )

Ju and supernatant respectively.
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TABLE4 THE EFFECTS OF PRIMAQUINE

PRETREATMENT ON RAT

LIVER RNA/PROTEIN RATIO.

TREAPMENE 0. t6mmol/kg b 0.3 2mmol/Kpbav

0.64mmolikg h.w

swracionn [
ANDWIRNE | Wit s wil ™S
HOMOKNATE, |

wit

rMS

;
VMSO (oomrel) | 1.2 (17 (8] 0y

09

Y :
Wiland PMR® RN dver Subfactions whote patiate and jron mitoch

the liver total protein of the treated animals viz
270 + 31.4 (WH),146 % 11.1 (PMS) and 260 =
20.9 (WH); 116 £28.1 (PMS), corresponding to
0.32 and 0.64 mmolPMQ/K gbw respectively.

Table 3 shows the RNA results, There were no
significant differences in the RNA values,
irrespactive of concentrations,
values 4.5 (WH); 1.8(PMS) and 4.2 (WH);2.0

The control

(PMS) are comparable with test values of 4.3

(WH), 1.9 (PMS) and 4.2(\VH);, 2.0 (PMS)
corresponding to 0,16 and 032
mmol/PMQ/Kgbw respectively. Similar values
4.2 (WH);, 2.2 (PMS) were obtained at the
highest drug concentration of 0.64 ol
PMQ/Kgbw.

When the RNA Protein ratios were computed
(Table 4) the profile indicated an increasing
trend. RNA/protein ratio values of 1.3 (WH)
and 1.1 (PMS) corresponding to 0.16mmol
PMQ/Kbw suggests significant increases
compayed with corresponding control values of
1.2 (WH) and 0.9 (PMS) (P< 0.01).

The results obtained from the groups pretreated
with higher drug concentration (0.32 or 0.64
mmol PMQ/kgbw) indicate further increases in
relation to increasing drug concentrations viz:
1.2 (WH); 1.4 (PMS) and 1.6 (WH); 1.8 (PMS)
respeclively. The corresponding control values
were 1.1 (WH), 0.9 (PMS), 0.9 (WH) and 1.2
(PMS).

DISCUSSION

The basis for the use of RNA/protein ratio
approach as an index of enzyme induction

(Utu-Baku 1986); induction/inhibition has been
reported by -other workers (Akintonwa and
Archibong, 1987, Attah, 1990). This simple
and cheap procedure can be applied as a
preliminary assay to assess the effect of
biocides on hepatic drug metabolizing enzyme
system, The proliferation of the smooth

endoplasmic retighlum coupled with associated

increases, in protein synthesis »which -

accompanies énzyme induction, accoﬁlit;”fpi‘_
the observed decreases in RNA/protein ratio ot -
event of enzyme induction, especially since

RNA turnover is stable under these conditions -

(Wright et al, 1978). The increasing trend
obtained in the RNA/protein ratio data
presented in this study, could be due to the
inhibitory effects of the drug PMQ on proiein
synthesis. Hence higher doses of the drug led
to significantly lower protein values compared
to the result obtained from smaller doses.
When GST specific activity was monitored in
the PMQ pretreated rats, similar dose-

idependent decreases were abserved, suggesting
.enzyme inhibition phenomenion predicied by

‘the RNA/protein ratio data.  Expectedly,
RNA/protein ratio cannot be sufficient as a
conclusive index © of enzyme

induction/inhibition therefore specific enzyme
assays must be used to collaborate the
RNA/protein ratio data. The toxicological and
chemotherapeutic  significance of  such
assessment cannot be over emphasized,
especially with regards to key detoxifying
enzymes like GST.

The Glutathione-s-transferase (GST) enzyme is
amenable to induction and inhibition (Oesch,
1987, Attah, 1990). Other workers have
reported the selective impact of inducers like 3
— methyl cholanthrene on drug metabolizing
enzyme systeras. Back et al (1983) have
reported the effects of chloroquine and PMQ in
antipyrine metabolism. While PMQ inhibits the
metabolism of antipyrine in man, chloroquine

does not. Similasly, Attah (1990) has reported -
the iphibitory effects of chloramplhenicol in rat .

hepatocellar nitroreductase activity.

The implication of the present result is at least,
two fold: the inhibition of GST by PMQ. -

indicates, that concomitant administration of
PMQ with other cstablished. inhibitors of
GSTmay impair the detoxification of biocides
like, benzo(c)pyrene and styrene oxide which
are substrates for the enzyme with toxicological
implications. Tardiff and Dubios (19680, have

reported enhanced toxicity of many drugs due
to the inhibition of hepatic drug-metabolism by
alkylating agents, cyclophosphamide and
piporoman.  Besides this, however, 'certain
inhibitors, have been employed for beneficial
therapeutic goals. For instance, proniacid and
pargyline are inhibitors of monoamine oxidase
which are used to relieve tuberculosis, mental
depression and angina pectoris (Back et al
(1983).

Further understanding of drug- drug interaction
at the metabolic level will enlivenhe available
literaturc of mutiple drug therapy and probably
cnhance the judicious application of drug in
chemotherapy. '

-
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