EFFECT OF CHLOROQUINE ON THE INDUCTION OF RAT’ UTERINE
PEROXIDASE BY AN ORAL CONTRACEPTIVE

BY

KOJO AFEDZIE ASAMOAH

A THESIS SUBMITTED FOR A MASTER OF SCIENCE DEGREE
IN BIOCHEMISTRY, UNIVERSITY OF GHANA, LEGON.

DEPARTMENT OF BIOCHEMISTRY
UNIVERSITY OF GHANA
LEGON

BECEMBER, 1979.



University of Ghana http://ugspace.ug.edu.gh

INTEGRI prOCEDAMUS

(7296675

= f\“ f
wt e

Rl o
AWV 52

[ caee Neeai



DECLARATION

THE EXPERTMENTAL WORK DESCRIBED IN THIS THESIS WAS
CARRTED OUT BY ME AT THE DEPARTMENT OF BIOCHEMISTRY,
UNIVERSITY OF GHANA, UNDER THE SUPERVISION OF PROFESSOR G.S.

ASANTE,

I CERITFY THAT THIS WORK HAS NOT' PREVIOUSLY BEEN ACCEPTED
FOR ANY DEGREE, NOR IS IT BEING CONCURRENTLY SUBMITTED IN

CANDIDATURE FOR ANY OTHER DEGREE.

SIGNED:

AR A A ESERENEEE AR NN Y

CANDIDATE

P

.Q'O.'.'.;.....I.".....'

svpprisor  1¥1{80



VITA.

The author was borm on 15th May, 1950, at Takovadi in the
Western Region of Ghana. He attended primavy schools in Kumasi
and Winneba, and finally the Presbyterrian Middle Boys' Boarding
School, Aburi.

He then attended the Mfanteipim Sehooly Cape Coast, .from where
he obtained the G.C.E, Ordinary and Advemesd Level Certificates, in

1968 and 1970 respectively.

He matrioulated into the Faculty of Seience, University of Ghana,
in Octcber 1970, In June 1975 he cbtained the B.Se. Gemeral degree
(2nd Clase toper Pivision) in|BicoNanidlng (Mjor), Toology and
Futvition, In June 1974, he obtained the B.Se. Homours degree (2nd

Class Lower Divigion) imn Biochemistry.

He went on o do the National Service as a Seienee Tutor at
Wesley College, Kumasi, during the 1974/75 academic year.

In October 1975, he retwmed to the University of Ghana, Legom,
to pureue an M.Se., Degree eourse in Biochemistry.

The author who ie a keen sporisman has been a werber of the
University Cricket, Badminton and Handball teame as well as the
national Badminton team., He is, at present, the Chadt.rman of the
Greater Accra Badminton Asscciation, He i3 also the Viee~Chairmm of

the Badminion Assoeiation of Ghana.



11

ACKNOWLE DGEMENTS

I wish to eapress my eineere thanks to Professor G.S. Asante,
Head of Depa;-mt,_ for suggesting the topie and fg;' h'z;s supervision
of the maM and for his aseistmae throughout the pwpqzu#ion
0f this ﬂzem. I sh@ld alao like to thank Dre. PuF. Laveay. and E,
Amzto—DzmsZo, who were members af my supemsozy earmittee "

I am grateful to Mr, J, Tetteh of the Biochemistry Department
for the save of the enimals; and to the Animil Science Depawtment
for swpplying some animale for the work,

I deeply agpreciate every eneouragement givem, through various
means, by Miss Ekua Tekyiva Amia-Sekyi of the University of Cape Coast.
I am very grateful to the Population Dynamics Programme of the

University of Ghana, Izegon, for pmmding funds for the reeeareh.

To all o‘bhez- nsembm of staj’f cmd students of this Department
who have helped in one way or other to make this thesis what it is,

I say thank you,

Finally, I am very grateful to Miss Dinah Sackey of the University
of Ghana Medical Sehool for helping with the typing of the seript.



TABLE OF CONTENTS

Declaration

Vita
Acknowledgements
Table of Contents

List of Tables
List of Figures
Abstract

INTRODUCTION

LITERATURE REVIEM

THE UTERUS
Morphology
Physiology
Estrogen Uptake

CONTRACEPTION

CHEMISTRY AND PHARMACOLOGY OF CHLOROQUINE
Mode of Action
Other Effects

UTERINE PEROXIDASE AND ESTROGEM INACTIVATION
EXPERIMENTAL PROCEDURES

Materials

Methods

General Methods

RN

*e e

osse

ooe

sew

eee

iv

Page

vi
vii

viii

11
25

32

8 8

52
52
52
54



200

ENZYME EXTRACTION ese
PEROXIDASE ASSAY i
PROTEIN DETERMINATION .
RESULTS

A. Efifect of Estradiol, Amovlar 21 and Chloroquine

on Uterine Peroxidase Activity

B, Effect of Cycloheximide and Puromycin on the
Stimilation by Estradiol of Uterine Pereoxidase
C. Effect of Cycloheximide on the Action of
Chloroquine ane  wiee
D. Effect of different Chloroquine doses on
Pevoxidase Actitity s e
E. Effect of Chloroquine on Peroxidase
Activity in vitro neeooete
F. Time of response to Anovlar and Chloroquine
And Duration of Effect wa  eau
G. Combined Administration of Anovlar and
Chioroguine sew  mew
H., Mating Experiments wew e
DISCUSSION aee *ee
CONCLUSIONS on . o

Bibliography . &

ese

57

58

58

60

62

63

65

66

70
74

75

83

84



TABLE

3.

LIST OF TABLES

Some Oral Contraceptives i dnid wb

Uterine Percxidase Activity in the
Presence of Estradiol, Anoviar 21 and
Chloroquine

Cycloheximide and Puromycin Efifacts on the
Induction of Uterine Peroxidase by Estradiol

Cycloheximide Effect on the Stimulation By
Chloroquine of Uterine Peroxidase el aTre

In Vitro Effect of Chloroquine on Peroxidase
Activity

esoo

Degree of increase in Peroxidase Activity ......

Comparative Effects of Chloroguine and/o
Anovlar Treatments " eweseecs

Effect of Chloroquine and/or Anovlar on
Litter Production cecenes

Page
28

60

61

62

65

72

73

74

vi



Fig.

LIST OF FIGURES

Structures of Some Estrogens

The ienstrual Cycle

Action of Steroid Hormones on Target Tissue
Ghloroquine and Its Masior Metabolite

Relationship Between Peroxidase Activity &
Different Chloroquine doses

Time of Response to Anovlar 21

Time of Response to Chloroquine

Effect of Chloroguine and/or Anovlar 21

vii

Page

10

12

24

33a

64

69

7



viii

ABSTRACT

Uterine peroxidase has been induced in immatuve female rate
with estradiol and anovlar 21, Anoviar 21 ie a stercid contraceptive
eontaining 4 mg. norethisterone acetate (a progestin), and 0.05 mg.
ethinyl estradiol (an estrogen) per tablet, Maximum enzyme activity
was found to occur 2¢ hours after oral administration of the contra-
ceptive. The inereased peroxidase activity caused by the eombined
steroids was inhibited by the administration of cycloheximide and
puromyein (inhibitors of protein bicegithesis).  Perowidase ie thus
syntheeised da novo on the influence of the stercids.

Chloroquine diphosphate has also been found to inerease the
activity of perowidase, with the mazimuwnm activity occufring 18 hours
after the drug has been injeoted intramseularly., Cyclohezimide has
been found to prevent this stimulatory effeet of chloroquine. Chloro-
quine was effective in inereasing peroxidase activity in pivo over a
dogse range of 0-20 mg/kg. body weight., It however, did not affect
peroxidase activity in vitro.

Chloroquine potentiated uterine pevoxidase induetion by anovlar 21,
Chloroquine and/or anovlar 21 prevented the production of litter by
adult female rats.



INTRODUCTION

The topic for this thesis is part of a major research project
aimed at finding the possible interaction between steroid contracep-
tives and chloroquine in target tissues (Asante 1975). Steroid
contraceptives are camenly called oral contraceptives or "the pill"”,
This investigation is being made on the uterus which is the target
tissue for the stereid contraceptives. The main object of the research
is to find information which will promote understanding in the use
of steroid contraceptives as birth control or family planning practice
in Africa in general and in particular, where malaria is endemic
and therefore chleoroquine is extensively used for both prophylactic and
therapeutic purposes.,

Malaria in man is characterized by successive fevers, chills and
sweat, nausea, anaemia and splenic enlargement. It is caused by the
presence in the’red blood cells of 4 clesely related species of the
protozoan Plasmod:.tm. These are P. vivax, P. malariae, P. ovale and

P, falciparum.

Since malaria is endemic in Chana there is little benefit from
radical cure. This is because the life cycle of the plasmodium is
represented by a nuber of stages which vary in the degree of their

susceptibility to chemotherapeutic treatment.



Primaquine which can act on the exo-erythrocytic stage as well
as on the gametocyte is found to be unsuitable because of the multiple
stages of the parasite at any time. Primaquine also causes haémolytic
anaemia in about 20% of Ghanaians, These are the people who have G6PD
£ adak, 1468)
The recommended drugs for prophylactic supression of malaria are:
Q\nmne, Chlomqm_ne, P‘yﬂmethamine, Daraprim, Chlotoguanide, and :

deficiency (Fauw

Dapsone plus Pyrimethamine,

Effective doses of quinine imay cause cinchonism in a large
percentage of individuals. Instead it is usuall to employ chloroquine
in a dose of 300 mg base per week in adults, 150 mg in children and
75 mg in infants., Toxic effects are usually incmse@éntial. Apparently,
confirmed cases of resistance have been encountered in areas outside,
‘West Africa. The 'anly necessé‘ty pvecautibn required is to increase the
dose to 600 mg weekly when the situation demands (WHO Technical Report
375). /

Apparently chloroguanide (Paludrine) and pyremathamine (Daraprim)
are less effective than chloroquine (Hendrickée, 1967). In fact reports
of resifitance to pyrimethamine and chloroguanide came from West Africa
enly a few years after the drugs were introduced.

Pynnathazmne and Dapsone = 125 mg : 100 mg - can be used for
prophylactic purposes under the trade name of Maloprim. The combina-
tion may delay the onset of resistance and may be useful against

parasites that are resistant against pyrimethamine alane. Dapsane in



large quantities however, causes haemolysis in individuals with G6PD
deficiency. . Rasbridge gt. al., (1973) found that Glutathione (GSH)
levels fell with dapsone treatment with a greater fall in G6PD defi-
cient patients. In addition dapsone accelerated red blood cell ageing
in normals while older cells were destroyed in G6PD deficient patients.
There is a question as to the role of dapsone in depres;ing the forma-
tion of gramlocytes (Ognibene, 1970). ,

'For the clinical supression of malaria a quick acting drug needs
to be used. These are quinine and chloroquine, In the supression of
uncemplicated malaria, quinine is reserved for cases that are resistant
to chlorequine, Chloroquine is therefore the drug that is most commonly
used for the supression of falci ann_g_maléria - 600 mg of the base
followed by 300 mg six hours later the same day and once a day on two
successive days. Prunitus: is a common complaint of persans receiving:
therapeutic doses of chloroquine but this can be relieved by giving
corticosteroids, " i, i.7<r, Niete-Caicedo (1956) has attributed
the usefulness of chloroquine to its high potency against every species

of Plasmodium wiﬁmut resistant strains being produced.‘ This high
potency permits a short treatment, There is also a high tissue fixa=-
tion and slow excretory rate and degradation, Thus the case for the
use of chloroquine as an antismalarial agent is established,

There 1s then the need to have an insight into the importance of
oral contraceptives in family plamming practice, The Planned Parenthood



Association of Ghana (PPAG) was established in 1967, The founders
of 'PPAG included a number of doctors who felt impelied to do some-
thing to alleviate the sufferings and high mortality rate of mothers
in childbirth. They saw family planning as a mesns whereby mothers
could be assisted to cantrol\ the number of their children by Spacing
their birth and also to help couples decide on the number of childrea
they wished to have»;L While this might lead to a reduction in the
rate of population growth, it also aimed at improving the health and
welfare of married couples and their children,

The pioneer of the National Family Planning Programme was Miss
Edith Gates of the i’athfinder Fund, who visited the country in 1956 to
explore the possibility of intreducing the service, The Christian
Comneil also came ih in 1961 and this eventually led to the establish-
ment of the PPAG. ‘

It has been.reﬁognized that Africa has now reached a stage in
her demographic evolution which is marked by an upward growth of its
population and it is expected that a sharp rise may occur. The social
and economic implications are of far reaching significance for our
development programes.

With the first PPAG clinic opened in the country in 1968, there
had been 192 of the clinics by 1977 with 429,500 acceptors of the
various methods. About 54% of these acceptors have been on the pill
(kwafo, 1977). It is gradually becoming a popular method of cantracep-

tion.



The pill acts in such a delicate way that any departure from
its recommended pattern of administration can lead to its becoming
ineffective. As such it is necessary to find also the effect any
commonly used drug will have cn its action. A drug that is found
to either increase or decrease the effectiveness of the pill will
make sn adjustment in its administration necessary. A veduction of
the dose can lead to a reduction in the side effeéé of the pill

which include weight gain from water retention, breakthrough bleeding,
aggravation of an already existing cancer of the breast or cervix, and

the development of fibroids (Kistmer, 1969), An increase in the dose
will reduce the risk of its being ineffective, Chloroquine as stated
above, is a drug that is widely used in Ghana to prevent and treat
malaria cases, It has recently been used as a lotal angesthetic in
surgery (Takyi, et al., 1972) in addition to the treatment of other
diseases apart from melaria.

Chloroquine has been found to have many other side effects on the
normal physiological properties of the individual., It is known to
affect normal uterine physiology which is the same phenomenon: by which;
the oral contraceptive works, and this is discussed later.-

Since the pill is produced in parts of the world where the use
of chloroquine is not so widespread, it cannot be assumed that a
possible effect chloroquine would have on its action was taken into
consideration. These considerations have therefore motivated this

investigation.



There are a mumber of enzymes in the uterus whose activities
are affected by the steroid contraceptive, Amongst these enzymes
is the peroxidase which is suspected to be involved in effecting
~ the contraceptive action of the pill. Thus the effect of chloroquine
‘and an oral sontx;aceptive,(m\tlar)on’me activity of this enzyme
“has been chosen for the present study, Anoviar 21 was used for the
study because it hos. p%en: a popular oral contraceptive in this

country.



LITERATURE _ REVIEW

THE UTERUS - Its Morphology

The uterus is a part of the female reproductive system which
is mainly responsible for the implantation of the foetus with its
subsequent development into a matured embryo before parturition.

As described by Bradbury (1973), it is a pear shaped organ
with four parts, namely: the rounded upper end called the fundus,
the 1st!nnus, the cemwix and the portio vaginalis which protrudes
into the vagina,

The uterine wall -has three cell layers: the outermost
connective tissue covering, the myometrium which is a thick muscular
lining with blood vessels, and the endometrium which is a mucous
layer, The body of the uterus has both circular and longitudinal
muscl¥s’. while the cervix is made wp of circular muscles with dense
collagen and elastic fibres which giver it a firm consistency. The
endometriun is lined by columar epithelium with ciliated and
secretory cells. The epithelium is more stratified towards the
cervix, with thicker mucosa, The secretory cells secrete mucin,
The superficial part of the epithelium is supplied blood by spiral
arteries from the myometrium while the deeper region which does not
change during the menstrual cycle has a separate blood supply,

In the uterus are a group of cells which ave also important as

far as uterine physiology is concerned. These are the uterine eosi-



nophils, There has been a review of these cells by Tahemitchin
(1973). The eosinophils are located dGeep in the stroma of the
mcosa or in connective tissue in the mscular layers, They have
multilobed or ring shaped nuclel. with aggregates of chromatin. Toe
oytoplasm has a few Golgi bodies, lysosames, microsomes and mitochcn-
dria. They have pseudopodium — like elongations of lower electron’
density.

Hyperestringenic animals have more eosinophils, and these are
foud close to the plasma mevbrane., The area of juxtaposition is more
in hyperestrogenic animals. Pinocytic vesicles are found close to
these. The eosinophils do not exist in the uterus of the imvature female
animal, and the nuber of the eosingphils present is a functécn of the
estrogen level of the animal (ichemitchin. et, al., 1973). The eosino-
phils are diminished by the presence of progesterone. FEosincphilia
producing factors such as histanine liberators and intra uterine devices
enhance eosinophil levels (Tc¢hernitchin, 1973). The presence of pseudo~
podia an eosinophils suggests their motility in the uterus. These
eosincphiils are attracted Ly estrogens to the uterus through a mechanism
which is not quite well known,

The eosinophils act as phagocytes and are attracted to antigen-anti-
body sites (Ross et. al., 1966). Imzymes contained in eosinophils
include cathepsin, acid and alkaline phosphatase and peroxidase. The

blood is the immediate source of uterine tissue eosinophil,



Disruption of the eosinophil occurs in estrus with the spilling
of its cytoplasmic contents, and this may be responsible for some of
-the early effects of estrogen which include water imbibition and

vascular permeability of the uterus (Tchernitchin, 1973},

'Ihe najor physiologlml activity that takes plaoe in the uterus
and its assod.atsdstzwmn'es—ﬁ:eovaries J.sthep:oductlmof
ova and a sequence of events that ensure the implantatlan and deve-
th;namt of a fertllized avumu Ehese prouesses are 1n1t1ated.by a
gmp of sterbid honnmes (est::ogens), pmduce& bi“ﬁé';“;mm cortex,

'memjorestmgenpmducedbytheaﬁ:enalg]mdlsestradlal ‘
(&stxa 1, 3, 5 - tnene - 3, 17 8 dlol). Strucl:\mally and fmo-

tionally zelated to this estrogen are estrone and estiiol. There
is also a synthetic estrogen neamed diethylstilbestrol which is
fnctionally related to estrodiol (fig, 1), Estradiol which is
the most potent, is ‘about 8 = 10 times more potent than estrone and
100 times that of estriol. V

fhe estrogens on’ being secreted, are transported through the
blood to the hiypothalamus where fhyexise the production of a follicle
stimulating homone releasing factor (FSHKF), This factor acts on
the anterior pituitary gland, causing the production of follicle
stimilating homone (FSH), which is transported to the ovaries to

initiate the growth and maturation of the Graafian %’ol]icles. The

@ o el o RS L ﬁjﬁ'ﬁuﬁc\‘e a luteotropic hormone which causes the
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hypothalanus to produce a luteinizing hormone releasing factor.
This factor will cause the pituitary gland to release the luteiniz-
ing hormone (LH). mm,mmadﬂngﬂwovaweamesthe
production Gf progesterone wich is needed for the initiation

and development of pregnancy. The IH also causes further

' estrogen production by the ovaries and finally the rupture of the
omytom]easetbemmmadmm. Large amownts of estrogen will
 stop the production of FSi, therefore, the extra estrogen produced
..byﬁaeavatywillswpﬁ?iéfSHpmdmﬁm;thisisamssible

. spchanism for ensuring that aaly one ovum develops at a tine
(Kistner, 1969). The increasing levels of progestercne will, after
ovulatien, inhibit FSH and IE profuction and thus gut domn the
pmds:cumofbo&x estrogen and progestercne, both of which are
m&mmmm@mnpmwummdﬁmﬁmr

- development of the fertilized ovum (Fig. 2). 'Ihi.scmditz‘fmvﬁ.u
‘therefore start a degeneraticn of the uterine endametrial lining,
the growth of which had been initiated by the initial estrogen
production, Thus there is the memstrual flow. If there is ferti-
iizaﬁmhmemr,fwtheréstxogmanﬂpmgestermepmﬂucﬁmis
taken over by placental stinulation. (Rdberts, 1973).

ESTROGEN UPTAKE BY THE UTERUS

The mode of wtake of the estrogens is another problem that
has engaged the attention of various workers for same tine.
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spaziani (1975) found that estradiol is rapidly taken up
and retained by the uterus, vagina and the pituitary gland without
any conversion. Other tissues which take it up do not retain it,
‘Mhis is further supportsd by the work of Tchemitchin et al. (1973),
who found that between 5 and 20 minutes after estradiol injection
the estrogen was found in most “uterine cell nuclei, extracellular
space and in eosinaphils of matured rats.

Jensen et, al. (1962) similarly found that estradiol was
present in the uterus as such, while it was bound to protein in the
liver six hours after estradiol injection, They further fowd that
the uterus and vagina have a long period of retention and incorpora-
tion, The uterus does not seem to have the ability to oxidise
estradiol to estrone and this suggests the possibility of estradiol
having its effect without its being metabolised.

Gorski et al, (1968) found that at both high and low dose,

55% of injectid estradiol was present in the nuclear fraction of
uterine cells with 30% in the cytosol. The rest was in the micro-
samal and mitochondrial fracticms.,

Estradiol wtake by uterine tissue has a low activetion energy.
The wpteke can take place at 20°C and it iszggtm:atable even wnder
hyperestrogenic conditions. However, estrogen retention in the

uterus can be saturated (Jensen et al., 1968). The uterus was
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found to have marked retention for estradiol. This retained
estradiol will stay for over 6 hours after estradiol taken up by

other tissues are depleted (Noteboom et. al., 1965), This latter
view lends support to the possibility of some binding. Later work
by Lyttle, et al. (1972) showed that the effect of estrogen treatment

on a rat could remin for 24 hours.

The possibility of estradiol binding to ribonucleic acid (RNA)

or degxyribonucleic acid (DNA) was ruled out by Noteboon: et al,,
(1965) because r_*‘ibonnclea«ses qo‘n‘ot«release bound estradiol,

Actihdwc‘in‘ D ‘d‘oe‘s‘ not affect estradiol uptake either.

Work by Gorski et al, (1968) concluded that there was a
specific binding protein., It is present in Timited quantities and
appears to have a strong affinity for biologically active estrogens.
The cytesol has a similar protein receptor. Estrogens are therefore
thought to travel 7t;hrough the blood styewm with serum proteins to the
uterus. It forms a 9.55 receptor - estrogen complex in the cytoplasm
and goes to the nucleus where it binds to a 55 protein. The estrogen -
protein complex (estroprotein) formed, is an activated form of the
estrogen (Szego, 1953).

Jensen et al. (1968) found a 9.55 factor that was involved in »-
the uptake of estrogen with the final formation of a 5S receptor
complex in the nucleus. The transfer of the 9.55 to 5S complex is
done readily at 379C pyt slowly at 20C, The process is therefore
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energy dependent and may be enzymatic. The final fate of the 9.5S
‘eoiipi%ex is not certain but there is the possibility of its either
being destroyed or broken down to the 55 complex.

'Tfeiavting {;hrémfitin with deoxyribonuclease (DNAse) and

. extraction with potassium chloride produced estrogen bound to'a

maeromolecule of 55 sedimentation constant on a sucrose density
gradient (Gorski et. al. 1968),

Spaziani (1975) later found that there was an initial binding
‘of estradfol to cytoplasmic proteins, the most signiﬁ{:dpt of which.
' is an oligomer which sediments at 8S on a sucrose gradient. The
bind‘l-ng is ‘spontaneous afid the bound estradicl resides in the mucleus

Shyamala et al., (“i96'9) alsp found that on administration,
estrogen moves into the c&top’l-asm and binds to a 9S protein, This
complex moves into the nucleus, but binding in the mucleus is not
specific. They had no évi-dence‘ to conclude whether the 9S receptor
‘entered the nucleus or not. -

“Tehernitchin (1972) found two binding systems in the uterus for
estrogens: The first is a cytoplasmic receptor in the 105,000 g
supernatant (85 - 5S) receptor systems and the second is the
eosinophil. The eosinophil receptors have a high affinity, great
specificity and a limited capacity for compounds with estrogenic

activity. The 85 « 5S ‘systemis responsible for the: genomic response
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which leads to RNA and protein synthesis and uterine growth,
Actinomycin D blocks this effect. Estradiol is the more active
estrogen for this system. The eosinophil system takes care of
the early responses such as water imbibition and histamine release
as well as estrogen priming on which actinemycin D has no effect.
Estrogen bound to eosinophil cannot be extracted with water but
estrogen in other tissues are affected by water extraction.

Work by Gorski et, al. (1968) showed that the uptake of-
estradiol 17B is ce@eu:;:i—vely inhibited by diethylstilbestrol
but this uptake is not affected by estradiol 17 a:

Shyamala et. al, (1967) found that when whole uteri were
incubated at 0°C there was an increased cytosol but little nuclear
binding. Incubation at 37°C resulted in increased nuclear binding.
Incubation at 0°C and then at 37°C resulted in increased estrogen
in the nmuclei and decreasing amounts in the cytosol, The 9.5S
receptor in the cytosol was found to have disappeared when the
uteri were incubated at 370C, Though no explanation was offered for
this observed phenomenon, it would be inferred from this observation
that the temperature-dependent binding may be an adaptation for
ensuring that the nucleus has a preference for the uptake: of
estrogen at the normal body temperature. It is not however, certain
what adaptive feature this view of increased cytosol binding at low
temperatures has,
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With the establislment of the presence of uterine protein-
estrogen-receptors, - the next problem that engaged various workers'
attention was. the nature of the binding protein and more specifi-
cally the nature of the binding site, King (197%4) reported that
‘celis., that are capable of responding to a particular stereid
possess a carefully tailored protein that will recognize and bind
that étemid,:and which can discern very subtle changes in.the
structure of the steroid. . These proteins are ‘the receptor proteins,
Jemsen ‘et sl (1967) shoved: that ‘the uptake of estradiol by rat:
uteri is destroyed by treating the tissue with sulfaydryl (SH)
blocking ‘agents such as Nesthjsmaleinide (NEO and phydroxymercuri-
benzeate . (PHMB), ‘Estradiol ‘that was’ previeusly incorporated was
released, This showed that SH. groups of ﬁmé;':rotein Teceptor are
essential to its ability to associate with estradiol. '

Human endometrium has also been' found to have proteins with
SH groups that have a high affinity and specificity for estrogens.
Thus uterine estrogen uptake occurs through a protein receptor with
a binding site having SH groups which interract with the estmgens;

~ “Werk has been 'done on the fate of progesterene but this has
been relatively recent,  lcGuire et al (1971) found & limited number
of receptor sites in rat uteri for the b‘i-ndingiéf progestational
hormones. ‘Binding could occur in' the cold and is therefore not

energy dependent. . It does not depend on cellular organization
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either since binding has been demonstrated in tissue homogenates.
Non-progestogens do not competitively imhibit this binding. Feil
et al (1972) made similar observations in rats, mice, guinea pigs
and rabbits. The receptor according to Milgrom et al. (1973) is
very stable even in the absence -of progesterone, and it has a half
life of five days.

The progesterone binding sites have been found to be low in
prepubertal rats but high in postepubertal ones (Ladeindeet al, 1974),
_The human myometrial progesterone receptor is under a dual steroidal
-inﬂuences Whereas estrogen increases the pmﬁeste"me binding
capacity, progesterone reduces this capacity. Nevertheless the
<plasma estradiol level does not affect the concentration of the
myometrial progesterone binding sites. It is therefore the cytosol
‘_estradiol level that increases the binding capamty by increasing
the concentration of - -the sites. The binding capacity has been
‘fomd to be inversely correlated to both the plasma and cytesolic
progesterone concentrations., The highest binding capacity of the
progestercne sites was observed to occur I;}.duringv the proliferative
-phase of the menstrual cycle (Kontula 1975 § Janne et al, 1975).

The progesterone binding sites are possibly activated by
estradiol (Ladeinde, 1974). Feil (1972) similarly found that

- estrogen treatment enhanced rat utgrine tissues® responsiveness to
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progestin. This cbservation suggests that estrogen regulates

the uptake of progesterone by the uterus, _
. ‘Intra~uterine Copper produces an inhibition in the uptake of
progesterone though it increases estrogen uptake in four weeks,
Copper may therefore have an effect on these receptors which have
been found to be specific for progestins. (Ladtinde et al, 1974).
It was found however that estradiol reverses this effect of /c0p§er,
‘and this further supports the work of Feil gﬁg; (1972).

SH groups have been found to affect the' mtegnty of the
‘receptor, ‘NEM reduced mefbinaing capaci;:y (Feil et a1, 1972).
"1’hese workers further supported the protem nature of the receptor
‘with the fmdmg that pronase destmyed progesterone uptake while
“RAse and INAse had no effect.

The protein receptor hds been found by Milgrom et al (1973) to
be under .dual control. There is a positive effect by estrogen which
‘requires RNA and protein synthesis, which occurred within 6-24 hours.,
The negative control is that by progesterone which caused an inactiva-
‘tion of the sites. Nuclear receptorsare inactivated faster than
Cytosol ones,

Progesterone metabolism takes place only after its binding
(McGuire et al, 1971), It is this bound progesterone-receptor

complex that moves into the mucleus to effect tramnscription after
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wh.ich thé cdﬁﬁoiex‘is‘degradea(Milé:om‘et al., 1973).

The effect of estmgens on uterine physiology at the molecular
level has been a popular toplc amongst many mvest:.gators “for the
past decade Though 1n1t1a11y there were differences of opinion

as to whether pmtem or RNA synthesm preceded the other as an
- :early estradiol effect on the uterus, the general view as at present
" seems to support an early RNA synthesis, This is then followed by
the synthes1s of pmtems that are responsible for the macroscopic
| ‘estrogen effects,. o

Hamilton et a,l (1965 § 1968) reported of the stmulatlm of
ntclear ribesanalwma (r-Ws) synﬂxes:.s by the uterus oh estrogen
admnistratim. RVA polyrrerase act:.w.ty is then stimmlated next.,

Hamlton (1968) femd that o estmgm stixmﬂ.ati.on, there was a
bmding of the hox:mme to dlmnatm in the nucleus, This bindmg
catsed P-RIA synthesis followed by an acceleration of riboscmal
precursor swnthem.s. This was transported to the cytoplasm with

nessenge: R\IA (m-mm) attached, New polyribosaomes accumilated
in the cytcplasm and these have different amino acid :mcoxporation
Properties than the older cnes.

Trachewsky et al '(1967) reported of an eshanced in vitro
 synthesis of guanine-rich and adenine-rich RVA which are poor in
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Billing et al., (1968) also fownd that the early effects
of estxadiol include the synthesis of all RIA fractions parti-
cularly r~R¥A. This view is supported by Rnowler et al (1971).
They in addition found that the RiAs are synthesised at different
rates with the synthesis of nuclear RVA occurring first,
Later work by Dengelo et al. (1970), Barry et al (1971),
Tuck et al (1972) and Muwms et al (1971) all support the earlier
cbservations that RiA synthesis preceded any other estrogen effects
in the uterus at the molecular level. - Glasser et al (1572) reported
an increased RIA polymerase activity 30 -minutes after an estradiol
injection. Trachewsky et al (1967) concluded from his studies that
estradiol may exert iﬁs.i:zfluenoe at the transcription level.
Raynaud-Jarmet et al (1971) studying the effect of iaonic
‘concentration on RIA synthesis induced by in vivo estrogen administra-
' tion concluded that estradiol promotes the activity of a factor which
-activates nucleolar polymerase. The polyrerase does not fimction in
high ienic concentration.
Means et al (1966) have reported that a small nunber of specific
KA molecules are synthesised within a few minutes after estrogen
aduinistration and these molecules support the synthesis of specific
proteins in early estrogen action, Within the first 30 minutes of
estrogen administration there is a depression of protein synthesis
but there is an increase after 2 hours, during which time RNA synthesis
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falls, Deangelo et'al (1970) similarly reported of a lag phase
in protein synthesis 40 minutes after estrogen administration,
with a rise in one hour,

Noteboom et al (1963} had earlier detected an increase in
rat uterine protein synthesis 2-4 hours after estrogen administration
and this was thought to have a part to play in the early estrogen
action on the uterus. The initial protein synthesised is of
specific type but this is followed by an owerall protein synthesis,

Barmea et al (1970) however found that the increased protein
synthesislwhich occurs after 40 minutes declines by 4 hours, This
view is supported by Spaziani {1975) who found that protein synthesis
increases after one hour, lasting till three hours.

Hamilton (1964) had a slightly different view which says that
there is an initial protein synthesis which initiates RiIA synthesis,
This sets the stage for the -more extensive protein synthesis which
is a characteristic uterme response to estrogen stimulation.

Estrogen treated uterus becomes increasingly permesble to water
and electrolytes. Water utake occurs within four hours and its
solid content increases within 20 hours after estradiol injection
(Szego et al, 1953). Estradiol will also stimulate sugar transport
into the uterus (Spaziani, 1975). These are long term estrogen

effects on the uterus and these have been found to be antagonised
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by progesteyone (Spaziani, 1975 and Szego, 1953)‘-. According to

Szego estrogen will cause a general proliferation of the uterus

resulting from protein synthesis,  Progesterone opposes this

effect, but #n appropriate dose ratio the two will potentiate

each other in uterine growth., He further found that uterine growth

affected both endometrium and myometrium, Miller (1966) reports

of antagmistic effects of estrogen and progesterane on adrenergic
Edelman (1975) has sunmarized the general sequence of acticn of

steriod hormones on their target tissues: The hormone is transported

by the blood to the target tissve into which it penetrates., There is

a sterecspecific binding to high affinity protein receptors followed

by a tesperature sensitive activation of the steriod-receptor canplex,

There is then the attacment of the active camlex to chromatin which

causes an induction of RIA and protein synthesis, This will eventually
result in the physiological expression of the induced protein (Fig. 3).
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CONTRACEPTION

The approved birth control methods in . use today include
certain practices, devices and cheimical agents that have been
found to be quite safe, effective and generally acosptable, Their
effects should be reversible so that vhen concsption or pregnancy
is desired, fertility can be promptly restored by discontinuing
‘the particular method in use. 7

‘Pxemaxmyoqcursas‘amsultofthemimofa'sp‘emﬁmtbe
ma]eandanovmfranthefe:mlefollcmngccpulatlm,andthe
subsequent implantation of #he fertilised ovum in the uterus.

" Birth control methods in practice at this time are basically
tos ' |

1) Pmmttmmim&mmdspemby:

| a) the use of mechanical barriers eg. condoms, intra
uterine devices and diaphrams which prevent the
sperms from getting in contact with the ova;

b) the use of chiemical means to inactivate the sperms
when shed. This involves the use of waginal foams,
jellies and creans, These may also provide same fom
of machanical barrier.
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c) theweofsurgimlnethodstoblockﬁmepassageof
ova into the uterus through the fallopian tube in the

female, or the passage of spemms through the sperm
duct in the males - Tubal 1igation”in female$ and "'~

vaséctomy_in males.” .. .

2) Create an wfavoursble condition or enviranment for the full
development of the ovum, prevent ovulation and also implanta-
tion, This latter method makes use of the sterdtd contracep~
tive which is camonly called "The Pill®,

The pill has been found to be the most effective contraceptive
Rugh (1968) has reviewed the frequency of
failure of various contraceptive methods being

used by 100 women in a year, as shown in the table

belowg
HMethod % _Failure
The Pill 0 - 1.7
EsU.D. 2.5 = 5,5
Condams, Caps Foams, Jellies 14
Coitus Interruptus 17
Safe Period '(Rhythm) 38

Douche (post coital) 40
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The effect of the pill is made possible by the fact that
it prevents ovulation, but if there is ovulation,implantation is
pzevented. 'm:.s:.s made possible by the presence of estrogen and
progesterane, which as has been discussed earlier, prevent the
productimof!‘sﬁandmrespectivelymmin large amounts and
therefore prevent ovary development and it subsequent rupture
(Ristner, 1969). |

a) carb:.nat:m type; which contains estwogen and progestin
throughout the course of 20 or 21 tablets: and

b) Sequential type; which has estrogen in 14 - 16 tablets:
followed by the cambination in the rest of 7-5 tablets
respectively.

There are many different brands of contraceptives, the differences

depending on the estrogen and the progestin contents. Examples of some
oral contraceptives are shown in Table l..
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TABIE 13 SOME ORAL M'I‘RACEPTIVES
rade Nes Progestin Tablet Eornge Tablet Steroids (mg) .
Fnovid 10 Norethynodrel 9,85  Mestranol 0,15 10,0
Norinyl Norethindrone 2,0 Mestranol 0.10 2,1
Oracon Dimethisterone 25,0 Ethinyles- ,
tradiol 0.10 25,1

Ovral Norgestrel 0.5 " 0.05 0.55
Provest Medroxypro- ‘ "

s ' 10.0 0.05 10,05
Ovulen Et odiol : 4

ool 1.0 Mestranol 0.10 1.10
Anovlar 21 Noresthisterone 4.0 Ethinyles-

acetate tradiol Sl 4.05
Eugynon dinorgestrel 0.5 b 0.05 0.55
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mﬂxecad)ﬂxatimtypethenajnactimofﬂneestroggnism
prevent ovnﬂatim (Pugh, 1968). The progesterane cmv'pment alters
the d:aracter of the cervical MUCIAS, making it thus mpemeab]e to
spems. Progesterone also produces a hypoplastic amdmnetnmn which
is weuitsble for implantation.” ..;, Tos sequential p:l.lls mainly
:thlblt wulat:.on with some secondary md:.flcatmn of the erximetn.mv.

‘A WHO report (1971) has however emphasized that the nedlanism
of act:l.m of the cantraceptive steroids was incawletely wnderstood,
This statement is still valid today. Tt is not certain, hovever,
whether other effects of these cowrpounds also contribute to their
desued actf:icn, nor is there complete wnderstanding of the mechanism
of action éf oral contraceptives that do not inhibit wuhﬁm.

Other drugs are being %@l@ed that have s:.mllar actions (Pugh,
1968). Chloymadinones is a progestogen taken daily (300 mg) and it
has almost 100% contraceptive action. It produces a st:ick;‘( and thick -

cervical mucous that forms a barrier to sperm entry to the uterus. This
dru_:;"hcwevgr causes a lot of bleeding, The endometrium is also made hypo-
plastic,

ﬁ'nere is also ieladroxate. This is given as a monthly injection
of progesterone acetcphenide (150 mg) on the $th day of the menstrual
period, and it has also been found to be very effective, The gestagen

hormonal contraceptives are also nmﬂlly,ﬂmee-or six-monthly inject-



tables which have progestin effects. (Llewellyn-Jones, 1978).
There are oral fomms of it as well.

There are other types of contraceptive that have lactose or
iminhexpolated’_.

ne advantage of the pill is found in its use as a treatment
. for endometricsis wﬁich is a possible cawse of infertility(Kistner,
1969) .

The pill camot be said to be without any disadvantages. Various
workers, however, do not agree on whether it cavses some disease condi~
tioms or it anly aggravates already existing omes. Stoll et al. (1966)
have detected hepatotoxic effects caused by the progestin component.
The hepatocellular damage is detected through a raised serum glutamate
cxaloacetate transaminase (SGOT) levels, Iarson-Cohn (1965) also found
a raised serum glutamate pyruvate transaminase (SGPT) level as well as
the level of SGOT and alkaline phosphatase. There was also brawosul-
phthalein retentiom. Similar findings were made by Carlstrom et al.(1965),
Eisalo et al, (1965 & 1964) and Pava et al. (1964). Sotanieni et al.
{1964) dat:ecbed cholestasis which ocourred as a result of hepatocana~
licular damage. In all these cases the withdrawal of the pill caused
a return to normal conditions, Pugh {1968) has also reported thrombosis
in women with sickle cell disease. Urban et al. (1968) hageattributed
liver dysfunction to mestranol (an estrogenic camponent of the pill)
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“while norethinodrel (a progestogen) has no effect.

The firequency of benign dbreast disease has been negatively
associated with the dose of norethistercne acetate while there is a
positive trend between this progestin and hypertension (Royal Coll.
Gen Pract., 1977).

Swyer et al. (1965) found no pathologically high values of SGOT,
SGPT, alkaline phosphatase, bilirubin or bromosulphthalein retention
in women on the pill, The same results have been shown by Borglin
(1965), Linthorst (1964), Rice-Wray (1964), Swazb (1964) and Tyler
(1964). One cannot therefore make a definite conclusion on the
effect of the pill on liver function since there are these definitaly
divergent views on this topic. Work py Taylor (1971) has also shown
-that recurrent jawndice of pregnancy may be related to the presence of
natural estrogens as well as the administration of steroid contracep-

tives.,



ne needs to define the terminology employed with veference
tn the fmc‘timﬁéf anti-malarials. This has been done by a WHO
conmi ttes GMQ;;‘DG?M

~a) % ressive treatment: 'ﬁ-u’.s is a rreatwent aimed at

suppressmg or. ehmmatmg climml swptms and/or |
, parasltamna by ﬁne early &astrwtlm of eryﬁumcyuc
:-Pam:lms' ‘ It does zwl: newsamly pxewnt or elum.nate
:mmfectim. Overtnalaﬂamy c'sevelopafteramg |
wiﬁlﬂxwal.
D) | Bad:.cal mauzmt. ,'Ireamnt to amwve radical cure.

mswphwﬂaeuseofdmgsmuchdestmyﬁxeseemdary
 tissue s@ges of the pafrasma.
L)) m laxiss ,"'Jhisrisa complets prevention of the

foms of the malaria parasite. -
‘e pharmacology of chloroquine has been yeviewsd by many
workers notably Olatunde (1971). Having such trade names as Avoclor,
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Mivaquine, Resochin and Malarex, chloroquine is a potent
schizenticidal anti-malarial agent, It is a drug of first choice
in the treatment of an evert attack of falciparum as well as other
species of malaria in man,

The benefits derived frem this drug is not limited to the
treatment of malaria alone, It is frequently employed in the treat-
ment of certain collagen diseases such as rheumatoid arthritis (Geld-

{iaaﬂamzeutqn.1957)-.lt alsé:éﬁjnys a good record for the treatment of extrain-
testinal amoebiasis (Cpnan 1§38;.and Lane 1951). It has also been
found useful in the treatment of epilepsy (Burns, 1966). Takyi et
al (1972) and Ijaduola (1977) report of its use as a lecal aneasthetic
for surgery. The treatment of hypercalcaemia in sarceidesis has g]so
been-lccompzished.with‘chloroquine (Hunt et al, 1963).

Chlerequine is a'ﬁynthetic drug; it is a derfvative of the
4-am1nq-qu1nelines‘wjth the formular: c]a”ZOCIN3- Chloroguine may
exist in the salt form as the diphosphate or the sulphate (fig. 4).
Chloroquine is dispensed as white tablets which are taken erally, or
as solutions for injection, The tablets are odourless, have a bitter
taste and slowly decolourise on expesure to light. Chloroquine is
freely soluble in water, and an aqueous solution has a pH of about

4,7, It is however msoluble in alcohol.

Chlorequine diphesphate may be prepared by condensing 4-diclors-

quinoline with 1-dimethylamino-4-aminopentane, The resulting base is
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_ treated with phosphoric acid in methanol (Surrey et al, 1946)., The
colourless igpystals that separate have a melting point of 193° .
2180c, ..

 There are three routes for chloroquine administration: oral,
intramuscular vanld‘ intrave,nous:.._ ‘When: a-dminisytergd o‘ra‘l]y. a.dequate
levels are reached within 2 hours while intramuscular administration .
takes 15 mi,nu:tes-; to reach vade}quate loyels. m th intraveqous a.d’xnjn.is-,’
tration the effect is in;l’nediate (@elliﬁfe, 1‘966). Since the oral |
route is too s'lon. the 'latter two methods are recomnended in emergen-
cies such as cerebral ma'laﬂa (Giﬂes. 1966) The intravenous adminis=
tration needs 3 Httle d11ute so'lution given slwly if side eifects
: such as convulsions, co'l'iapse and death are to be avoided. Chloro-
quine hydrochloﬁde can be adm'lmstered 1ntravenousl,y either by
syrmge or dﬂuted with sa‘hne and given by infusion (Scott, 1950),
This és a mthod of cnoice 'in falciparum treatment due to *H;s h1 gh
‘degree of therapeutio efficacy, This method of a»dm1nistrati on,. however,

causes some of the lmediate s1de effects | ( T ": such

as nausea, d1zz1ness, vomttmg, hazmess of vision and drawsiness.

Stow administvatmu wﬂl also mmimise the depvession of systolic

blood pressure--an effect of short duration. /Gﬂm & P”e“°"(1957 ) alse
reports of'a better tolerance of hydroxych!oroquine, but there could

still be anorexia, nausea and difficulty in accommodation by the eye.



Them 1_5 a sjm" 1’.,3"' repﬂrt by N‘et@*cai @dﬂ‘ (1956).

Chloroquine is a cumulative drug which reaches higher and
higher levels in tissues in the course of prolonged usage (Chinyanga

a “1971). It is therefare the tatal anmmt of the drug taken that

' >is iMrhnt and not the 'length of the period of admin‘lstmtien. The
‘ 'nom‘l ural dose of ch'loroqume far ma’laﬂa treatmnt 1s 25 mg/kg
r_vbody weight (Chinyanga et al, 1971) In the ad&ﬂt, the treatment is
made up of an inituﬂ 600 mg g:hlemqume base fo'l'lowed by 300mg.

68 hom's 'Iater on the same day. and on two successwe days (Lewis. )

,_1974). ~For pmphylactm purposes - 5 ‘mg/kg body weight (chinyanga et al,
1971) or 300 mg base (WHO, 1963) is takeu once week'ly. For the

suppressiem of malana a dase of 500 mg 1s admmlstered on the same
day of each week. For the treatment of an agute attack of mlaria
an initial dose of g 1s adm‘lmstered followed by 0.5g after 6-8

hours and on each ;pf two consecutive days (Laurence, 1968). For an
intravenous qdminfstration 0.5 mg/kg body weignt is gﬂen slowly at a
c’dnc'ehtratiaq of not more that 1 tﬁg/uﬂ. This is then followed
, imdfafe'ly by an %ntrat;iuséu’lér injeéti on of 4.5 mg/kg body weight
(Jeﬂiffe. 1966).

I;h’wroqnine is rapldly and a'lmast conp]ete'ly absorbed from the
" gut when taken by mouth (Laeb 1946)« Less than 102 is egested.
The rate o,f abserption suggests that albsorption takes place mostly
in the stomach and upper small intestines. Olatunde (1971) suggests
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that the efficiency of absorption from the gut dees not call for
parenteral administration except where such a method is marked by

conditions like vomiting and unconsciousness.

Chlorequine has a very wide distribution in the body, having
o strong affinity for-melanin-containing cells and tissues (Sams
4Epstein, 1965), such very high levels of tt:z drug have been found
in occular tissue in pigmented rats (Rubinﬁl?%)‘. Other tissues
that have been found to take up the drug include the tiver, heart,
R —— ute,.usl Knex & Ovens1966, & Nolsen & Fitshurgh, 19L8).
In all these cases, most of the drug was reported]y stored unchanged
Grundman et al, (1972) similarly found chloroquine to be present, accord-
ing to the order of decreasing tissue concentration of the drug, in
suprarenal gland, kidney, spleen, liver, lungs, ileocoecal gland,
heart, muscle and brain. They found that in all the organs, with the
exception of muscle and brain: a maximum chloroquine content was
attained between the 10th and 16th week during continuous daily
administration over 24 weeks. This level stayed with no further change
up to the 24th week, It was only in the muscle that the chleroquine
concentration increased constantly during application of chlorequine
over the whole period. Red blood cells containing chloroquine sensi-
tive malaria parasites have been found to concentrate the drug to higher

levels as compared to uninfected cells (Macomber et al, 1969). Chloro-
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quine 1s storodu in the, 1iver parenchymal cells where high concentra-
tions may bnﬂd up, thus providing storage: facilities to prolong
drug action. ‘ ‘ e,

Chloroquine binds to p'lasna proteins to the extent of.55% (
Berliner et al 1948).1 Parker & Irvin (1952) have also shown that
chloroquine has some affin'ity for the hi gh'l,y polymerised. deoxypentese

nucleate and nucleoprotem of beef sp'leen. It has actually been
‘confirmed that chloroqu‘ine coubines with DNA (Knmich, 1956). This

has ‘led to the 1dea that such binding determines the distribution.
of the drug 'In Yyivo especia]]y in tissues that take 1t up..

The metabolism of chloroqu'lne has been investigated by Titus.
et a't (1948) Two processes of detoxification were identifieds The

'first invo'lved conjugatxon to a uronic derivative, while the second.

was the successive remova‘l of the side chain groupings down to the

qumoline nucleus (ﬁg. 4), which remmed intact. The de-ethylated

deri vat1 ve has been found to be the . major derivetive (McChesney et al,

1954), but other intermediate products up to the quinoline group have

been detected by Kurod& (1962) | ‘

The urinary excretwn of chloroquine is slow and discontinuous

J(Zanu &Bomtu. 1959) Three to five years after the last injection of

chloroquine, patients were found excreting the drug ‘in urine, and

they were also found to have measurable concentrations in the blood
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(Rubin et al, 1963). '%ﬂ“”' &owens(1966) similarly found that the
slow,excretfon.of chloroguine persists for years after its ingestion,
This was supported by the findings of Burns (1966) that there is the
possibility of chleroguine retinopathy‘ygars;after the didcontinuance
of a chloroguine therapy. 'The proportion of drugs and metabolites
excreted in the urine fbliqwing‘daily‘administration of chloroquine
to man has been deteymined by MéChesney et al (1966) as 60% parent
compound; 37% de-ethylated cémpOund and 3% offthe'others,‘

MODE_OF ACTION |

It has been: suggested that tactate production by the actively
netabo]ising ma}aria parasites decweases the pH of the red bleod

ceTl. The‘decreased pH inside the ge]]‘wil] ereate a H+ gradient
across the cell mewbrane., This change fn gradient across the cell
nembrane facilitates the entny of the drug (Peters, 1970) Upon
reports that ch]ornqu1ne could fbrm/a coanex with certain porphyrin
derﬁvatives of haemoglobin, Macomber_g}_gl. (1967) suggested that

it was actually the concentration of ghloroquine by such a pigment in
the parasite that formed the basis of the action of the drug. Homewood
gg.él (1972) have postﬁ]ated that chloroquine acts by initially ratsing
the pH in the food Qacuole of the parasite. This veduces the digestion
of haemoglobin by the parasite and thus prevents its growth, 1In this

connection they explain that the impotence of the drug on sporogonic
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and exoeryfhmcytic s,tage§ of the parasite is due to the absence

of digestive vacuoles.

Parker et al (1249) first reported the interaction of
chloroquine with yeast RNA: They later showed that chloroquine
interacts with nucleic acids when they demonstrated its strong
binding with the highly polymerised deoxypentoss nucleate and
nucleoprotein of beef spleen «(Pﬂrk!l' &Iyvin,1952), - Kurnick &Badeliffe
(1962) found that the enzymic depolymerization of DNA is retarded
or inhibited by chloroquine binding, The binding is a result of
electrostatic forces invelving two separate portions of the PHA
molecule and the chloroquine(Gehen &fi.lm,;gsg),mis formed the
chloroquine~DNA conplex. 7 B

Clak &Hahn(1966) concluded from their studies that a molecular

complex is formed with DNA and this makes DNA incapable of its own
replication or the transcription of RNA. There is a rapid degrada-
tion of ribosomes, and protein synthesis inhibition occurs as a

secondary effect,

OTHER EFFECTS OF CHLOROQUINE

Hellerman et 2l (1946) performed experiments which showed that
chioroquine and other related compounds fnhibit d-aminc acid oxidase

strongly at low concentrations of flavin adenine dinucleotide (FAD),
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but only slightly at high FAD concentrations, This suggests an
inhibition by competition with FAD for the protein.

On the effect of chloroguine on respiration Fhmx &Owens(1966)
reported that it is a potent inhibitor of reduced nicotinamide adenine
dinucleotide phosphate (NADPH) - cytochreme ¢;reductase.  Stergids
inhibit the same step in the respiratory pathwaﬂ(zu.iding émoﬁk;in.1959)-
Whitehouse (1963) and Whitehouse et al, (1965) hﬁwéver showed that
Oxidative phosphonylation is insengitive to chloroquine.
In the treatment of dermatelogic diserdersgﬂﬁ1ﬂmnn &P*59t°n(f?57) zwﬁort%d
of the drug's interference with the metabolic activities of hexokinase, |
As indicated earlier chloroquine cannot be said to be without
toxic side effects, It imy oﬁcasiona11y give rise to headache,

gastrointestinaT disturbances and blurying of vision (A]vinggg_gl,
1948), Permanent loss of vision from retinopathy may be the most

serious sequel of prolonged chloroguine therapy (Burns, 1966). Cases
of severe muscular weakness (neuromyopathy) have been reported (Loftus,
1963 & Du Bois, 1956). Scott (1950) reports of the lowering of blood

pressure on intravenous administration. Chinyanga et al (1972) have

reported that chloroguine induces respiratdry depression. This is
also reported by Kjaer, (1955). There is difficulty in breathing
and swallowing, analgesia and paresthesia of the face and neck.

Chloroquine has an anticoagulant effect (Takyi et al, 1972). It was
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found to cause bleeding at a 1% concentration. Low chloroquine
concentrations have a specific antioistal‘ni‘né effect '(Akubue‘. 1975).

It is therefore not likely that thé pruritic reaction in chloroquine
sensitive persons is a result of histamine release, A similar report
was wade by Olatunde (1970). He stated that chloroquine interfered
with the histamine induced contractions of isolated guinea pig ileum,

" He observed that chlorequine has a wide variety of direct spas-
mlyﬁc‘ effecﬁé on smooth muscle. Cﬁinyango;e_t;ﬂ (1972) corroborate
th'io with their obséﬁatfi'on that chloroquine causes a depression of
musele contractwn. Tnis cccurs because ch-io't"o'q'uine'has- a depressant

effect on nenromuscu'lar transmission and Finally b‘locks ite

On the uterus and uterme physiology. there have been vanous
reports on the toxic ef’fects of chlomquine. :anun &Fitzhnrsh(19h8)
fed albino rats for two years uitb chloroquine and the observations
they made include the presence of brown uter'l. There was a slight
increase in the uterine fat, Kurahtsi.n-&lri s et al (1972) oboerved
that low doses of chloroquine increase the magnitude of contractions
of estragen primed guinea pig uterus in _vi!:!_q This declined with
higher dose. Engmann et al (1974) mpofted that rats given chloro-
quine injections for 6-20 days had aborted foetuses. The tendency
to abort increased with 4 prolonged treatment. More established
pregnancy is however difficult to be dislodged. A similar observation

has been reported by Bentsi-Barnes (1977) in a human female.
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It is estimated that cut of every four or five pregnancies in
Ghana, one ended in abortion. The Korle-Bu Hospital is reported to
treat about 3,000 abortion cases yearly, half of these resulting
from spontaneous abortion or miscarriage (Ampofo, 1377)., The
effects of chloroquine cannot be ruled out as part of the cause of

this hign incidence of abortion in Ghana, bearing in mind its wide

usage and its toxic effects discussed above.
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UTERINE PEROXIDASE AND ESTROGEN IMACTIVATIUN

The bulk of estrogen ‘as viell as--other steroid hormones’

breakdown > Occurs in the liver. What happens to the estrogens that
get into the uterus for the functions that “have been discussed
above? How are they inactivated when their action should cease before
they are transported to the liver? Answers to these questions were
paftial'ly found by Lucﬁs et al, (1955). These workers found that
estrogen stimulation of the utetrus produced a remarkable increase in

" peroxidase activity in its _

‘Peroxidase (donor: Hzﬂz oxi do’:rdgductase - EC 1.11.1.7) is a
haemoprotein (Archer et al, 1965). It is present in both plant and
animal tissues. The wost well known plant in which it occurs is the

- horseraddish. In the animal k’in'gdomf(RNtomwa &’Eeir.1961) report of
the presence of peroxidase in mammals, and four mdin types of Efoxidase
have been identified. These are: a) Lactoperoxidase (b) Myeloperoxidase
(¢) Hepatic peroxidase and (d) Labile thyroid gland peroxidase. Mammals
whose tissues have had peroxidase isolated from them include rats, mice,
hansters, guinea pigs and humen beings knytt1. &DeBoubre, 1977 ).The
highest peroxidase activity has been démonstrated in tissues that

exhibit cell renewal., These include the stomach, spleen, uterus and

the lungs (Neufeld et al, 1958), The others are the intestines (Rytomoa

et al, 1961) and the vagtria (_;ayttle et g, 1977). Peroxidase in these
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- tissues have been found to be associated with eosinophils
(Avoher &Rirsoh,1963); Fahini 1970 & Brokelman 1969), epithelfum
B (Brokelmann, 1969), rough endeplasmic r;e‘tic.ulum of the endometrium
 (Chuzg &andsraon, 197h)s, tnypoid follicle (Strum et al, 1970) and rat
Tiver Kupfer cells (Fahini 1970).

Horseraddish peroxidase has received a lot of attention amongst
workers. It is reddish brown in slightly acid selution and has
mﬁhaeém_g,}abin type absorption spectra with four bands at 645, 583

and 498nm (Keflin et al, 1937). The alkaline form has its bands at
583 and 8§49 nm, These spectral characteristics shaw'the‘ presence of
a ferric ion, When treated with sodium thiosulphate which reduces the
haematin, the peroxidase solution turns ved and the spectral bands shift,
Hp0p does not affect the valency of the iron. This is because sodium
thiosulphate will still produce reduced haematin spectra after the
peroxidase solution has been treated with Ho0p. Similar properties
have been found for mitk and eosinophil peroxidase haematin (Archer
et al, 1965).

Rat uterine peroxidase has a molecular weight of 40,000, with a
half life of 4 hours (Mciabb et al 1975). It works at a pH optimum
of T.l(Jellinck &I#winng&g)*} and has a Km(H,0,) of 4.5 x 1074 M
(Archer et al, 1965).

The action of peroxidase has been found to be affected by a

number of substances. These include inorganic ions and compounds,
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phenolic groups and other organic compounds . ;‘Hollandeé &SttM-
(1959) reported that horse.rjaddish peroxidase is stimulated by
HZOZ and Mn2* and requires phenol as a co-factor., It is‘inhibited
by CN", Cu?* and catalase. Azide was found to have no effect on
horséraddish b_ut it i nhibited 30%. of ut_er-ine péroxi dase activity.
Phenolic substancgs have been 'genera'l]y found to stimulate perexidase
reactions (Klebanoff, ,19‘611).‘ The phenol 'is thought to be converted
to the quinone before its effect is shown (K'Iebanoff, 1961), Thyroxine
, wi'l'l stimulate adrenaﬁne and norh-adnenahne, uric ac1d and ascorbic
.acid exidation by peroxrdase. "MADH and NADPH ox1dat1on are similarly
-@ffected, The reactwns are 1nh1b1ted by potasswm cyamiée. sodium
azide, excess Hgﬂz (Klebanoff, 1959), cysteine and other heavy metal
- @nzywe inhibitors i(mzawa &Conn, 1958). Cata]ase has also been found
to inhibit peroxidase readiions (wi 1lianSAAshnﬁn et al-; 1959 &
"K'lebanoff 1960). Ascorbié acid is also reported to inhibit H2°z

generat on by peroxidase (J.llimk &pl.teher' 1970).

| Peroxidase ordinari 1y catalyses electron transfer. from donors
to Hy0, with the donors undergoing a free radical and related reac-
tions (hkmon et al, 1957). Pemxidases h&ve been found to act as
oxi dases in various reacti onsos‘udiu &Theorell({1940) conc'luded from
their studies that peroxidase could act differently with different
substrates. This came as a result of the ability of the enzyme to
oxidise dioxymleic acid with the spontaneous production of Ho02\
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iieyfeld et al (1958) later found that peroxidase may suosiitute
for oxidase in oxidative wetabolism of preliferating tissue,
Peroxidase may acquive oxidase activity under certain conditiens
as found in the oxidation of dihydroxyfumerate, aevesic Lydroxylae
tios of arcmatic compounds {iason et 2!, 1557} and asrobic oxida~
tien of reduced nucleotides in the presance of dichliorophensl,
This reaction that has been effected with horse-reddist pevoxidase
occups in the presence of [+ (Hollander et al, 1953} Jellinck
g&Im (1gé§)1 reperted that vterine homogenates with z high MADH
oxidase aﬁiivityhad no peroxldase. This is just the comverse of
the repert by Heufeld ot al (1958) that tissues with a iigh pevoxidase
conient have a lew cytocurome exidase comcentyation. Jellinck &Irwiﬂ
{1961) reported that horsereddish perexidase acts as an aerebic
onddase which can utilize tryptophen to produce %1292, Estradiol,
uhich is a phenolic compound, is capable of hydrogen tvenspert for
4hlH and HADPH oxidation caalysed by pevoxidases. (entan a.nﬁ M
(1953) reported that in the presence of Mn¥, peroxidase exidises
oxalate, oxaloacetate and ketowalonate, with the forwation of Hylpe
Indole acetic acid 15 also exidised by peroxidase (?&mhiaaiﬂanf&mymé
1356).

The importance of paroxidase in wtevine physiolow sterted to
come to 1ight when in 1955 Luces et al reported that upon estregen

stimulation the wterus .produced a remarkable increase in peroxidase
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activity, The magnitude of the response depended on the concentra-

tion of the hormone, and the enzyme activity was maximum 72 hours
after the estradiol injection. The work was done with ovariectomised

rats which had a very low peroxidase activity.

|
Iyttle &Jellinek(1972a%p) have shown that peroxidase activity
which is either very lo;v in or absent fpom immature rat uterus is

indiced by estrogen or physiological deses of preganant mare serum
gonadotrophin, These findings are further supported by Mcliabb &Jellinck
(1974) who similarly found that peroxidase activity increases on
estrogen treatment. Anderson et al (1975) found that administration
of estradiol and diethylstilbesterol induced the synthesis of
peroxidage in the vagina, .’cérvirx and uterus. The S,y‘nthe's,ifs is
specific since it is neither induced by testosterone nor progesterone.
They further went on te state that peroxidase is a consistent marker
for estrogen dependent tissues. The cycle of peroxidase synthesis
and secretion coincides with the estrus cycle of mature rats and that
of immature or ovariectomised rats after estradiol or diethylstil=
bestrol injection., A similar result came from the work of Lucas

et al (1955) which showed that human endometrial scrappings contain
peroxidase activity. The level of enzyme activity varies with the

stage of the menstrual cycle. | Lyttle &DeSombre(1977) have nuppnﬂe&
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this further by finding that uterine peroxidase is a good marker

for estrogen stimulation of growth. They found further that there

is'a gfmh related increase 'in peroxidase concentration to growth
respons1ve “tissues of the uteris ‘and’ vagina. ‘Rat mammary - tumours ; |
that are estrogen dependent have al$o been found to produce peroxis
::\dase (DeSombre g} 3]; 1978), v

{ Iyttle adellinek(1972s) established that estradiol-indiced
perox1dase activity persxsted for only 24 Bours while the activity
reached maximum in 26 hours after estradio] 1nject1on (Lytt]e &noSombr;
a 1977b) Churg et al (1974) also keported from histochemical studies

- that peroxidase proddctlon OCCUrS 2448 hours after estradiol injection,
" There have been varlous reports that uterine perox1dase can degrade
esfrogens 4n yitro to inactive water soluble compounds. Klebanoff et
_gl‘(lgso) repbrte& that estradi01 is thus oxidised by peroxidase, This
has been shqwn to occur in the presence of NAD, NADP and thyroxine,
Hy0, can be formed if it is not present, and used in the reaction

which is inhibited by catalase, and accelerated by an added Ho0g4
WJellinck &Irwin(19614'62)( ~ and Klebanoff et al (1961) report of

the conversion of'estrene and estradiol by peroxidase to water soluble
compounds. The reaction involves an initial Ho0, generation. There

is a naturally eccurring peroxidase reaction which increases the bind-

ing of estradiol to uterine tissue covalently (Brokelmann, 1969).
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;’.Lﬁﬂe &Jellinek(1‘972a&ﬁ)») have also found that the peroxidase is
able to convert e.st‘rad‘io? to water soluble products in vitro,
Peroxidase increases estradiol binding to other high molecular
weight substances in the presence of Hp0p (Jellinck et al, 1971).
They went on to suggest that any estrogen ‘t/ha't forms a complex with
a receptor protein is protected from degradation till its role is
accompHshed. Degradation may then occur after its pelease,

Since ‘es;trogen inactivation occurs with Hy0, as a co-substrate
there is the need for an adeqguate and perdodic supply of Hzo'2 in
the system. The body has various’ H202 generating systems that could
cater for th'is need, R

One process that has been proposed by Jellinck __e__'g al (1970)
makes use of glutathione (GSH) in the presence of oxygen; The

reaction is inhibiied by cyanide and ascorbic acid:

265H+0 PEROXIDASE
ER S A A GS=56 .
2 65-56 + Hy0,
Klebanoff (1965) has also implicated G6PD and NADH/NADPH in another
process:

NADP + G'IucoseE-Phosphate'»:'--.GEE-D--) NADPH + WY + 6=Phospho~

gldconate,

b
HADPH + §* + 0y _PEROXIDASE ~> NADP + Hp0g.
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A third process involves glucose oxidase (we;t :eiﬂ. 1966) ¢
Glucopyranese + 0, —GLUCOSE OXIDASE ., Gluconolactone + Hy0p.

de
A mechanism for the degration of estrogen in vitro has been
suggested (Jellinck et al, 1970):

EOH + Hy0, _PEROXIDASE o (EQ)* + H)0 + Ho*,

(E0)* +48H +Ho* _Non Enzymic 5 GS-E0 + Ho0,

GS~-EO is thought to be the water soluble inactivated estradiol (E).
There is however no evidence for in vivo inactivation of estrogen in
the uterus,

The ability of peroxidase to degrade estrogenS-fnvvitro
has led to the suggestion that the peroxidase induction in the
uterus by excess estrogen may be a possible adaptive mechanism to
limit the duration of estrogen action in the uterus (Brokelman, 1969
and |MeNabb &Jellinek,197h)s

Based oh the above reports and deductions, peroxidase activity is
being implicated in the effective action of the oral contraceptive,
through the degr;giun of the estrogens present in the uterus. This
action will therefore prevent ovum development and ovary rupture, both

being processes that are necessary for conceptiond
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Uterine peroxidase has also been suspected to have a simi_lar
bactericidal action in the uterine fluid as exhibited Sy sa]‘lvéry-.
neutrophil- and 1acm—permgidase;(churg &Andersen, 197),). Anderson et
al (1975) have also suggested. a ppssib-’le spermicidal role for peroxi~-

dase in the utei'us.
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EXPERIMENTAL PROCEDURES.

B e o

TERTA

Animals: 21~28 day old immature female albine Holtzmann rats

weighing between 40 and 100 g were used, These were obtained from

the Biochemistry and Animal Scfence Departments, Legon.

Reagents: \Es:trod:i!q‘%l Wﬁ) cycloheximide, puremycin, chleroquine
diphosphate and bovine serum albumin were obtained from Sigmma
Chemical Company, U.S.A.; Anoviar 21 .made by Schering Chemicals Ltd.,
Sussex England, was cbtained from local chemists shop.. All other
reagents of analytical grade were purchased from BDH Chemicals and

M & B Ltd., England.

Unless otherwise stated in the text:
Chloroquine refers to chloroquine diphosphate,

Estradiol  vefers to estradiol 177 and

Anovlar refers to anovlar 21.

METHODS

‘A, PREPARATION OF REAGENTS FOR:

1. Treatment of animals:
a) Saline - 0,9%; 0.9g sodium chloride was dissolved in,
and made up to 100m1 with water,
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b)

»

e)

f).

B+ Ik

Estradiol - 0,01 mg/ul; 1 mg estradiol was dissolved in
2ml methanol and made up to 100 ml with 0.9 saline,

Anovlar 21 - 4.0 mg norethistercne acetate and 0.05 mg.
ethinylestradiol per tablet,

-'Ch‘loroquine -2 mg/ml 0,29 of the diphosphate salt was

dissolved in saline and made up to 'IOO mi.
Cycloheximide - 0.5 mg/ml; Img was dissolved in 2ml saline.

Puromycin - 0.4 mg/ml; Img was dissolved in 2.5 ml saline,

Enzyme extract‘ion and’ assay: i

a)_

b)

c)

d)

Sucrose - 0.32M with ‘lnM Mgc’lz, 5 359 sucrese and O. 10!59
MgCT were disselved in water and made up to 500 ml

Orthe-Dianisidine - ‘i%, 0. O'Ig was dissolved in lml methanol
This was prepared fresh and kept in the

dark.

Hydrogen peroxide - 0.3mg[m1;. 0.1m1.30% Hy0, was made up to
100 ml with water.

Sodium phosphgte buffer -_Q.ON, va‘G.O; 7.164 ¢ disodium mono-
hydrogen phosphate and 3.121g sodium di-
hydrogen phosphate were each dissolved in
100m1 water separately. 6.15ml of the
disodium monohydrogen phosphate selution
was then added to 43.85m1 of the sedium

' dihydmgen~MOsphate solution. The
mixture was made up to 100 w1 with water,
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3. Protein determination:

a) 2% sodium carbonate in 9.1N sodium hydroxide; 0.4g sodium
hydroxide and 2g sodium carbonate were dissolved
in water and made up to 100 ml with water,

b) 0.5% ‘copper salphate in 1% sodium potassium tartrate; lg
. copper sulphate and 2g tartrate were each

dissolved in 100 ml water. Equal volumes of the

two solutions ‘were then mixed,

¢) Standard bovine serum albumin - 0,2mg/ml; 2mg was dissolved in
10 ml water. Serial dilutions were made for a
standard curve.
d) Alkaline cgpér tartrate; solution (a) was added to solution (b)
“ 'v_in the ratio of 50:1. This was prepared fresh.
e) Folin Ciocalteau reagent; Stock diluted with water 1:1.

EB. GENERAL METHODS :
The animals were put into groups of three in cages to receive

the various treatment described below, After the treatments the

uteri from animals in the same group were dissected out and pooled
for peroxidase extraction and assay.
Where anovlar was being admi\niétered. each animal was given one

- tablet in an aqueous suspension by a medicine dropper.



55

Ch'lio‘mquin"e,\ e:stra:diéi. cycloheximide and puromycin were
administered by an intramuscular fnjection in 0.9% saline. This
dose, based on the work of Lyttle et al'(1972), is shown in the
table below: ‘

Treatnent ' olume (ML)
Estradiol . 2ug ,, 0.2
Chloroquine 2mg 0.2
Cycloheximide o 120“9. 0.2
"Puromycin -+ 100ug ? 0.25
Saline (control). 0,92 ‘ 0.2

Fifteen to twenty rats were used to study the effeét of each
treatment, and the wean results are reported in the work.

The following investigations have been carried out on the animals.

1) Estrogens and chloroguine on ‘uterine ﬁeﬁoxidase activityé-
Respective gt;uups of rats were given the following treatments
daily for five days: Control; estradiol; angwlar 21, chloroquine,
The animls were sacrificed 20 hours after the Fifth day's treat-
ment. | :

2) Cycloheximide and puremycin en the action of estradiol:- Single
doses of estradiol were given to each animal. One group was given
cycloheximide while another group was gi ven puromycin thirty

minutes after the estradiol administration. This was done for
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five days and the animals were sacrificed after the last treatment.

3). Cycloheximide on the action of chloroquine:- Single chloroquine
and cycloheximide in;jections were given simultaneously to the

same animals., These were then sacrifited 18 hours later.

" 4) Time course activity study for chloroquine and anoviar:- Chloro~
quine or anovlar were respectively administered to two groups of
rats. Three rats from each group were killed at 6 or 12 hourly

~ intervals between O and 60 hours after the tresatment,

5) Effect of different chloroguine doses on peroxidase activity:
' Five groups of rats were given the following deses of chlorequine

in terms of mg/kg body wt. 0, 5, 10, 15 and 20, The animals were
sacrificed 18 hours later.;

6) Effect of chloroquine on peroxidase activity in vitro:- One
willilitre portions of peroxidase extracts were incubated at room
temperature for 1 minute with 0.3 ml chleroquine solution of different
concentrations. The chloroquine concentrations used were 0,003 0.03;

0.06 and 0.12 mg/ml. After the incubation period the 1,30 ml
incubated extract was assayed, adjusting the reaction mixture to a
final volume of 3.00 ml. with water.

7) Combined administration of anovlar and chloroquine:~ Four groups

of rats were given the following treatments respectively: Control;
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E:hloroquine;‘ anovlar; anoviar and chloroquine.. Three animals
from each group were sacrificed at time intervals of 5, 12, 18,
24 and 36 hours after the treatwents.

Each of the above treatments has been followed by enzyme
extraction from the pooled uteri from each treatment group,
peroxidase assay and protein determination as described below:

B1 - Bnzyme Extraction’

The method used for- the ‘extraction of peroxidase from the uterus
was according to that of Lyttle et al (1972). The animals were killed
after the respective treatment periods by .. cervical dis'loc’ation. The
uterl were 1mdiate1y dissected out. The dissected uteri were freed
of all fat, blotted and weighed 1mﬁv‘ldua1]y. Uteri from the same
tmtment group were then pooled #For: ‘the extraction of the enzyme,
The pooled uteri were humgeni;edﬁn a 0.32M sucrose solution contain-
ing jﬂﬂ “92*. .- The tissue concentration was 50mg/ml. A 'jencons'
autor homogeniser was used. The homogenate was filtered through cheese
cloth, The filtrate was then diluted to a 0.25M sucrose concentration
with water. An equal volume of 0.32M sucrose was ' carefully layered
underneath. This was then centrifuged at 700xg to remove the nuclear

“fraction (Widnell et al, 1964). The resultant supernate was used for

the peroxidase assay, The enzyme extraction was done in the cold.
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2 - Peroxidase Assay

The assay for peroxidase activity was done according to the
method. of Klebanoff (1965). The reaction mixture was made up as

_follows:

Water- - ' 0.35 mt
1% ortho-dianisidine =~ -= 0,50 m]l
Sodium phosphate buffer pH 6.0 - 0.3 m
Hydrogen perokide (0.3mglm'l) | - 0,30 1
Enﬁym extract . | ;"? ‘2_.09' ml
" Total yelﬁ:ﬁ: '=‘= - 3.00 mt

" The ‘lncrease in eptiea'l density nt 460 nm was followed, The
a euzyme activity ms detemmed i‘n units, a wnit of activity being

the amount of enzyme causing an im:rease in absoﬁbance'lof 0,008 per
minute,

" The determination of the protein content of the extract was done
by the method of Lowry et al (1951). Five milliTitres of alkaline

-copper tartrate was added to lml of the extract an& mixed thoroughly.
This was allowed to stand at room temperatire for 10 minutes. Exactly

0.5m1 Folin~Ciocalteau reagent was added after this time, with immediate

shaking. This was then left in the dark for 30 minutes, after which
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the absorbance was read at 750 nm., Bovine serum albumin was
used to plot a standard curve after seria‘l dﬂutions of the

albumin so]ution has been treated simi 'larly.‘

e B# - Mating Exgeriments

Adult female rats that had litteved once, were put in isola~-
tion from males for 14 days after they had been weaned of their

litter. They were then grouped in fours to receive treatment as
fn *7* above; The treatmnts were given daily for five days.
Males were fntroduced into the cages after the fifth day's treat-
went. Each cage containing tvw females on the same treatment had
one mle. The treatment were continued for a further & days. The
males . were removed after the 8th day 's treatments and the females

‘were observed fafr the pmdnction of =litter for tie next 31 days.
. The. gastatian period for rats is. 21 - 23 days (Farris, 1950).
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RESULTS

A - Efféct of estradiol, anovlar 21 and chloroquine on uterine,

Single doses of the above treatments were given daily to the
rats for five days. The peroxidase activities in the uterine

homogenates were then determined,

Table 2: Uterine perdiida‘se activity in the presence 'of estradiol,
) anovlar 21 and chloroguine

. Treatment  Av. Uterine Enzyme  ©nzyme Acti- Enzyme Acti- %

Group wt, (Mg) units/ml vity (units/mg vity (units/ increased
L tissue) ~ mg protein)  Activity ¥
Control 36.5 5.30 0.121 11.48 0
Estradiol 72 10.62 ' 0.267 21.24 85
Anoviar 927 192 0.24 14,91 3
Chloroquine  34.0 7.73 0.106 15.10 2

- *Based on units/mg protein,

There has been an increase in the peroxidase activities in the uteri of
rats from all the treated groups as compared with the control group,
Specific activities show that estradiol gave a marked increase in peroxidase
activity (21.24 units/mg protein) while chloroguine and anoviar gave

about 15 units/mg protein, Specific activity for the control was 11e48

units/mg protein,



estra ol of utér ne gemx'ig‘ase

Daily injections of estrodiol were administered to three groups
of rats for 5 days. Thirty minutes after the estradiel adwinistration,
cycloheximide was given to rats in one group while puromycin was given
to those in a second group. The control group were injected with
saline. Uterine peroxidase activities determined are shown in Table 3.

Treatment Av, uterine Enzyme Enzyme acti- Enzyme Acti- o activity
Group wt. (mg). units/ml wity(units/  vity(units/

mg tissue)  mg.protein) Wﬂerhange *
Control 36.5 5.30 0.121 11.48 0
Estradiol  71.2 10.62 0.267 21,24 +85
52;53;2;1;1 o 5471 2.69 0.056 5.27 58
Estradiol - 4 ; 3.02 0.067 5,02 -56

Puromycin

*Based on units/mg protein
The results show an inhibition of the effect of estradiol by the
protein synthesis inhibitors. There was 54% inhibition by cycleheximide
and 56% inhibition by puromycin.
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C. Effect of cycloheximide on the action of chlomquina

One group had a simultaneous injection of cyc"lohex‘m’ide. Uterine
peroxidase activities were then detemined. o

C c'lohexim'lde_ Effect on the stimulation by Chloroguine

Table 4: 1|
T of uterine peroxidase

Treatment Av, uterine Enzyme  Enzyme Acti- Enzyme Acti- ZAcvitity

group wt. {mg) units/m} vity (units/ vity (units/ Change %
mg tissue)A Umg‘protein)

Cantrol 3806 170 0.084 14.36 0

Chloroquine 45,2 4,10 0,210 30.67 114

Chloroquine + . .3, 1.0 0.072 11.24 -22

_ Cycloheximide - -

Based on units/mg protein
~ These results have also shown that cycloheximide inhibited the
stimulat‘lon by chlerequme of the uterine peroxidase activity. There was:
abqut_ZZ% inhihition by cycloheximide. - (Puromycin was not available for-

use ‘in this 'exper*f ment) .
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D. Effect of dififerent Chloroquine doses on Perofidase Activity

Chloroquine was administered to rats at a dose range of 0.20
rng/kg body wt., the animals killed after 18 hours, and peroxidase

activity determined.

Fig. 5: Peroxidase Activity Versus Chloroguine Dose.

The figure shows a gradual and definite increase in uterine

peroxidase activity caused by chleroguine over the dose range of

0-20 mg/kg body weight,
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E. Effect of chloroguine on peroxidase activity in vitro

Uterine extracts with peroxidase activities were incubated
with different concentrations of chlorequine and the peroxidase

activities were then determined. The results are shown in Table 5‘.

Table §: In vitro effect of chloroquine on peroxidase activity

[cq] Enzyme Enzyme activity

(mgm) B (units/ml) (units/mg, protein)
Hi06 0.80 18,18
0.03 o 0.80 18,18
0.06 0.82 18.64
0.12 ’ 0.80 18.18
0.00 B 1.20 13,95
0.03 2 1.00 11.63
0,06 1.40 16.28
0.12 | 1,00 11.63
9,00 0.30 5,00
0.06 0.32 5.33

0.12 0.34 5,67

It is evident from the three experiments that chloroquine does

not have any significant effect on peroxidase activity in vitro. In

each of the three experiments, peroxidase extracts incubated with

°h1°t"??‘fffe’ gave 5?11’14:1;1:" values as their respective controls.

=t WS
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F1 - Xime of response to anovlar and duration of effect

Single doses of arovlar were giventwo group of 18 rats.
Three rats from the group were killed at 6 or 12 hourly intervals
over a period ranging from 0 - 60 hours. Uterine peroxidase

activities were determined.

Fig. 6: Peroxidase Activity: Actien of Anoviar with time.

The. uterine peroxidase activity reaches maximum around 24 hours

after anoviar aduinistration.
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Fa

- Time of respouse to Chloroguine and duration of effect

Single doses of ch]oroquine were given to a group of 18
_ rat;. Three rats from the group were kiTIed at 6 or 12 hourly
intervals over a period ranging from 0 - 50 hours. Uterine

1per¢xi&ase'aétivities were then détermiﬁed.
Fig. 7: Peroxidase Activity: Action of Chlorcquine with Time,

:The uterﬁne perox1dase act1vity reaches maximum around 18 hours

after ch10roqu1ne administrat1on.
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G - (;ombined admimstratfon of anoﬂar and

Four graups (each centaining about 20 rats) were respective’ly

gi ven the foﬂmnng treatments: 7

c«;ntm’lg ‘chloreqiéine; anovlar; anoviar with chloroquine. Three

anima'ls from each group were kiﬂed at given time mtervals ranging
from 6 - 36 hours. Peroxidase activities were determined.

‘Fig. 83 Effect of Chloroquine and/or Anovlar on Uterine
Peroxi dﬁ;s-e Activity, 7

The results confirm the periods of peak activity for anovlar and
¢hloroquine to be around 24 and 18 hours respectively. Mée:the _
combined treatment produced a higher peroxidase act‘tv'lty than

eh]eruine or anovlar given alone
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Time Chloroguine Anovlar Chioroquine &
‘ , Anovlar

6 1.44 1.56 2.42
12 . Lo 3.40 4,60
8. 2.27 3.62 4.44
24 7 el  3.85 4,66

36 1.77 3.53 4,21
Average  1.80 320 4.10

This table gives an average of 1.8-fold increase in peroxidase
activity for chloroquine, 3.2-fold for anovlar and 4.1-fold for the
combined 'tre‘atueni:'.:"rhe' ';‘jé,r'qi?ilglaég_r a"-?ti\iit;y for the control e’*b‘érimén{;

is taken to be 1,00,



7

Table ¥ .: )f PO D : viay
 treatments (based on the action of anovlar as 100%)
Time of . o B i Chloroquine +
Treatment Anoviar Chloroquine Awovler
- . Pa¥ied oo b i ggiine e g emaey ;:gﬂ_,_ i s i i i
6 100 - 92 155
12 100 56 124
18 100 _ 63 124
24 100 42 122
36 0. 50 n7.
Average. . s, 61 , 130

The table shows that over the 36 hours period, chloroquine
gave an average of " 61% of the efﬁ;iency of anovlar in increasing
rperc")xidase aétivity wfxereas the combined treatwent of anovﬁr
~and ch'loroq-uine'produced‘an average of 1’30%._’ Thus chloroquine
potentiates the effect of anovlar 21. This effect appears more

pronounced at the initial stages of the treatment.
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H - M_ating Experiments

Adult female rats that had ittered once we:?e prepared as
described under gehera'l methods, They were divided into 4 groups
and given appropriate treatments before and during wmating, The
males were removed on the last day of ~treatment and the females

were observed for litter production within the next 31 days.

Table 11 shows the results of this experiment.

Table 8:: Effect of Chloroquine and/or Anovlar on
Litter Production

Treatment - No. of rats No. that littered  yo0tal
Litter
Control 8 7 27
Chloroquine 8 2 6
Anovlar 8 0 Ni1
8 0 Ni1

Chloroquine plu
Chnoviay e Plus

Within the period of observation which exceeded the gestation
period of rats (21 - 23 days), almost all the rats of the control
group as well as two of those that were given chloroquine, had
Titter. Animls in the other &reatment groups did not have any
litter. The nunber of litter shown is the respective litter size

for each Igroup’.
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DISCUSSION

The effect of estradiol on rat uterine peroxidase activity has
been investfgated by a,qumper'oflwquers. Lucas et al (1955), McNabb
g;,ali(lgiz) and Lyttle et al (1972) have detected stimilation of
peroxidase activity in the rat uterus on estvogen adwinistration.

The peroxidase activity is normally very low or absent in’ the

uterus of immature female rats (LyttTe!ggiglg 1972 a & b). The
.present investigatioﬁ has initially confivmed the stimulation effect
under our laboratory conditions. The crude nuclear free extracts
have in all‘cases'beén‘u§éd'fbr the assays. '

Im line with the previous répurts,'estrédﬁoT was found to 't
induce peroxidase activity in the immature ratfuﬁerus. The presence
of some'péfﬁxidase activity in the uterus of control animals iS'
probably"é fe§u1t of the age of the young rats used. Protein syathesis
1nhibité§§ Quch as puromycin and cycloheximide caused an inhibition
of the stimulation effect by estradiol. - Cycloheximide caused a 54% wmhlowun
while puromyciﬁ céuéed a 56%'fnh1bitfon. Lyttle et al (1972) detected
an almost 100% imhibition with actinomycin D and cycloheximide. These
results~therefofe‘show\a~dewnev0,énzyme synthesis induced by the
estrogen in the rat uterus. The degree of inhibition shows that the
enzywe has a high protein turnover rate in the uterus. The high turn-

over rate could be a general property of uterine protein,'beéause the
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uterus has been known to exhibit a rapid cell renewal (Neufeld
et al, 1958), and a high protein turnover rate will be necess ay for

quick repair of the uterine tissue.

The study of the action of estrogens on the uterus has been

further extended by‘using the estrogen containing oral contraceptive,
Anoviar 21. Similarly, this contraceptive (the pill) was found to increase
pgroxidase activity in the rat uterus. This observation is analogaus

to induction of jenzyme aynihesis due to ethinyl estradiol in the pill
which is a synthetic derivative of estradiol. It will, however, be
observed that the‘levél of increase in peroxidase activity by anovlar 21
(30%) is lower than that by estradiel (85%), Table 2, The pill contains
the progestin, noresthisterone acetate which has ah anti-estrogenic

effect (Spaziani, 1975) and could therefore have antagonized the action

of the estrogen in the pill, thus causing a Tow stimulation of the
peroxidase activity. This antagonism was evident in spite of the fact
that the piil has a higher level of estrogen derivative than the estradiol.
178 _given ( eaeh pill has 0.05mg ethinyl estradiol while each rat was
given 0.002 mg estradiol 178). Another factor for the lower effect of the
pill could be the mode of administration; the pill was given orally whereas
 estradiol 178 was given by injection. The.amount absorbed from the gut

will be an important factor,
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A similar ~investigation as reported above has been done with
chloroquine phosphate. This antimalarial drug was also found to
cause about 32.1% increase in peroxidase activity in the rat uterus,,
compared to a 30% increase caused by the pill, The increase in
peroxidase activity due to chloroquine has been investigated with
cycloheximide. In this experiment, chloroguine caused a 114% increase
inperoxidase activity over the control. The stimulatory effect by
chloroquine was completely suppressed by cycloheximide which further
caused about a 22% inhibition (Table 4)., Though the stimulation by
chloroquine is similar to that obtained by estradio],;it cannot be
given the same interpretation. This is becauseﬁth]oroquine is known

' and transecription )
to, inhibit DNA replication)and consequently protein synthesis (Ciak

et al, 1966). Thus the -increase in peroxidase activfty caused by
chloroquine cannot be said to be a direct induction of enzyme synthesis.
An interpretation can however be made indirectly by way of the possible
effect of chloroquine on a system that may cause peroxidase synthesis
in the uterus. Chlorogquine has been found to increase estrogen
binding to estrogen receptors in the uterine cytosol (Anato-Dumelo,
1979), Thus chloroquine may cause more bound estrogen to be available
in the uterus, and this may be a contributory factor to the increase
in the enzyme activity.

On uterine weight chloroquine has not caused any appreciable
cMmemmrmemMHMMofmeumﬁmmmuunwﬁmu@h%&ehuwa

that chloroquine increases slightly the fat content of the uterus.
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This might not have any detectable effect on the uterine weight
since fat has a low density. In any case in these experiments,
mosk fats were removed from the uteri, Both estradiol and anovlar,
on the other hand, were found to cause large increases in uterine
weight. Oral contraceptives have been known to cause salt and
water uptake and retention by the uterus {Kistner, 1369).

The present investigatien: has employed only physiological
levels gf chloroquine. It was found that chioroquine has consistently
caused an increase in peroxidase activity over a dose range of 0 -
20mg/kg. wt. Within this physiological range, peroxidase activity
was directly proportional to the dose of chlorequine administered.

Enzyme extracts with known activities have been incubated with
chlorogquine jgl_ yitro and re-assayed. This has been done to find out

whether chloroquine will affect isolated enzyme molecules.

The In vitro activity of peroxidase has been known to be affected
by a wide range of both organic and inorganic substances (Hollander, _
et al, 1959; Klebanoff, 1959, Klebonoff, 1966 and Jellinck et al, 1970).
The results obtained showed that chloroquine does not affect peroxidase
activity in vitro. This observation confirms the possibility that
chloroquine has no direct activation effect on peroxidase activity per
se even though: in vive experiments show that chloroquine increases
peroxidase activity. Also cycleheximide (a protein synthesis inhibitor)

caused an effective inhibition of chloroquine stimulation of peroxidase



79

in vivo. The action of chloroquine on peroxidase activity in the
uterus will therefore not be one of a direct activation of enzyme
molecules, but may be rather indirectly involved in the enzyme

synthesis.

"'The activity pattern of peroxidase induced by both anovlar and
ch16foquihe have béen'sfudied. Lytiie;é}_gj; (1972 3’19?7) reported
that estradiol-induced peroxidase activity reached a maximum in 20
hours ‘and persisted for 24 hours. The present studies showed that
anovlar-induced :peroxidase activity veached a maximum in 24 hours.-
Chloquhinelﬁtimuiation>df thé'berGXidaSe‘reached its peak in 18
hours. 'This cbServation gives the impression that chloroquine may’
have a faster effect than anovlar in stimulating peroxidase activity.
The difference -in time of action could be traced firstly to the mode
of aduinistration, Anoviar has been given by mouth while estrogen
and CthFﬂéﬂihéZWEYe injected. This in itself will cause differences
in the time of response by the target organ. The other factor is the
presence of the anti-estrogenic progestin component of the anovlar,
The times of response of chldrnquine'aﬁd estradiol (18 and 20 hours
respectivéijgsiigg;%:%%g;. The differences in the solubility and
ionisation of the molecules in water as well as permeability could
heve affected their transport and therefors the period of response
by the target organ. Chloroquine being a more soluble molecule than

estradiol will be expected to be transported faster as well as being
taken up more readily,
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Assuming that perpxidase is important in the contraceptive
action of the pill, then the present findings suggest that on
the basis of peroxidase activity the Q@F&hn!z duratibn of the
contraceptive action of the pill in the rat uterus sénches
maximum in 24 hours and falls thereafter. These results are
further confirmed by the results in -4 8 where the stinula-
tion effects of anovlar and/or chlorequine were detenﬁined
sinultaneously. When the conbined anoviar and chlor@uine
treatment was adminis,teréd to the animals, the resultaht
* perogidase activity was higher than that produced by either
- drug/treatment given alone., The pattern of peroxidase activity
- with time, follows that of anovlar, reaching maximum around 24
7 hours (Fig. 8). A high peroxidase activity is obtained
within-a very short period after administration. The maximum
peroxidase activity obtained on anovlar alone in 24 hours is
35 wnits/mg. protein, Assuming this value to be the peroxidase activity

required for an effective contraceptivé action, the combined treatment
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attains this level of activity in 10 hours. This means that

maximum contraceptive action, in the case of the cowbined treatment,
occurs earlier than when anoviar is given alone, Alse whereas in

the case of anovlar the high peroxidase activity stays on for a véry
short time and falls thereafter, with the comyination, -the effect
persists-fqr‘aboutfzz‘hours;..Thus the period for the contraceptive
action of peroxidase is greatly enhanced with the combined treatuent.
It is therefore demonstrated that chloroquine potentiates the:péf0xi-
dase induction action of anovlar to an average level of 130%. The
degree of potentiation is not additive. Chleroquine causes a 1.8-fold
increase, anovlar a 3.2-fold increase and ‘the combination a 4.1-fold
increase in peroxidase activity (TabTe &). This hon-addffive poten;'A
tiation suggests ‘that ‘similar mechanism and receptor sites wight be
involved in the peroxidase stimulation by anoviar and chloroquine,
The implication is that when the receptor sites are saturated, no
more chloroquine or estrogens from anovlar would be taken up. Such-

a situation would then produce a' non=additive potentfatioh.

In the case of individual treatment where receptor sites
might not be saturated, each freafﬁént could show its'maximum
effect. If d%fferent and independent receptor sites werelinvolved
then each component of the combined treatment would have elicited its

maxinum effect SeDarately thus producing an additive result.
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The significance of the results discussed above have been
tested in mating experiments. Production of :litter by the rats
given anovlar or chloroquine or both, has been prevented in each
of these cases. The case with anovlar can be said to be a definite
contraception. Chloroquine is known to cause the abortion of foetuses
when the drug is taken during early pregnancy (Engmiann, gt _al, 1974).
tqe absence of litter in the experiments where chloroguine or.‘its
combination was administered showed that chloroquine has a contracep~
tive effect. In the mating experiments, 6 out of the 8 rats which
were given chloroguine did not produce any litter {Table ®.). This
result which represents 75% of the cmt;iroqu‘ine treated animals seems
to correlate that on the comparative effect of cﬁhlomquine., based on
the action of anovlar, in enhancing peroxidase activity. In this case,
chloroguine showed an average of 60% of the efficiency of anoviar
(Table 7)), The enhancement of perosidase activity by both anovlar and
chloroquine seems to be related te the biochemical basis for the observed

contraceptive action.
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CONCLUSIONS

Induction of peroxidase synthesis by estradiol and its
inhibition by some protein synthesis inhibitors has been

confirmed.

Induction of peroxidase activity by the contraceptive, Anovlar
21 is demonstrated,

Chlorequine increases the peroxidase activity in immature rat .
uterus. This enhancement is inhibited by cycloheximide,

Anoviar - induced peroxidase activity reaches its maximum in
24 hours while chloroquine causes peroxidase activity to reach

a maximum in 18 hours.

Peroxidase activity has been shown to be a function of chloroquine

dese (in vivo) over a range of 0-20 mg/kg. body weight,
Chlorequine does. not affect peroxidase acti vity in yitro.
Chleroquine potentiates anovlar's effect in inducing peroxidase
activity.

Chloroquine, anovlar or thé'lr combination prevents the production

of litter by adult female rats.
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