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ABSTRACT

“eran imh-cancer agents act by inducing the intrinsic pathway of apoptosis which is mediated
hy the release of cylochrome C when the Mitochondrial Membrane Permcahlity Transition
(MMPT) pore opens. Several sludies have authenticated the use of Momordicu churantia
(Al eharanize) n the Ircatment of diabeles, breast cancer, skin tumor and prostatic cancer. This
study wus therefore carried out 10 determine whether the decoction of Al clerantia will induce

the opeiung of MMPT pore and the conscquence of this on other paramicters such as liver

function and male fertility.

Dillerent doses. 35, 45, 58 and 65mg/100g body weight of the aqueous decoction of the firesh
lcaves of M. charanna were orally adnmmstered to groups A.B,C and D of animals respectively,
for 20 dnys The control group was fed with only walcr and fecd e fibstim. Opeming of MMPT
pore was assayed n Mammitol-Sucrosce-IUEPES {MSH) buffer (210mM Mannitol. 7mM! Sucrose
and SmM HEPES). Three hundred micromolar CaClymg mitochondrial protein was used in
nducing opening of MMPTP and changes in volume of liver mitochondria were mensured
guantitatively ot S40nm in a Beckrman UV specirophotometer, Hepatic injury was assessed
histologicaliy and by the levels of Alanine Transaminase (ALT), Aspartale Transaminase (AST),
y-Clutamy) Translfcrasc (CGT) and Alkaline Phosphatase {ALP) in scrum, Epididymal spcrm
sanples obtamed from the animals were analyzed for moutlity, viabilily, spcrm counts and
momhelagy. Results were statistically analyzed using student’s -lest and ANQVA at 0.05 tevel
ol sigmiticance
There wert: significant increases 0 the extent [0 winch the different doses of the decoction
induced cpening of the MMPT pore. Maximum induction {-Axsn -0.309) was obtained at

$Smg/100g bw. which translates to about i)-fold increasc when compared with the control value
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(- dase-0.029) though, the extent of por/c induction decrcased to about 9-fold (-Aassg -0.249) at
65mg/100g bw. Sigmifican reduction in sperin motility relative ta control was obscrved for all

trcaled ammals. Spcrm counts were also significantly reduced in this order; Group D< Group C<
Giroup B« Giroup A< control with vilues ranging from 82.00£2.45x 10" cclleml (conteol) 1o
(32518 2x 10" cedls /ml (Group D). Likewise, significant rcductions of 86.2544.79%,
91 6742 89% and 88.75+2,50% in percentage viabilily were observed in gnimals that reccived
45, 5§ and GSmy 100 hw of decoction respectively, compared with control (96.541.73%)
Morphologicat abnonmalitics of sperin above the proposed 10% (Group B=12.94%, Group
C=13,84% and Group D = 13.02%) were also observed in animals thot reccived 45mg/100g bw
and above, There were significant dose-dependent increases in ALP and GGT levels for all
groups rclative 10 the control .

Dasc-retatcd woxic eflects ol orally admnisticred leaf decoction of Af. charantia was observed in

albimo rats and may be implicited e mole infenility 1n individuals who rely on the decoction in

Ircaung vanous mlments

' KEY WORDS: Afomordica churanito, Decoction. Mitochondrial Membrane Penneability Transition

Pure, Liver Eymenion, Male Ferility,

Word count: 443.
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CHAPTER ONE

1.1 INTRODUCTION

e imituchondnion s a central organclle which plays a pronuncni role i cell death

because it is crucial for signal transduction and aniplification of the apoplolic response

(Green and Reed, 1998; Johnson and Boise, 1999). It is now wel| cstablished that certain

anli-cancer agenls induce the \ntnnsic pathway of apoptosis which may be mcdiated by

the release of cytochrome C when the milochondrial membrane permeahility ransition

IMMPT) pore is open (Schmitt and l.owe, 1099)

This pore 15 thought 10 be formed through a Ca~" - Inggered conformational change of the

adenine nucle cotddranslocase (ANT) bound 10 matnx cyclophitin-D {CYP.

D), a
pepllyl —prolyl cis.ir

NS 1somcrasc {PPlasc). unyuc 10 the muochomlris sl o named

15 cyclosponnc A (CSA)-binding propcnies (Schmin and Lowg, 1999:
Halestrap and Davidson. 19901}, CY'P-D

becanse of

catalyses [he intcrconversion benwecn c1s and

Irans.conformation of peptide bonds ad;

Jacent 10 proline residucs and as such, i js ideally

causing the conformational change in a memhrane protein that would he

required to induce formalion of a pore. Th

ssiled for

15 membrane protein has been sdentified 10 be

adcnine nucleotide \ranslocas

€ {ANT}, wluch transpons ADP and ATY? JACross the nier

milochondnal memhrane § Halestrap, and Dawvidsan, 1990)

It has been confinnied that the conformalional stale of the ANT greatly inlluenced (he

xeasiniy of the MPTP 10 [Co™ ), which Jed 1o the proposal that i the Preseiice of
Caloium, a cyclophilin D-mediied conformational change of the ANT Was responsible

for the fornatiai of MMPT porc{Halesirap and Davidson,

1990; Halestrap, ¢; o » 2000)
it has bee

n cslablished that once relvased, cytochsome C binds 1o apoplotic proicase

uctivator faclor-1 (APAF-1) in the presence of ATP or JATP and fonns , complea (hat
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processes and aclivates pro-caspase- and -7 (Saleh, ef 0/.,1999). The relcase of
cytochrome C has been linked 10 a loss of mitochondrial membrane potential (Apm) and

increasce in permeability transition (Petit, et af,,1997; Shimizu, et al., 1999; Marzo, ef al.,
1998), The consistent observation of mitochondrial dysfunction prior 10 the nuclear
changes associated with apoptotic cell death implies that it may be a critical regulator of

the metabolic events involved in the apoptotic cascade (Deckwerth and Johnson, 1993;

Jacobson, et al., Newmeyer, ¢f al., 1994).

Furthetmore, in cell-free systems, mitochondiia arc a necessary component of the
cytosolic fraction to produce apoptotic features in isolated nucleic (Newmeyer, et af.,
1994)). Therefore, the opening of the pore is sine qua nox 1o the initiation of cell death
and a putative target for the design of novel stralegies for blocking pathological cell loss
or for killing unwanted cells.
It is now abundantly clear that a number of phytochcmicals can aet as chcmopreventives
in the development of cancers and the discases arising fromt dysregulatcd apoptosis
(Martin, 2006). Bitter melon or Afomiordica charantia (M. charantia) of the family
CQucusbilaceae is a medicinal plant kmown as “Ejinrin wewe" by the Yorubas of South
Westem Nigena. Although its country of origin is unceitain, the plant is commonly
cultivated for its fruit in tropical regions of India, China, East Africa and Centrut and South
Amcnca. It 1s herbaceous. climbing or having prostate vines with simplc or forked tendsils
{Garau, ef ol., 2003, Rivern, 1941), It has lobed leaves, yellow ftowers and edible and
bitter-tasting orasnge - yellow fruits. The unnpc (Tuit is green and is cucumber -shaped
with a bumpy looking surface. The parts of the plant used for medicinal purpose include
the fruits, leaves, sceds, whole plant and seed oil. (Anon, 1999. Cunnick and Takemoto,
1993).
Interestingly, the plant has a long history of use by the indigenous people of the Amazon

wiio grow it in their gardens for food and medicine, They add the fruit and/or leaves to
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heans and soup for ; biller or sour Navour. A lcaf 1ca 15 used for ( wbcles, 10 expel

micsiinal 83s, and as an antiviral for measles, hepatitis and feverish conditions. Af

charantia s used lopically for sores,

wounds, and infecnions and cither intemally' or

exicmally lor womss and parasites (Tropicat plam database, 2007). Bilicr melon has also

heen used as boil g food and medicineg \hroughoul Asiu as therapeutic rentedy an o

Varicly of illnesses such s lcukemig, diabetes, asihing, inscel biles, micnsirua) cych

problemis, siomach problenis, as well as many other maladics. In Brazilian herbal

medieine, bitler melon s used for tymors, wounds, rhcumalism, malarnta, vaginal
discharge, inflammation, menstiugl problens, diabetes, colic, fevers, and worms. |t IS

also used 10 induce abortions and as an aphrodisiac (Tropical plani d

atabasc, 2007}, H s
prepared inlo a topical remedy for the skin to treat vaginitis, hemoithoids, scabies, itchy

rashes, cczema, feprosy and other skin problcmns,

In Mcxico, the entire plant is used for diabetes and dysenicry,

Ircal measles, malaria, and g|| 1ypes of mila

Mmalion. In Nrcaragua, Ihe leaf is conimonly

used for stomach pain, diabetes, fevers, colds, coughs, headaches, malana,

skin
diis. mensirual disorders, aches and pams,

cornpl hypertension, Infechons, and as an atd
In childhinh (Trop;cal plant database, 2007). In Nigeria,

Ihe aqucous extracts of the
lesnes and fiuils are used for simjjor almenis listed above (Sofowora, 1984). The popularity

of Momordica chyramia in traditional medicine suggesis that 11 contains bioaclive 3pents

that will be polcatially useful i drug development, Qver LUO studes using nodem

technigues have autheniicaled ts usc indiabetes and its complications

Most impo:tant!y.
some of these si

‘dies have shown s cfficacy in various cancers such gs lymphoid

leukenmia. Iysnphom,. choriocarcinoma, melanom

3. hreasi cancer, gk

funtor, ypastats
I0US carcinoind of |ongue and larynx

calicer, squan » human bhddcl’ cal'cinomns and

Hodgkin’s discase (Grover and Yadav 2004 ).Previous reports (Singh, o al.,

1989,

T
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tﬁwiau, et al 1993; Ng, et al.. 1994; Platel and Snnivasan, 1997, Nasecm, et al.
1998), hitve show n the clfccts of various parts of the plant {sced, fruit and evea the whole
plam) m differemy extraction inedia such as benzene, alcohol, petroleui cther, acclone,
waler and as crude extracls and juices tn the ircatment of many allnicnis. However, there
1s paucity of information on the biochemical basis of some of the pharmacological effects
of the bioactive components of Af.charantia cspecially with respect to the apoptotic
tnachinery of the cell.
This study therefore was camed out in order to determine whether the decoction of M.
charantta will induce the opening of MMPT pore and thic possible consequences of this

opcning on other paramelers such s liver funchion and male fertalaty.
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i1 OBIECTIVE

Apoplosis is a lype of cell death that plays an imporiant role in carly development and
growlh of noma) adull tissues. It 1s regulated by physiological stimuli and present in
many specics and tissues (Kerr e/ al., 1987). Apoplosis occurs foliowing a modcrate
insult, insuflicicnt to Kif) the cell outrightly bul cnough to cause significant damage.
Exanmiples include a short pcnod of hypoxia and exposure to low doscs of a chenical
toxin. In contrast, if the initial damage 1o a cell is too scvere, the precisely regulated
process of apoplosis 1s not possible and cell dcath occurs via necrosis (Halestrap, ¢t «l.,
1998). In recent years, it has become apparent that mitochondrio play a critical role in the
mcchamsm of both apoptotic and nccrotic cell death through the opening of the
mitochondnal memhranc permcahility transnion pore (MMPTPY (Halesirap ¢ «f . 2000

The MMPTP opens when mitochondria are exposed o high calcium concentrations,

oxidative siress. c.t.c., uncoupling oxidative phosphorylation and hydrolyzing ATP cathcr
than synthesizing it. 1f Jeft unrcstramed, this sitiutton would lead to cell death. The
mhihsion of MMPTP constitutes an important sirategy for the phamiaccutical prevention
ol unwarranted cell death. Conversely, inductiors of MMPT in tumor cclls constitutes the
goal of anticanccr chemotherapy (Krocmer ¢f el., 2007) and 1t 1s now obundantly clear
that a number of phytochemicals can act as chemopreventives in the devclopment of
cancers and the discasces arising from dysscguiatcd apoptosis (Maitin, 2006).

Sevesal syudies hive authenticaied the use of Mowondiea chananee i the veatiem of
various ailments, most importontly, cancers such as lymphoid, lcukcmia, fymphoma,
brcast cancei, skin twinor, prostatic cancer ¢.l.c. (Grover and Ysdav, 2004), Tlis study
wos therefore carmied out to deicrmine whether the deenctinn of M charanm will induce
the openiny of the MMPT porce as well as to iuvestigate the conscquence of this opening

on olher paramclers such ws liver function and imalc fertility
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CHAPTER TWO
LITERATURE REVIEWY

21, THEMITOCIIONDRION

Milochondria are organelles of cukaryotic cells, believed 10 have ansen during evolution,
when acrobic bacleria capable of oxidative phosphorylation look up symbiotic residence
within prninntive, anacrobic cukaryolic host cells (Margulis and Schwantz, 1972).
Mitochondna are very conspicuous 1n the cyloplasm of most eukaeyotic cells. They are
mcmhranc-hound organcllcs of varvine sizes bt thev ivpically bave a dinmeter al ahant
1um. similar to that of bacleria cells. They vary widely in shupe, numnber nnd focation,
depending on the cell type ot tissue function (Lehninger, 1964).

Most plant and ammal celis contain several hundreds to a thousand mitochondria.
Generally, cells in more metabolically active tissucs devole larger proportion of thetr
volumes 10 milochondna. Mitochondria arc found mostly in eukacryottc cells (l4enze and
Manin. 2003). Often the mitochondtion is referved Lo as the power house of the cell and
nghtly so, because the inner membrane bears the components of the respiratory chain and

the enzymc coinplex responsible for ATP (Adenosine 1nphosphale) synthesis, ATP is

wied a8 @ sourcd of cheancul cugagy i e b This sl fane b gy e s
mitochondnion as the powcr housc of the cell as it i1s known today (Me Bnde, et al.,
2M00). Many cells possess onlv a single mitochondron while others can have seveml
mitlions. Alitochondria have their own independent genomes with the mitochondrial

DNA coding for certain proleins specif c 1o the inner membrane, bul other nutochondnal

potcins sr¢ cncoded in nuclear DNA {Andersson, of af, 2003).

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



The number of mitochondria per cell appears to be relatively constant and characteristic

for any given cell type. A rat liver celt for example, contains about 800 mitochondna.
~ Unlike other niemhranous stiuctures such as lysosomes, Golgi complexes, and the
nuclcar envelope, milochondna are produced only by division of previcusly cxisting
mitochondna (1.c they undergo fission when they become 100 large} (Nelson and Cox,
2005). The ATP molecules formed by nutochondna difTuse only a dhistance to the ATP-
tequinug conltraclile elcments. Mlilochondria arc also {requently located adiacent to
cytoplasmie fal droplets, wtiich sesve as a source of fucl for oxidation (Fiskum, 2000).
£ach mitochondnon, as shown (Fig.2.1) has lwo membranes, viz:
The outer membrane which is unwrinkicd and completely surrounds the organclle. This
| meinhrane 1s readily pcrmceable 1o small molecules and concentrated (ons; transmembrane
channeis composed of the prolcin, ponn allow melecules of molecular weighs less than
5.000 Dahons to pass casily (Nelson and Cos, 2003) and the inner membranc which 1s
impcrmeable 1o mosi small molecules and ions, mcluding protons {13°Y. the onlv species
that cross it being 1hose for wlach therc arc specific transponer protcins (Mlannclla,
2006)
I'he malpx contains the erzymes that arc responsibic for cunc acid cycle reactions. 1
aiso contains dissolved oxygen, waler, carbon dioxide, the recyclable inlermediates thay
scrve as encrgy shultle, and much more. Because of the folds of the cnstae, no part of the
miaterix 1s far loin the inner meinbrane. Therefore, mainx componcisls can diffuse to 1nner

| mcmbrane complexcs and 1ranspon proteins within a relatively shon time (Rappaport et

wl |998)
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2.1.1. INNER MITOCHONDRIAL MEVMBRANE

The inner mitochondrial membranc has more than 100 polypeptides and a very tugh
protein 1o phospholipids ratso (3:1). it is nch in an unusual phospholipid called
cardiolipin. Unlike thc outer membrane the inner nicmbrane docs not coniain Ponn, and
it 1s highly wmpermeable: almost all 1ons and molecules requirc special membranc
transponcers 1o enter or cxit the matrix. The inner membrane has numerous cnstae that
expand s susface arca, cnhancing its abtlity to gencrate ATP {Mannella, 2000). In the
liver mitochondnia. the surface area is about 5 times that of the outer membrane. The
sinner milochondnal nmembrane consisis of regtons of inner boundary membrane that arc
parallel 1o the outer membrane and regions invaginaling nito the matrix as cristae. These
infoldings of the inncr membranc are of vanous shapes, somc are tubular, and i some
other mitochondria, the cristae are longitudina! rather than lateral. The cristae include the

elcctron ranspost chain, the phosphorylation appaiotus, and transporter protcins (Homs
and Thompson, 2000)

fhe imner boundury niembrane participates in transport rcacttons including the formation
of contact sites, which are dynamic structurcs that :nvolve fusion of the inner and the
outer milochondrial membranes and arc kev participauts sn protein impart, cnerpy
coupling with the cytosol via fonnation of creaine phosphaic and uplake of tatly acids ol
oxidanve meiabolism. The nuinber of cristae varies according to the intensity of
oxidalivc metabolis, with an incrcased number present in actively respiring
mttochondria (Skarka and Ostadal, 2002). The main funetions of proteins in the mner
memhrane incude oxicdation reachions. ATP synthesis and transponation { Rich 2001
2.0.0.1 TUFE FLECTRON TRANSPORT CIHAIN (ETC).

Miutochondria, the power house of cukaryotse cclls, oxidize subsiraiea (amino acids,
cacbohydrates. {atty acids) and reduce co-enzymes NAD' and FAD* to the energy-nch

moleentes, NADH and FADI: The redov encrgy from NADH ml BEADEL asir i fomad

AFRICAN DIGITAL HEAL'q REPOSITORY PROJECT



In oxveen n severa) sieps via reoxidatnin in the cleciren transport chamin The FTC e
composcd of the mitochondrial ecnzymes (known as complexes I, 1, III and V) thal
transfer clectrons from onc complex o another. Elcctron flow between the niajor
complexcs of this chiwn drives the cxttusion of prolons, cslablishiing a stcep
clectrochcmical pradient across the inner milochondnal membrane. The gradienl
ulumately powers mosl cellutar funclions, pariicularty by allowing the jonnation of ATP

via ATP synthasc (Fig. 2.2) (Schelfler, [1999).

| Coinpanents of the flectron Trinsport Chain

Complex | winch s also known as NADH dehvdrogenasc complex is a large flavoprolcin

cumnples contasamg mute than 23 polypepnde clinny, the catire compley s anhedded w

lle inncr mitochondrial niembranc, orienled with its NADH-binding silc facing the
l matrx such that it can wieract with NADH produced by any of the several matnx
dchydrogenascs. [he overall reaction catalyzed by complex | s:
NADH+H +UQ ——— NAD + UQH;s,

in which oxidized ubiquinonc (UQ) accepts a hydrogen 1on (Iwo clectrons and a prolon)

[rom NADE and 2 proton fiom the solvent waler in the matiix.

The coxyme complex lirst 1ranslcs a pur of reducing equivalent from NADI 10 its
prosiiene Seoups EMN. The complex also contiins seven Fe-S tron-sulphur) ccnires of
af least. wo dilferent Lypes. through winch clectrons pass on their way from FAIN 10
ulvquinonc. Rotenonc (a plont product commonly used ns an insecticidc} and 1he
anubjouc Piercidin A, alt inhibit clectron flow [rom these Fe-S ccnires lo uhiqusnone
Libigquinol (U'Qi42} difluses in the membrane from complex [ 16 complex El1 where it 1s
oxtthzed 10 U'Q. The flow of clcctrons from comples | o UQ 1o comiplea 1H 1s

accompanied by the movement of protons from the mitochondrial matix 1o the outer

(cytosolic) side of the inner mitochondrial membrane {the inler-membrane space)
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» Complex 1l is also called succinate dehydrogenasc and 1 is the only membranc-bound
enzvmc in the citric acid cvele, Although sinaller and simpler than complex [. it contams
two types ol prosthelic groups and at icast four different proteins. Onc prole:n has a
covalently hound FAD and an Fe-S centre. with four Fe aloms: a sccond iron-sulfur

protein 1s also present. Elcelrons are belicved 1o pass from succinate 1o FAD, Lhen

through the Fe-S centres to ubiglunone. Other  substrates for  mtuchondnal

dehydrogenasc also pass clectrons wilo the respiratory chain at ihe ievel of ubiquinone,

but not through complex L1,

Complcx 11, also known as cytochrome ber complex or ubiquinone-cyrochrome C
oxtdorcduclasc contains cylochromes bsgz and bss, cytochrome C,, an iron-sulphur
prolcin, and at least sex other protein subunils. These proleins are asymmelncally
disposed in Lhe inner milochondrial membranc: cytochrome b spans the membrane, and
buth cytochroine Ci and the FeS protain we on the ouler surluce. The swteh betw ean the
wo-clcetron camer umquinone and the onc-electron camiers {cvtochromes b562. b566,
I Ci and C) is accomplished in a senes of reactions called the Q cycle. Although the path of
cleciron Row through Lhis secgmenl of the respiratory chaen s complicated. the net cffect
] of the transfer is simple; UQMz 15 oxidized to UQ and cytochrome C becomes reduced.
Complex il functions as a proton pump; as a result of the asymmelyic orientation of the
complcx. protons produced when UQH; s oxsdized to UQ are feleased to the inter

| nmcmbrane space. producing a wrans ncmhrane diffesence. The complex her is tnhihiled

hy antinycin. wiich blocks cleciron transfer lroin Cyt.b 1o Cy1.C;

Compicy 1V: Aiso Rnowat as cylochrome oxudasc. Lhis complex contiins cytochroines o
aid a . These eylochromes consists of two-henie yioups hound Lo 1lilTerent ecgrons ofthe
saic large protcsn that are therefore spectrally and funciianally distiner Crvtochrome
oxklase also conlums 10 copper wns, CuA and CuB thut nre crucial 1o the tansler ol

clecirons 1o Oy, (Reduction of oxygen). This complex cnzyme has cvolved lo carry ot
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the four-cicetron reduction of O, without gencrating incompletely reduced intermediiites

such as hydrogen peroxide or hydroxyl fice radicals, very reactive species that would

damage ccllular components. The Mow of electrons from cytochrome C to O, through
complex 1V causes a nct smovement of protons from the matrix to the inicr membranc

space; complex 1V functions as a proton pump that conimibutes t¢ the prolon-motive

force. C ylochromic oxidasc couid be inhibited by cyanide and carbon monoxide.

LX)

Complex V: ATP svnthase: This is the ATP-svathesizine cnzvme complex of the inner
miochondnal mcmbrane, it has iwo major components {or factors), Fy and Fo. The

subscrnipt lelter O tn Fo dcnotes that it 1s the portion ol the ATP synthasce that confers

sensilivity to oligomycin, a potent inhibitor of 1his cnzynic complex and thus, ol
oswlative phosphorylation. The other factor or coniponent, Fy is the ATP-synthesizing
cnniponent. Il consists of six siubtinits in all acrobic organisms and is made up of scveinl
binding sites for ATP and ADP, including catalytic site for ATP synthesis. It (s a
peripheral membrane protein complex, held 10 the membrane by its intcraction with Fo,
Ay inteeral memhrine comples nl four different potweptides that fnrmis a transmemhrinc
chamse) theosgh which protuns can crosy the wenbrene (SchefMer, o wf. 19993 \s
prolon conccmralion increascs in the inicrmembrane space. a strong clectrochemical
gradicnt s cstablished across the inner membrane. Whencever protons return 1o the matnx
through the Fo componcni of the ATP synthasc complcy, their potential energy is uscd to

syathesiee ATP from ADP and Pyin a process calicd CHEMIOSMOSIS (Mitchell, 1961;
Logan, et «f . 2003}
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2.1.2, CHEMIOSMOSIS

This 1s the diffusion of 1ons acrass & memhrane specifically, 1 relales 1o the gencration of

ATP by the movement of hydrogen 1ons across the menibranc. These hydrogen 1ons i.e

protons will diffusc from all arcas of high concentiations to an arca of low concentration

helping in the uencration of ATP as they diffuse {Cooper, 2000)

The chemiosmolic model was proposcd by Pcler Mitchell (1961) for the mechanism of
mitochondrial oxidanve phosphorylation when Wt was discovercd ihal contrary lo the
carlier invesligators' belicf, phosphorylation is always associated wilh membrane
stricturc.  The carbier investigators’ conciusion was thai mitochondnal oxidative

phusphorylation nvolved high-cnergy chemical iniermediale as obtasns in the

glyceratdehydces-3-phosphate  dchydrogenase  reaction  1n glycolysis. In winch

glyccratdelyde.J-phosphate is oxidized and simullsnconsly converted to .3

hiphosphoglyccrate, a conpound with g high-cnergy group @ the site of oxidaion ATP

1s fonned when |.3-tphosphogiyccrate tronslers 1ts activated Pi to ADP. Thus, n was
belicved that as the ATP synthesis is driven by this high cnergy infermediale, §,3-
F hiphasphoglyccrate, ATP synthesis ;m the mitochondna 1s also daven by a putalive
chemical inteimediale. However, this conclusion was proved wreng by the inability to

isolatc such {thc pulative) chemical (nicnncdiate during mitochondrial oxidative

phosphorylation. This led to the chemiosmotic modcl

The gencral idca of the hypothesis (Mitchel), §96t, 1969) is that thc coupling of oxidative

phosphorylatton to cleciron transpon 1s not brought about by chemical migh-cnerky

Intenncdiales but 1t was suggested that the transpont of electrons along the carmiers w the
respiratory chain gencrales a gindient of 1I° (protons) across the mntochondriat
memhraic This geadicnt was also postulated to he achicved by the extraction of H™ 1ons
froni the mnochondnal mainx and iheir ejeciion into The surrounding medwim such that

there is a scparation belween H® and OH' ions on the opposite sides of the inner
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membrane (Mitchell, 1961; Mitchell, 1969). In this simple veision of the chemiosmotic

theory applied to mitochondria (Fig. 2.3), electrons from NADH and other oxidizablc
substrates pass through a chain of carriers (cytochromes c.1.c) arranged asymmetrnically in
the membrane (Milchell and Moyic, 1968). Electron flow i1s accompanicd by proton
sanster accoss the mitochondnal membrane. producing both a chemical {ApH) and an
clecincal (Apm)} gradient. (The clectncal potential inside 1s negaitive and for chemscal
potential, pH s ulkaline snside) (Mitchell, 1969),

ADP4Pi + [H"] owt ATP+H20 + [H] in.
-
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Fig. 2.3: Chemiosmotic madel (Mitchell, {979).
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The inner nmitochondrial thicmbrane s unmpermeabice o protons; protoits cun fecoter the
matrix oniy through proton-specilic channels (Fo). The proton-motive force that drives
protons back into the matrix provides the energy (Apm) for ATP synthesis, catalyzed by
the F; componcnt of the synthasc, {(Mitchell and Moyle, 1968). The proccss whereby
ATP synthasc generates ATP by chemiosmosis is called oxidative phosphorylation

hecouse osyeen 1s the final clectron acceptor in the mitochondiial clectron transport
5

chain. Oxidative phosphorylation is the culminanon of cnergy - vteiding mctabolism 1n

acrobic organisms.

Al cnzymatic steps 1 the oxidative degradation of carbohydrates. (ats and amino acids in
acrohic cells converge at this linal slage of cellular respiration, in winch clectrons flow

[rom catabolic intemediates 10 O3, yiclding encrgy [or the generation of ATP from ADP
abd 1. In cukaryolcs, oxidalive phosphorytation occurs in mitochondrta and it involves
the rcduction of Oz 10 120 with clcawrons donatcd by NADH and FADH;, (Redox

cocnzymes) and occurs cqually well s both light and darkness. (Nelson and Cox, 2005).

2.0.5. MITOCHONDRIAL MEMBRANE POTENTIAL (MMP).

Of the 1wo comiponents of the proron-mative force: the membrane potential (Aom) which
anscs from the net movement of positive charge acsoss the inner membranc contnhuites
most ol the cnergy stored tn the pradient, typically -150m\V. Hence. for practical
puiposcs, MMP may bc uscd on ats own as an indicator of cnergizatton state of
milochondna {Mathur e¢ al, 2000). The proton pump is localized on the inner membrase,
0 pumps brotons from 2roundmitss o the intermemhranc in onder 10 fowm the

transmembrane  poiential, (Apm) belween outer and inner membranes of the

mathochondrion {Zomzami, ¢4 af; 1996a).

When protons return, they pass encrgy lo ADP and Pi 1o generatc ATP So, A plays a

crucral sole iy heepmy the funcuon of miwchoudiis and mitochondny) depolunzation
o0 )

which Jeads to Aunn oltcration and has been nnplicated as carly-omst, und even 4
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cial event in cell death (Yan, ef al, 2007). Changes in MMP are integral 1o ec! life-

cath transition although the answer whether as a primary cause or a secondary cvent s
yet unknown. In nonnal cell function, the maintenance of MMP 1s essentiat for ATP
synthests. MMP 1s highly negative, approximately -180mV, due to the chemiosmotic
gradicnt of prolons across the inner mitochondsnal memhriinc. the encrev of which s used
for ATP synthesis by the respiratory chain. MMP also provides the dinving lorce tlor Ca
uplake im0 the mitochondrion by the Ca®” uniporter and it is now generally acecpted thal
11 the Ca” signal tn the initochondrion that shmulates ATP production in tesponse to an
increased cnergy demand by the celd (Hansford and Zorov, 1998). The consistent
observation of u reduced or disrupled (Am) in preapoptosis indicates maintenance of the
(Aym) 1s nccessary for cell survival (Deckwerth and lohnson, 1993: Vayssicre et al.,
1995. Zamzamt ¢ af; 1995a; 1996b).
Further studics of apoptosis indicate that there is mitochondnia) depolarization and (A¢ym)
disruption in njured cells enduced by apoptosts repulsion, morcoscr. these changcs take
place before alicration duc to apoptosis in cells. AlY of these indicaic that (Agun)
alteration is the carly stage of apoptosis. (Petit ¢f al, 1995: Zamzami ef al., 1995b),
Isolation and subscquent cultuce of a population of cells with a sub nomal (low) Apm
indicated that they proceeded to an apopiotic morphology rapidly when compared to cells
I. with a normal (high) Agom (Zamzami ¢ ol 1955a) Dissuption of the Apm has also been
shown to be involved 1n apoptosis mediated by a varely of aPoplogens, incfuding
clopeside, cerdmide c.t.¢ (Zamzanit ¢ ol 1996b; De Caudin et al., 1997). 1t has also
been shown that ihe reduction or collapse of the Apm 1s involved i the induction and 1s
the consequence of the ncmbranc permeability transiton (MPT)} (Lordtty and Szabo,
1994; Ksocmer et al,, 1995). Based mainly on s vitro observaliotis, one cutrently popular
madel consisicm with excitoloxic apoplasis proposes that mithcondrtal Ca** overload

Inggers an injury response, possibly through o mitochondrial penncability transition
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(MPT), that lcads to the loss of Apm penncabilization of the inner mitochondrial

membrane, swelling of the matrnx and outer membrane rupture, followed by release of

apoptogemic proteins (Kroemier and Reed, 2000; Bemandi er af., 2001, Friberg and

Wicloch, 2002, Mattson and Kroemer, 2003).

Thercfore, the observation of mitochondria with reduced or diminished AQm appeass 10

be associated with dysfunctional miutochondna in preapoptotic cells (Isenberg and
Kiaunig, 2000),
2.14. MITOCUHONDRIAL PERMEABILITY TRANSITION (MPT)
Mitochondrial permicability transition (MPT), is an increasc in the penincability of the
mitochondrial inner incinbranc 10 molccules/solutes of less than 1,500Daltons. (<1,500
Daltons) including protons and it is favored by Ca’* uptake. When respiring mitochondria
take up Ca** in the presence of inorganic phosphate (Pi) and external adenine nucleotides,
the accurnulated Ca®" is retained indefinitely causing a damage which has been identificd
as the Ca** -dependent pore opening 0 the inner mitochondral rembranc (i.c MPTP)
The MPTP is a non-specilic protesn pore that is foimed in the mcmbranes of
mitochondria under certain pathological condwion such as stroke. Induction of MPTP can
lcad to imitochondnal swelling and ccll death and 1t plays a major role in sotne types ol
apoptosis (Gunter and Pireiffce, 1990).
The inner mitochondrial membmne is highly impermcable to liny solules and ions in

order ta ¢enable cflicicni energy conversion. Ifowcvcr, in the presence of certain 1riggers

such as (%', thc inner mitochondrial membranc is known lo become highly permeable to

such molecules. This iransition n perincabslity 1s what 1s known these days as MPT and

it 1s belicved 1o reffect the opening of the protctnonceous pores. (Zoratti, and Szabo,

1995: and Bemardi. 1999), The mechanism of oxidative phosphorylation requires that the
mitochondrisl inner mesnbrune be 1npecmicabte to all but a few sclecicd mecitholites and

Jons. If this pernicability barsicr is lost, mitochondria become uncoupied and hydrolyze
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TP rather than synthesize it, lefl unrestrained, this would inevitably lead to cell death. It
1s now recogmzcd that if the latent non-specific protein pore {MPIP) in the
“mitochondrial inner membrane gets activated. it causes just the increase in membrane
permeability needed 1o uncouple the mitochondria. MPTP opens when mitochondna are
exposed 10 ligh Ca’' concentrations, cspecially, when this is associated with adenine
nuclcotide dcpletion and oxidalive stress (Zorati and Szabo. 1995; Halestrap e af.
1997h; Crompton, 1999). Not only docs the opening of the MPT® prevent ATP synthesis,
it also causes the loss of ions and metabolites from the mitochondnial matnx and induces
exicnsive swelling of the mitochondna as a resuil of the colioidal osmotic pressure
cxerncd by the matrix proteins (Lemaster ef «l, 1998;).
The MPT was [irst descrabed several years upo. dlthougli, ongimably, it was thuught 10
occur as the result of phospholipase A, degradation of the inner sncinbrane Howexer, a
major breakthrough came 1 1988, when Cronipion and collcagues demonsirated that the
process could be inhibited specifically by sub-micromolar concentiations of the
immunosuppressive drug cyclosporin A (CSA}). (Cromipton er af, 1988). Both CSA and
Bongkrekie acid (BKA) are now known as cffcctive snmbitors of the MPT, and these
have been used 10 judge induction of the MPT (Bemardi, 1996; Halestrap, ef al., 1997a),
Howeser sccem studics indicated that an MPT inscnsitive 1o these inhibitors couid also
be induced (Gudz er at; 1997; Malkevitch, e al; 1997 and Sultan and Sokolove. 2001).
MPT s fiequently siudied in liver celis which have ¢specially lurge nuinbers ot
mitochondna (Fiskum, 2000). 1t causes the release of apoptosis-inducible ntochondnal
proteins such as eytochrome C into the cytosol, and these proteins trigger the subsequent
reactions that executive apoptosis. The MPT involves the fonrnation of a non-speeilic
pore across thic inncr tnitochondnal membrane permitling the free distribution of ions,
soluics. and small - molccular-weight molecules (<1500 Dalion) across the menthranc

[Bemardi o7 at, 1994). The collupsc of the nutochondrial memhrane potential (Apin) and
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uncoupling of the electron Wianspott chain [rom ATP production have been shown to
promotc MPT (Krocmcr ¢f «l, 1995). The physiological roles ol mitochondria MPT are

still ohscure:. however. some sludies revealed that MPT 1s a key cvent during the process
of programmed cell dcath, also known as apoptosis. {Skulachev. 1996; Kroemer and
Reed, 2000; Bemardi er ard.. 2001 ) and 11 1s believed to be accompamed bv:
Collapse of nicmbrane potential and Uncoupling of the clectron (ransport chain
from ATP production.
Induction of MPT, which incrcases mitochondrial membranc permcability, causes
mitochondria 10 become further depolarszed, meaning that A:om 1s abolished. When Agm
1s lost, protons and somc molccules arc able to flow across the inner initochondrial
incmbrane umhibited, (Schinder ¢t af, 1996 and White et al, 1996). Loss of Apm
1 interferes with the production of ATP, the ecll’'s mamn source of cncrgy, because
mithocondna must have an elecirochemicat gradient 1o provide the driving force for ATP
production. (Stavrovkaya und Kristal, 2005)
» Loss of siall matriy, selutes, including Ca*".
MPT allows Ca** to leave the mitochondrion. which can place futther siress on nearby
mitochondria, and which can activatc harmful calcium-dependent proteases such as
calpain{Knsnan and Siesjo, 1998),
~ Oxidalen of pyridinc nucicotldcs.
- Reactive oxygen specics (ROS) are also produced as a resublt of MPT, MPT can allow
anttoaldant molecules such as glutathione 1o cxit mstochondna, reducing the organclles'
4 ability to neutralize Reactive Oxygen Species. In addition, the clectron Iransport ¢han
(ETC) may produce more [ree radicals duc to loss of components ol the electron transport
chain. such as Cytochrome c. which in tum leads to escape of clectrons from the chaw

through the Mitechondnial Pcnncabtlity Transition Pore (Leutjens ¢ af | 2000).
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‘Extensive Swelling,

Isolaicd mitochondria undergoing MPT show colloidosmotic, so called large amplitude
swelling, which results in the decrcase of photomelnc absorption at 540nm (Harworth
and Hunicr, 1979). MPT causcs mithocondnia to become pcnineable 10 molecutes smaller
than 1500 Dalton, which, oncc inside, draw waler in by incrcasing the organclle’s
osmolar load (Buki ¢t af; 2000). This cvent inay lead mitochondna to swell and may
cilusc the ouler incimbrane to tupture, relcasing cytochrome C (Buki ef al: 2000). Release
of Cytochrome ¢ can in tum cause the cell to go through apoptosis (*‘commst suicide™) by
aclivating pro-apopltotic factors, Other rescarchers contend ihai it is not milochondral
niembranc rupture that leads to cylochrome C relcase, but rather another mechanism,
such as translocation of the molecule through channels in Lthe outer mcmbranc, which

docs nol involve the MPTP (Priault. ef af.. 1999)
Much rescarch has found that the fate of the cell after an insull depends on the extent of
MPT. If MPT occurs to only a stight cxlent, the ccll may recover, whercas, if it occurs
more it may undecrgo apopiosis. If it occurs o an cven larger degree. the cell is likely ta

undergo necrotic cell death, (Haworth and Hunter, 2001: Honda et af., 2006).

Much rescarch has found that the latc of the cell after an insult depentds on the extent of
MPT. If MPT occurs o only a slight cxlent. the cell may recover, wheress 1 occurs

more, it may undergo apoptosis. If it occurs lo and even larger degree, the cell is likely to

undergo necrotic call death (Honda, ef af, 2006).

The MPTP is a non selective, high conductance channcl with mulliplc inacromolecular
components (Aana er wf., 2002, Hawoah and Hunter, 1979}, Rk torns al sites where the

inner and outct membrangs of the milochondnon nicet {Crompion, 1999). Though the

exact-struciure of the MPTP s sull uithnoswn, several peoteins Probably vomg T
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fony the pore. inctudsng adenine nucleotide transiocasc (ANT) (Halestrap and Brenner,
2003), the mitochondrial innes membrane transpoiter {Tim). the prolein transporter al the
~outer membrance (Tom), the outer membrane voltage-depended anton channei (VDAC)
nnd cyclopnlin D (Fishum, 2001),
Cyclosporin A blocks the formation o f the MPT pore by interacting with Cyclophilin D
from the mitochondnal matnx and prevenling its joining the pore (Sullivan er af,, 2000),
MPTP open-close transitions are modulated by the iransmembrane clecirical potential, by
matnx pH. by redox potential, by adenine nucleotides and by Mg™*. (Bernardi, 1996).
Opening of the MPTP ys induced when the mitochondna are exposed to high caleium
conccntrations, especially when this is associated with adenine nucleolide depletion and
oxidativc stress. (Halestrap, ¢f af; 1997b; Crompton, 1999). Opening of the MPTP allows
{recc cnliy into the mitochondna of any small molecule (<1500 Daitons) including
prorons (Halestrap, ¢ of , 2000} An importam conscequence of opening of the MPTP 15
uncoupling of oxidative phosphorylation (Oloiunsogo and Bababunmi, 1980).
i Loss of Apm intcrfcres with the production of ATP, the cells main source of cnergy,
: because mitochondria must have an clecirachemieal gradicnt to provide the driving force
for ATP production. In ccll damage result:ng from conditions such ss ncurodegencralive

thseascs and heod injury, opening of mitochondnal penncahihty ransition pore can

greally reduce ATP praduciion, and can cause ATP Synthase {through ils reversal) to

begin hydrolyzing, rasher than praducing ATP (Stavrovskaya, ¢2 nf.. 2005). Thus, should
the pore remarn open, depletion of intracellular ATP will occur and ineviably lead 10
necrosis. Opening of the MPTP gencerales a colloidel osmolic pressure across the inner
mitochondrial membrane. This drives water inlo the matrix and causessiwelling,

The inncr membisne being extensively folded into enstac can expand to conipensale bul
the outcr inembranc cannol and 1his ruplurcs, releasing intermembranc protems 1t is the

release of these proteins such as Cytochrome ¢ that cnahles the mitochondna play o mle
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In apoplosis i.c thc release of Cytochrome ¢ causes cells to go through apoptosis by
acuvaling pro-apoplolic factors (Halcstrap et al., 1998a; Lemasters, ¢f al 1998; Buki e/
al . 2000), MPTP also allows Ca’’ to lcavc the mitochondrion. which can piace further
stress on ncarby mitochondna, and which can activate hamiful calcium dcpendent
proteascs such as calpain; Reactive oxygen species (ROS) arc also produced as a result of
opening of the MPT pore. MP1™ can allow anti-oxidant moleculces such us glututhione 10
exil mitochondnia, reducing the organclle's abiiity to ncutralize ROS.

En addition the clectron transport chain (ETC), may produce more free radicals duc to
loss of components of the ETC, such as Cytochromec c through the MPTP, (Lucljens et
al .. 2000). Loss of the components of ETC can icad 10 cscape of clectrons from the chain,
which can then reduce molccules and fonn [rec radicals.

TTICA POSSIBLE EVOLUTIONARY PURPOSE OF THE MPTPR.

The cxisicnce of a pore that causcs dcath led to speculation about its possible
cvolutionasy benelit, Some have speculated that the MPT pore muy smntnuze njury by
causing badly injured cclls 10 die quickly and by preventing cells from oxidizing
substances that could be uscd clscwhere (Haworth and Hunter ¢r al,, 2001). There is
controveisy about the question of whethicr the MPTD ts able 1o cxist 1 a hannless, *Low
~conductance™ state. This low-conductance state would not induce MPT (ichas and
Mazal, 1998) and would allow ccriain molecules and ions to cross the mitochondsin!
membranes. The low-conduclance state may allow small molccules like Ca®* 1o feave
milochondria Quickiy n order 1o aid the cycling of Ca®* i1n healthy cells (Hunter and

Haworth, 1979b; Altschuld ¢r al., 1992). If this is the case, MPT moy be a hasmlul side

effect of abnormai activily of a nsually heneficial \MPTP

2.1,5.2. THE MOLECULAR IBENTITY OF TIHE PORL
The MPTP was first described several decades ago, but was inktially thought 1o represent

Phospholipase Az-mcdiated danwagc 1o the inncr incmbrane. Towcver, proncenng studics
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by Haworth and Hunter in the late seventies (1979) suppested otherwisc, since the pore

has a specilic molecular weight cut-off and could be rapidly closed by chelating calcium.

| Their data were confirmed in the late cightics by Martin Crompton and Collcagues
{Crompton. ci al.. 1988) who went on to make a key discovery; opening of the MPTP

could bec inhibitced specifically by sub-micromolar conceatrations of the

\

immunosuppressive drug cyclosponn A (CSA) (Compton 1999)

's been deinonstrated by flalestcap and Davidson {1990) and Connern and Haleslzap

(1992} that the effect of CSA was exceried through inhibition of a peplidyi-prolyl cis-irans

isomerase (PPlasc), unique 1o the mitochondna, othenvise known as Cyclophilin D.
) (CYP-D) because of its cyclosponn A (CSA)-binding properties. (CYP-D 1s petidyl-
- prolyl-cis- lans- isomerse PPlasc wluch catalyscs the interconversion between cis and
| irans conformation of peptide bonds adjacent 1o proline residue, as such, it is idcally
suted {or causing the confonnational change in a membranc protein thul would be
required 1o induce fonmation of a pore, This membrane protein has been identified to be
aleninc nucleotide translecase (ANT), whose nommal funcnion i1 10 trunsport ADP and
ATP across the ianer mitochondrial membrane. 1t has been confinned by data gencrated
by Halestrap and olher scicntists that the confonnational slate of the ANT greatly
influcnced the sensitivity of the MPTP to [Ca’"). This ledl 1o the proposal by Halkestrp
and Davidson (1998) o1 in the presence of calcium. a cyclophitin D-mediated

| confonnational charige of the ANT was responsible for the formation of MPTP

I {Halesirap and Bavidson, 1990).

Subsequeni daa have shown that oxidative stress geeatly enhances the calcium-sensitivity
of the pore by iwo mechanistns (Halestrap ¢z al. 1997b). First, by increasing €yp-D’s
buding ta the ANT (Tlus s enlianced when e Hisol groups un ANT e njod fied by
oxidatsve siress and second, by greatly reducing the affiruly of the intra-nutochondnat

adenine nucleotide-binding sile on the ANF: binding of Adenine nucleatides to this sie

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

e




was shiown 1o intihit the MPTP competitively with respect to [Ca” ] The cvidenee i
support of thus hypothesis has been miounting sicadily (Halestrap 1999; Crompton, 1999)
and Halestrap ct al have been able to demonstrate dircetly that CYP-D hinds very tightly
and specifically 1o the ANT (Halestrap, ef af., 1998b) Binding was prevented but nol
reversed (Woodsficld et af.. 1998), Cromplon and Collcagues have reponied similar data
but with two important diffcrences probably, because of the distinct detergent used
(Crompton et al., 1998). First, the binding they obscrved was not prevented by CSA
trcatincnt und sccond, they observed that both ponn Voliage-Dependent Anion Channel
[VDAC] and ANT bound tightly to CYP-D, whereas. according lo Halestrap ef al.. no
other protein apart from AN was bound. Porin is known 10 be associuted with the ANT
at contiuct siles between the mitochondrial outer and inner membrunes and its

l involvernent in the MPTP 1s a matler of controversy (I{alcstrap, er al.. 19¢8h)
Final proof that the MPTP is composcd of just the ANT and CY'P-D would cequire
~reconstitution of the purc proteins into proteoliposonies 1o form a CSA-Scnsitive
calcium-aclivated pore. Earlicr data had shown that the ANT alone could produce such a
pore cither when cnticel thiol groups were modified or when exposed o high {Ca*]
(=5 imM) (Brustovestky and Klingenberg, 1996). Cronipton and callcagues were able to
reconstiute their ANT/Porin/C YD-D complex into protcoliposomes 1o produce a CSA-
inhibitable pore that apened ot 100pM [Ca?*Y (Crompton ez a7 1998) and lislestrap ot o/
have also succceded in doing the same with pure ANT end CYP-D (in the absence of
ponin), (Halestrap et alf; 2000), Thus. 11 now scems that the controversy over the identity
I of the MPTP may bc resolved; the components are the ANT and CY'P-D as oniginally
proposcd, (Halestrap and Davadson 1990), Hlowever, this docs not cxclude a role for other
protcins such as ponn in the regutation of the MPTP (Halesirap, ct al., 2000). IHgurc 4
shows thc proposed scheme for the mcchanism of pore opening by Helestrap and
Davidson (1990). AMP.P. AMP-PP, P and PP represcnt ADP, ATP. P1 and PPy
regpeciinely In all cascs. the camicr 15 assunied to be in the ‘¢’ confunmation

tconumauocn 1 which the ADP/A TP dinding site 1n AN [ 15 on the cytosolic sidc),
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as shown 10 inhihit (he MPTP compelitively with respecl to [(‘a"']. The evidence in

upporﬁ of this hypothests has been mounting steadily (Halestrap 1999; Crompton, 1999)
and Halesirap et al have been able to demonsirate dircctly that CY'P-D hinds s cry tightls
and Spcc;ﬁcally to the ANT (§{alestrap, er al,, 1998b) Binding was prcventcd bul not
reversed (Woodslield ef al., 1998). Croinplon and Collcagucs have reported similar data
but with two imporlanl differences probably, because of the distinct detergent used
(Crompton es af., 1998). First. the binding they observed was not preventied by CSA
trcatnicast and second. Lthey observed that both porin Voliage-DBependent Anton Channel
[VDAC] and ANT bound tightly 1o CYP.D, whereas, according to l{alestiap es al.. no
other protein aparl from ANT was boumil. Porin is known o be assoctated wath the ANT
4 contact siles between the mitochondrnia) outer and inner micmbranes and s
;nvol\'cmcnl 1nthe MPTP is a mater of controversy (Halestrap er al  1998h)

F;nal proof that the MPTP ts composed of just the ANT and CYP-D would require
rcconststution of the purc proteins into protcoliposomes to form a CSA-Sensitive
calc;un\-aclivalcd pore. Earlicr data had shown thal the ANT alone could produce such a
pore cither when cnlical thio) groups swere modified or when exposed to high [Caz']
{ImM} (Brustovesiky and Klingenberg, 1996) Cromipton and collcagues were able to
" reconshitute their AN I/PonsvCYD-D complex into protcoliposomes 1o produce a CSA-
inhibitablc pore that opened a1 100pM [Ca’*) (Crompton er ol 1998) and Halestrap er Kl
have also succeeded in doing the same with purc ANT and CYP-D (in the absence of
por';n). (Halestrap e al; 2000)- ‘Thus, it now seems that the controversy over the identity
of the MPTP may be resolved: the components are the ANT and CYP-D as onginally
proposed: (Hulestrap and Davidson 1990), Howcycer, 1lus does nol exclude a role for other
pfOlCI.ns such as porin 1n the regulation of the MP1P (Hatestrap, er af., 2000). Figure 4
shows the proposed scheme for (he mechonism of pore opening by [Halcsirap and
Davidson (1990): AMP-P, AMP-PP, I’ and PP represent ADP, /\TP' Pr ond PPy

respeclively In ot cascs. the carrier is assumed to be m the ‘¢’ conlonnation

iy

tcomtonnation in wiuch the ADIYATD binding site s ANT 18 on the ¢ytosohc side)

20
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Fig. 2.4: Proposed scheme for the mechanism of pore opening by Halestrap and
Davidson (1990),
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The above model is probably the inost widely hicld and in outline, it is proposed that
calcium triggers a conformational change. The process is greatly facilitated by the
binding of CYP-D which 1s enhanced when thiol groups on the ANT arc moditied by
oxidative stress. This also has an additional effect of inhibiting ATP-binding (o the ANT
Which competitively inhibits the cnleium trigger site. Binding of adenine nucleotides to
the mainx side of the ANT is enhanced by 1he mitochondrial membrane potential and this

provides an cxplanation for why the pore opens more readily in deencrgized

mitochondria (Halestrap. 1999).

Physioiogically, the diamcter of MPTP s 0.2-0.3pm, large enough to allow

micromolecule solutes to pass (Crompton, 2000). By the cifect of Ca®** ADP, ATP, and

so on, MPTP switches alternatively. This condition may play a role in material exchange
between mitochondsia and cytoplasin. But pathelogically, the opening diameter is
& ahviousiy farge (1.8-2.6pm), so, that the solute smafler than 1.5kDa can pass through the
| MPTP 10 the evioplasm, causing mitachnndrial swelling and iransmemhrane porentiat

tisappearance (Chelli, er af ., 2001)

2.1.5.2.1. ADENINE NUCLEOTIDE TRANSILLOCASE { TRANSLOCATOR (ANT),

ANT is an integral protein (Fig. 2.5) of the inncr initochondnill incmbrane wihsch binds
l ADP* on the outside (Cyiosolic surface) of the inner mecinbrane and transports it
mwardly in exchange for an ATP* molecule, simultancously transported outward
(Halestiap, 1999). Beeausc this antiporter moves four negative charges out (or cvery
three moved in, its achivily is favoured by the irans-membrane electrochemicnl gradients

which gives the matia o net ncgative charge. The proton mouve lorce dnves ATR-ADP

exchanpe (Slawci. 1987),
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opcrates as a galed pore and it has long been recognized that PT pore opening is
ghly suscepuble to higands of the ANT {Lc Quoc, and Le Quoc, 1988). @i a range of
ucleotides, only ANT substrates (ADP, dADP,ATP) were found to interact wilh she PT

h-2

ore \When occupied by transporiable substrates{falcstrap, 1998b). ANT alicmates

tween the Lwo conformations in wiuch the ADP/ATP-binding site is cither on the

Inatnx side of the inner membrane {(m-staic) or on the cyloplasmic side (c-state). ANT
ligands that bind t6 m-state (i,c bongkrekate) inhibil the PT pore, whereas, c-state ligands
{pyridoxal plosphate) activate the pore. This supgests that the c-state conformaiion 1s
requircd for PT pore opening {Crompton, 1999).

Whether ANT itself provides Ihe pore structure in the inner membrane has been
investigated in reconstituted systems. When punficd ANT is incoiporate into liposomes,
it changes from sclective antiporicr to a non-scicctive pore under lgh {Ca™)
(Bustovetsky, and Kfingenberg, 1996). As with the PT pore, Ca’’acts reversibly,
although the tune required for loss of pore activity of purified ANT on Ca*’ removal
{20mins) greatly exceeds the time necded for the PT pore closure on Ca*‘chelation
f<50secs) (Crompton, and Costi, 1990}. Other featuses of Ca’*-trcated ANT resemble
those af the PT pore In planar tipid memhranes. the condiiciance of the ANT.denved

i porc was inlubiied at low pH. with half-maximal activity at pld 6.2 which is similar o
1 thai of the P{ pore. (Al Nasser, and Crompton, 1986),

The Cumeni-Vollage rclationship showed a pronounced reversal of conductance at
150m+ 10 180mv of both signs, (+or-) reminiscent of the dependency of the PT pore on
snner — incmbranc potential {Brustovelsky and Klingenberg, 1996). Taken as a whole,
thesc dala suggest that the c-state conformation of ANT may be deformied into a non-
selcctive pore by high {Ca’"}, in line with origina} proposals. {Lc Quoe, and Le Quoc,
19881 13u) any deformation will need 1o occur isi o highly reversihle manner ag 1§ shnwn

[rons pulsed-flow analyses of FXGT A-induced pore closure (Cromipton and C‘N'. 1961
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ANT 1s only able 16 change conformations betwecn the m-and the c-states in the presence
ol transpontahle substrates. This cnsures strict antiport. In essence, the complimentarily

between the transporicd solulc and the sniermediate (between tn-and c-) states ol the

carier provides the binding encrgy for the conformational change 10 occur.,
Thus, ADP catalysis of PT porc flickce means that ANT must be in its native state

between flickers. Il ANT were in a deformed state (but ctosed) between flickers, then, the

binding cnergy between ATP and ANT would not be available for the conformational

change 10 the c-state Lo take place. and an open PT pore would not be produced. Pore
} Micker presumably allows loss of matrix Ca?* and rapid reversion of ANT 1o its native

stale. ( Alschuld. ¢ i, 1992; \chis and Mazal, 1998).

LS 20 CYCLOPHYLIN - D{CYP.D)

11 1s clcar that ANT, by itselfl, does not provide the PT pore. Thus, treatment of solute

loaded submitochandiial particules with high {Ca®"] with or without Ca!* jonophore 10
allow Ca®* access 10 both faces of inner membrance does not Iead to solute release

(Complon, ef ¢i., 1992; Mc Guincss, ef al., 1990) As with ANT, the participotion of a

further component was [irst suggested fromi the cllect of the respective ligands. PT pore

opening 1s hlocked hy CSA at a conccniration (approximately 50 pmol/img of

mitochondria! protein) mych less thian that of ANT (Cromplon, ct al., 1988)

Cyclophilin-D {CYP-D)'s involvement was suggestcd [rom the similar amount of botind
CSA nceded to block the pore and 10 nlnhit the enzymic activaty of mnochondrial CYP.
D {Me Guinness. ¢t #l., 1990: Malestrap, and Dawvidson, 1990) antl ftom the stmilar
relative sensitivities of the PT pore and nutochonirial CYP-D to CSA unalogucs
{Grifliths and Halestrap, 19915 Nicolli, cf af., 1990). in o fusther approach, a photoactive

radiolabelicd CSA denvative was used 1o 1ag the CSA “receptor” (Andreeva, cf al., 1995;

Tanveer, cfal., 1996).
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Two pore tigands, Ca?” and ADP, were ysed in conjunction with the denivative (o
pInpoint the refevant CONPONENL These ligands were chosen because they were known 1o
inlluence (S A Interactions with the pore. Intramitochondrial Ca?*not only activates the
T pore, but also depresses CS A binding to jys -

‘receptor’” on the pore (Nlc Guinness, ¢f

Andreeva, 1694) Conversely, ADP
and Crompton, 1994) v

al . 1990; Crasnpton and

promotes CSA binding
(Andrecva

hen photolabelling was carricd out in the presence
absence of |hese ligands, 3 number of mutochondrial compornents beecanie covalcnt|y
labeled by the 1he cSA derivative, but only photolabelling of ¢ yp

-B was promotcd by
ADP and abolished by Ca*’

(Andreeva ¢r of

1995. Tanveer, o1 qf . 1996) Thereby
ident fying CYP-D a5 the posc-

1550Cigted CSA - binding component
118 generally assumed ghay CYP-D associates with AN1 via the active site and (hat CSA

blacks the pore by preventing this assoclation (CYP

-D serves as a CSA receplor on the
PT pore) 1ndine with this. the binding of CYP.D to

membrancs was blocked by CSA
2.1.83, ¥

ANT 18 Triton X-100 solubijized

ACTORS INDUCING MPYp OPENING.

a110us factors enhance the likelihood of A1 p
those

\1‘

opening in some mitochondna, such g
N the central nervous systent, high fevels of Ca*

Causc the opening of the Pore (tHunter and H
This Is possibly because ca’

stde of the MP1P

within the muochondriy can

awonh,_ 1979, Brustoveisky, ef af 2002)

binds to and activates Ca® . binding sites on (he EAEIN

(Haworh gnd buneer. 1979, Ichas and NYazat, 1998) The presence of
fcee radicals. anothet result of cxcessive ntrpcellular calciym concenlrattons can also

Brustovetsky, ¢t at, 2003) Other (actors thay
tncreasc the |ikchood that the MPTP || be induced {nclude 1he presence of cory

acids (Garcia-Ruiz, ef uf,, 2000) and inorgenic phospiinic (Nicholls

conceniraiions, Ca®’

cause the MIPTT 10 gpen (Fiskum, 2001,

U faey
and |3rand_ 1980)

+ though
alonc can induce NPT (Gunter, 1 7

endoplassiic reticulum can be n faclor

&t high cnough
1994) SUess 10 the

‘N treggening MM (Deniaud

32
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Yhings that can cause the pore Lo closc or renain closed inelyde acidic conditions
cloch, 2002). high concentrations of ADP?
Brustovelsky ¢r af 2003), fugh concentrations of
conce

(Friberg and \Wi (Hunter and Hawonh, 1979

ATP (Beutner ef af | 1998) and high
nirattons of NADE (Hunter and lfawonh 19792) Divalent calions jike Mg® also

inhibit MY, because they can compete with Ca? for the Caz'-bindmg sites on the matrix

sidc of the MP 1P, (Haworth and Hunter, 1979)

In conclusion, the existence of a pore thal causes ccll death has icd 10 speculation abou

Its possible cvolutionary benefit Some have speculated that the

MPT pore niay minimize
by causing badly injured cells 10 dic quickly and by preventing ce

oxidizing substances that could becused ¢
2.1 .S.4.

injury

IIs from
Isewhere (Flaworth and | lunter, 2001)
INHIBITORS OF THE MPTP

Cyclosporin A (CSA).

LA

[ J

In 1988 Cromplon and his coltcagues demonstrated that the process

of mernbrane
permeability transition could be superficially snhihited by sub-micromolar concenlralions

ol CSA (Cromipton e ar 1988) This was a major breakthrough in the unde

rstanding af
the molecular mcchanism ol the MPT because it led to the

discovery that C§ A cxerted s

inhibitory cficet through binding 10 a specific Cyclophilin (CYP.D) within the

mitochondrial mairix (Conneen, and tHalestrap,

1992) CSA s a neutral lipophyiic,
funyally produced, |1-residuc

cyclic peptide (Fig 2 6) extracted filom the fungus
“Talypoctaduon imflamn'

" 1s a4 potent INMUNOsuUppressive agent which 1s uscd

(cg kidney, heart, lung, liver
transplants (Kahar 1 of

principally 1o suppress grafl
rcjecuon atter osgan

pancrcas and bone mareow)

1983) I & » highly citecuve agent for the treainent of

ces and (or preventing Organ-transplant rejection Inde
advent of CSA in the catly 1980 (he long-term

auloimmune discrd

cd, unul the

survival of a iranshianicd organ and

its
Fecipient was a rarc occusrence (Vocet and Voet, 200.)
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Fig. 2.6: STRUCTURE OF CSA (Voet und Voet, 2004).
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Cyclosporin A specifically binds cyclophylin-D (So named becayse theyv are speaifically

inhibited by CSA) and 1t had been proposcd that when bond by CSA, Cyclophylin-D

remamns inactive thereby: mamiaining the MPT Pore in a closed state (Brockemeier of al A

1989, Malestrap and Davidson, 1990) Therefore, inhibition of MPT by cyclosposin A

appears to prevent the cascade of cvents leading to apoplotic cell deaih (Isenberg and

Klaunig, 2600) The Structure of CSA strongly sugtests a non-ribosomal biosyntheiic

mechanism ( Zocher ¢f al, 1986)

“ Spermine

s is one of the three known polyamines: spermidine, spermine and puircscine

Polyamines arc responsible for the growth and function of normal cells They interact
]

with vanous macromotecules, both

clectrostatically  and covalently and, as g

censequence, have a variety of cellular effects The complexity of polyanunc metabolism

and the multiude of toOmpensatory mechamisms that are invoked Lo matntain polyamine

homeostasis arguc that these ainines are

calical to cell survival (Wallace of af. 2003)

The mitial discovery of the polyamines datcs back 0 1678 when

Anlonic van
Lecuwenhuek tsohiled some three

-stded crystals from hurnan semen (Van Leeuwenhock

1678) lowvever, it yas not until 1924 (hat the cmpirical foninutac of the crystals were
deduced (Dudley er of t92:4). and it was a further 2 years before the products were

synthesized chemically (Dudicy e ol 1926) The name spermudine and spermine

thesefore reflect the onginal discovery

Polyanincs are found in al

living  species, except  two orders (g Archaca.

1992)  This

importance |y

Mecthanobacieriales  and Halobacleriales {Hlomana and Maltsuzaks,

conscrvauon across evolutinm s & positive feature W that it argues for (heir

cell surviva but it may' also be a drawhack that ot inplics 3 lack of specfic function

(Wallace. 1998) Polyamines such as Spennine

and sperinidine gre used in DN A
Packaging, this is because thesr positive charge which they carry on cachy nitroucn atom ay

S
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ystological pl4 cnables them 1o Interact  electrostatically  with polyanionic

mactomolecules within the cell  Spermidine and spermine can bridge the major and

minos groves of DNA, acling as a clamp holding together either 1wo dif¥erent molecules

Or lwo distant pants of the same molecule (Matthews, 1993)

Sructural studics indicate that polyamines interact with Individual rather than multiple

DNA molccules {Tabor and lahor, 1984) In addition 10 interacting with DNA and RNA,

polyamines can aiso intcract With acidic phospholipids in membranes {Schuber, 1989) In

general, shermidine and spcrmine ncrease the ngidity of the membrane by forming

comhlexes with phospholipids and proteins Fhey may also have antioxidan role,

prevenung lipid peroxidation ( tadolini, 1988) Polyainines have been nuplicated in the

regulation of scveral membranc-bound enzynics, including adenylate cyclase {Wrigh, es

al, 1978), ussuc transglutaminasc (Beninati cf al, 1998) and Vollagcaciivated Ca®’

channels (Nichols and Lopatin, 1997, Williams, 1997)

If the defining feature of the polyamines therefore were charge, then surcly, one

polycation would be sufficicnt? The most obvious choice would be

Breatest charge,

spermine, as it has (he

largest length and mos flextbility  The sheer complexity ol the

regulation and metabolism used by the polyamines argucs that they, or their gssociated

enzyme activities, have other critical funciions within the cclf not based solely on threel

charge-charge interactions (Wallace, ¢1 at, 2003)

The polyamine, spermime has been worked on by Sokolove and l.apidus and has becn
identified as an inhibilos of the MPT of 1solated rat liver and hean milochondria

{lapidus and Sokolove, 1993} Spermine. in combination with g seiies of \npgering

Bgenies vwas used to clanfy several mechanistic details of the Iransyion process 1n 1solated

rat liver mitochondrta Mutochonkirial ssvelting was monitored as an indycalor of transstion

occurrence

Their results indicated that,
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Spermine mhibits the permeabnlity transition of isolated rat liver mitochondnia

| 2 The sensnitity of the pertneability of liver mitochondria to spermine 15 lughly
dependent on the 1onic composition of the assay medium
3. K interacts with a s ! '
| asile |
outside the mitochondria 1o decrease spermine ciTechveness
4 Sperminc likewise acts at an exlernal site, and
5

The Ca®’ uniporier in us inactive form is not the protetn responsible for ntediating
the permeabil vy transition (Lapidus and Sokolove, 1993)

Sperinme and spcrmld;nc are derived from mcthionine and crnithine by the pathway
shown below (!'hig2 7) The first siep s the decarboxylaiion of ormtinne a component of
the urea cycie and a precussor of argimne. Ornithine decarboxylase 1s a PLP (ryndoxal
phosphale) ~ rcquiring enzyme and 1s the 1arget of several powerful snhibitors developed
commercially as pharmaccutical agents (Neison and Cox  2008) &he MPT s also
polcmian)' nhibited by proton (11 ), the effeet of which 1s exeried from the matny side of

Lhe wmner membranc and 1 linked 1o reversible protonation of histidyl residues (Hunter
and Harwoith, 19792a)
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Fig. 2.7. Synthesis of Polyamines (Spermine) (Nelson und Cox, 200S).
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mr'fin'hibitors of MPTP

are N-mclh’yl-Val-4-cyclosporin A (MevalCSA), a non-

imn\unosupptcsam denivative of CSA, 2 - amino cthoxydiphenyl bora

te (2-APB)
(Chinopoulous ¢/ of. 2003)

Bongkcekic acid s also a known effective inhihitor of MPT
porc (Bernardi, 1996)

2.2 MITOCHONDRI A AND CELL DEATY,

Mitochondria play g prominent role in cell

death as a centra) organciic involved in the

signal trnsduction and amplification of the apoplotic response {Green and Reed, 1998,

lohnson and Boise, 1999) Mitochondria) dysfunction is an carly cvent preceeding

nuclear and plasma membrane alicrations

It is characicrized Dy an increase in
mitochondria) membrane permeabibily and loss of membrane potential that is r

cgulated
by

the permeability transition (PT) pore complex (Pent o ol . 1997, Green and Reed,
1998) Muochondria play a central role in both types of

celi death, apopiosis and necrosis
through 1he

opening of the mitochondr)al permeability transition pore (VP

[P) which is
thought lo be formed through a Ca?

-hggcred conformational change of the Adenine
nucleolide translocase (ANT) bound 10 matiiy Cy

clophilin-I>
Opening of the pore (MPTI

'} causcs swelling and uncoupling of mitochondsa. which,

unrestraincd, |eads to necrosis  Transient MPTP

Opening may also be invotved i
apopiosis by initially causing swelling and rupture of the outer membrane to release

Cytochrotne ¢ (Cyt c), which then activates the Caspasc cascade and scls apoptosis in

molon: Subsequent M closure allows AT 1oy ¢ls 10 be maimained, ensuring that cel|

death remains apoptoue rasher than nccrotic Thus, in addition 10 their more widely
fecognized function i the provision of

ATP, mitochondna atso play o critical role i the

mechamsm of cell death. both apoptonic and nccratic (Iinlestiap vt o 2000)

AN
Imporiant 1ote of mitochonria in apoptolic signaling 1s the translocation of ¢

ytochrome ¢
fiom the miochondrial

inlesinembranc companment umo the cylosol Once

released
eytochrome C binds to APAF-1 in the presence of AP

of dATP and gorms a4 complex
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processes and activates pro-caspase-3 and -7 (Saleh ¢7 al, 1999) The release of

eytochrome C has been linked 1o oss of mitochondrial membrane potential (Aom) and

‘increase n pernieabibity transition (Petit, er al, 1997 Shimizu, ¢t al , 1999, Marzo

etal,
t998), although there are glso reports prov

Iding cvidence that these are indepcndent

events (Hossy-Wetzel ¢ of | 1998) and independent
mechamsms exist, detering with specitic apopiotic stimul; (Zoratt a

1Bossy-\vetzel erqf | 1998)

The consisient observation of

Inetabolic cvents involved In the apoplotic cascade

(Deckwerth and lonhson, 1993,
Jacobson ¢r i/ 1994, Schulze-OQstholT ef ol

1994, Peint o1 ol 1995, Vayssiere of af

1995, Zamzami es of - 1995a, b, 1996a) Furthermore, in cell-free systeins, mitochondrig

aTc a nectssary component of the Cytosolic fraction 10 produce apoplotic features i

isolated nuscleic (Newmeyer ¢ @l . 1994) and sibsequent evidence revealed 1ha only

mitochondrsa undergoing the mtochondrigl nicnshyranc permeabi lity transsiion (M1
Pro-=apoptotic in this system (Zamzami et al, 1996b)
2.2.1. APOPTQSIS

barly pioncering studics of celi death delincated twg rnajor, morphologically distinct

1y'pes. npoplosis and necrosis (Walker ¢f af, |988) ApPOpLosis, or programnted ccll death,
s an integral part of development and honeostasis. and hardwired inio (he genetic

matcrials of cell that are gestined 1o dc Often under pathological ¢ircumst g

Inapproprintely nnplemenied resulting in desrsmentl cellular destrucign

(Fern ang
Krociner, 2001, Leist and Jaaiicla

- 2008) This grocess FCqUIres encrgy and oflen cven de

NONO 1nacromolecular synthesis, and the Specific brochenical S1eps involved ¢n tiggenng

A0

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




and exccuting apoptosis, as well as in removing the dead cell remnants gencrated by

this
process ha

‘e been described in great detail (FHlenga rtncr, 2000, 2001)

Apoplosis is a 1erm derived from the Greek word which means falling (or dropping) off

in relation to petals from fowers or Icaves fiom trees and it was first coined and used by
Keir ¢t al in 1972 Apoptosis has been known 10 occur in multicellular orgamsms as a

form of cell eliminatjon occuring during development as well as N many physiologic and

A partscular dramatic cxamplc of the physiologic role of apoptosis
IS Seen W tissue remodeling during v

pathologic processes

mbryo development or nciarnorphosis such as when
the tad pole loses its tail (Haleslrap, ecal. 2000) Apoptosis is also the mode of death for
clinination of potentially sclfreactive T-cells in o thynius (Nagata 1997), and the

conman tncchanism by which human twmor cells die, either spontancously or sn

responsc to therapeutic agents (Kerr ef af . 1994),

or cell mediators such gs nitnic oxide
(Cui et al, 1994)

Apoplosis has been proved as a genclically programmed process for cells to commi

suicidc in certain cascs, 1t s an CNCrRy requining process wluch plays a cnucial role 11

ussuc homeostasis oflcn as a counter balance for cell protiferation and thus

» Must be
stnctly controllcdiregulated as s deregulation otten leads 1o

malforinaiions nnd discases
(Kerr eral, 1972) n fact, defects in Bpoplotic pathways arc now: thought to contribute 1o

a number of human discasey, ranging from ncurodegencrative disorders

10 malignancy
(Thompson, 1995) Since apoptotic programs can be manipulated 10 p

roduce massive

changes in cell death, (he genes and proteins controlling apoptosis are potcatial drug
targets [11s now well

established that cancer agents induce apoptosis, and th

M distruption
of apoptolic programs can reduce trcatment sensiivity (Schinitt and

Lowe, (999)
Anticancer agenis induce apoptosis in normal tissue as well as in tunior

S Pathologists
who ideniilivd apoptosis in tumors have realized that apoptotic cell death Was ind

tced o
a subset of normal ussucs (e

8 bone marrow and intestine) gnd " was sugpested (hay

the
process might contnbulte to toxicily associated with cheniotherapy (Scarle

¢t al 1975)

i
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Apoptosis occurs 1n cells destined for removal in a varicty of normal situations, including

larval development of the ncmatode € clegans, insect mctamorphosis, development in

mammalian embivos including the nephrogenic zone 1n the developing kidney, and
regressi ‘

OXygen species and phosphatc inhibitors ¢ g, Okadaic acyd, calcium ionophores and a
number of cancer chemothcrapewtic agents. In some cases

il appears that high
Q@ ncentrations of growth factors can counteract the effects of toxins (W

yllic, 1981, Keny
ctal 1994, Rafl o1t 1993)

2.2.1.1. FHEMECIHANISMS OF APOPTOS!S

There is inarc than a pathway (o apoplosis, and

these include sis induction v1g 2
pathways Onc

prancipal
involving the ligation of death receptors, suchas CD 95 (also known as
the Fas/Apo-1) and tumor necrosis factor-teceptor (TNI-R1), which on binding 1o the

adapter protein FFADD, (Fas-activated protein with death domain) recrui procaspase-8

into the death-inducing signaling conplex (the extrinsic pathway). Another pathway jhat

1S triggered by a number of apoptotic stmuli (which may include modesate insuh
insullicient to kil the cell outrightly, but cnough to causc signilic

ant cell damage such as
anticanccr diugs

or irradation) s cssentially controlled at the mitochondrion (the
mtrinsic pathway) { Andres Renz cf «! ,2001)

THE INTRINSICIM['I'O(TIIONI)RI:\I. PATIHWAY

Tins ts apoplosis tnpgered by mternal signals The outer mitochendnal membranes of a
heahhy cell display the protein 8¢l on thew surfaces. Bl inhibirs apofnosis Internal

the cell (¢ g froin ROS) causes related proteins, Bad and Bax, 10 py; gratc o the
surface ol thc mitochondrion where they bind Bc-,,

damagc 10

blocking us protective cftect

and
causing Cytochronic ¢ rclease from the Interniembrane space {Korsmeycr

el al, | 2000,

Alirnositi ¢f of . 2001) The released ¢yt C binds to the protein Apif-| (Apoptotic protcase

aclivating factor-1) Using the energy provided by, ATP, these complexes ABBICRaALe 10

1
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H

plosomes The apoptosomes bind 10 and actvate caspase9 which 1s one of a

mffydl’ovcr a dozen Caspases(Li, e/, 1997, Green and Kroemer, 2005)

scs are all protcases which get their naines because they cleave proteins, mostly

ch other w aspartic acid (Asp) residues (‘Thoninberry and Lazebrik, 1598) Caspasc 9
cleaves and, in so doing, activates other caspascs (caspascs-3 and -7), the executioner

~CaSpascs creating an cxpanding cascade of proteolytic activ

ity which leads to drgestion of
slfuctural proteins ig the cy

toplasm, degradation of chromosomai DN

A, and phagocyiosis
ol the cell (Ahmonti, e af 2003)

Shown below

(F1g. B) is the classical apoplotic pathway Cells receive cither a receplor-

mediated or 4 non-receplor-mediated death signal 1o insiinte the bpopiotic pathway

Constitutive 1pstream caspases (i ¢ caspasc 8) and Pro-apoptotic 3¢l family proteins (f ¢

Bid, Bax) asc activated, resulting in ¢ cascade of molecular evenis that act a the

mitochondrion They can induce a loss of nmitochondnal membrane potenteal (Apm)
production of reactive Oxygen species (ROS), perincabitity 1ransition (PT) due to opening

ol the pcrmenbifity transition pore, mitochondrial swelling and ultimatcly release of

poptosts - inducing factor (AIF) and &ytochrome C Release of eylochrome C s a point

of' no return as cytochrome C forms & complex with caspasc 9, Apaf-l and dATY

resuhing in the auto activation of caspasc9

Caspasc 9 proceeds to cleave the downsiceam cfteetor Caspascs (caspases 3, 6, c1.c) that

LN tum act on many cellular proteins 1o give the typical biochemical and ny orphological

features such as membrane bicbbing and DN A (ragmentotion Some a
arc able to induce cell death in a8 mitochondrinl.
by Bcf

roptotic pathways
independent 1nanner thay s not inhibied

-2 In these cascs. Prodanoptotic upsteearn molecules can acivnte cas

pasc-3 dircely
llowever,

there is a feedback loop in which the activated caspase-3 acis an the

mitochondrion t ¢ induce dysfunction at later $1agcs of apopolosis (Aliniouy) e ¢rf 2003)

1)
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Fig.2.8: The Intrinsic apopoptotic pathway (Alimonti er al., 2003).

E=!

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



CTHEENTRI NSIC/DEATH RECEPTOR PAT IWAY

This is apopiosis triggered by exicrnal signals [n figure

29, Fas and TNI receptor are
integral membrage proleins with thejr receptor domains exposed at the surface of the cell,

binding of the complementary death activators (Fas L and TNF respectively) transmits a

cyloplasm that leads 1o activation of caspasc 8 Caspasc 8 (like caspasc¢ 9)
iniliales a cascade of caspase

signal (o the

actsvauion leading 1o phagocytosis of the cell

There: are tive

soluble I'as ligand (invs FFasl.) 1o the Fas receptor on the cell surface Tins iniiates the

formation of the death-inducing signaling complex (DISC), whnch inctudes, Fas. FADD

and caspase 8, and ultimately results in the aclivation of caspase 8 The interaciion of
FADD with caspase 8 can be blocked by the cellular nhibitory

protein Flip and can
therefore, block Fas.

mediated apoplosis. There are two lypes of Fas.

mediated dearh
pathways Type | s

milochondrial-independent and therefore not nhibited by the

anhiapoplonc protein el |t 1avolves the direet activation of effector caspase 3 by

the
achivaled caspasc 8

In contrast, type 2 proceeds yin the mithocondria,

resulling 1n
mitochondriaf dysfunclion and cytochrome C

relcase, to eventunlly uctivate caspase 3

-2 functions primarily ai the initochondpsa, 1his pathway can be inhibited by 13¢,
(Aimontt eraf 2003}

Since Bel
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Fig. 2.9: The extrinsic apoptotic pathway (Alimonti e/ al.. 2003).
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Apoptosis s 3 highly regula

ted ccll death mechanism that is required for sclective

chntination of cells Various apoptotic signals cycntually converge 1o act:vate

a lanly of
cysteine prolcases catied caspases, which then cleave a critical ser of cellular proteins 1o
initiate apoptotic cell geath The Bcl-2 family of proteins is a well characterized regulator
of apoptosis that intcract with caspases (Adams and Cosy,

1998. T'suiimoto and Shtmizu,
2000)

The 13ck family consists of the following three distinct sub-fanulies

(@) Ani-apopioy Ic

These share Scfuence homology at BI4,, BH;, By, and B,

licl- nselfand Bel-y
I’ro-apoployic they share the sgme homotogy at BH, .

domains (BH = 13¢)-, homology), examples are

(b)

Bil; and BH; domains,
¢xi npics include Bax and 13ak

(c)

BH; domain only protens: These are pro-apoptotic, but share hioniology, only at

a0 only Examples are Bio, Bik and Bin (
Tsujimoto and Shi mizu, 2000)

the BEly dom Adams and Cory. 1998,

ApoplolC activity of Bet-) and Del-y, and that the BH3 domain of the pro-apopotic

Ipoplotic activity (Adams ynd Cory,
1998, Tsupmoto and Stumsau,

Inembers s cssential and. nselt, sufficient for pro-

998, Green and Reed. 2000) \lemhers of

play important roles in

the Bcl,

family form 3 group of pycteins a1 the regulatioy o cell death

either cell survival, as iy Bcl-; and Kl

at. or cell death, as in (he case

2000 ). In living cells Bax and E3id orc prcdominanlly soly

and Motday. 1994) and Bel-z s associaled wy

of Bax and 3id
(Smaili et ol .

Including endoplalsmic reticulun, mitpchond 1997) and
47
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Bel-x;, exists jn both soluble and

membrane-bound forms (}su
apoptosis, |3¢|

+ ct ol 1997) Dunng
2 remains bound 10 the ntembranes (Fig 2

10) but the ¢y T
Bax, Bid and §3c|- T

X1 have been f; stri |
found to redistribute froms the cytosol |nto niecmbranes,

nitochgndnal membranes (Hsu ¢ al, 1997, |.i o
lcading 10 B3ax and ¢l

paniculas ,

teal, 1998) T'he mechanisin

“X1. redistribution o he mitochondna

: arc sy
believed (o sith unknown 13id s

be -
posi-translationally cteaved by caspase-8 (i cn

| able 1is yranslocyi
mitochondria (], ¢/ al, 1998) TR

X-ray ;
Y crystatlography and solution NMR analyses of the

rccombinant Bel-y have

indscat | i
cd that this Protein shares a high degree of structura

L ]
ral sinilarity 1o (he translocation

1981)  This suggests that BBel-y, Bel-y
(Schlesinger ¢/ o

n {0 bilayers (Kagan

and Bax mny form 10n channcls

1997) v vitres
studies have shown
shi; that the yseriion
of Bax causes th
c

release of -
eytochrome ¢ from mitochondrya (Jurgensmeier ¢r ¢f
LY 2

1998) Cviochrg
has been proposed o Interact with -

presence of dATP,

Apalsl (Zou er gf, 1997) This complex | the

€an catalyze the 3¢y

: aSCS (0 proteot
constituents P Yre cellular
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Fip. 2.10: Schematic representation of ihe apoplotic cascade and the interaction of

Bax and Bid with mitochondrion (Smaiii ef af., 2003).
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SOIme reports have suggested that the releasc of cytochrome C s associated with Bax

interaction with adenine nuclcotide yranslocase (ANT) (Marzo er o/, 1998) 2 component
ofthe P1P, thus, rlcase of cytochrome C can be associated with PTP activation and the
atlending foss of Apm

However, cytochrome ¢ release can occur in the absence of

apsc of Apm (Goldsicin ¢
special circuinstances, permeability

permeabtlaty transition and coll tal,2000) In addition, under

transition has been shown not 1o be involved in Bax-
induced cytochrome C rolease (Liskes ctal | 1993)

Bax as proaneplotic protein

Bax 15 a Pro=apoplotic member of the Bel.> family and it was firs

idenitlied as a Nel-2
binding pariner by

'™inuno precipitation (Olivai ef @l 1993) Subsequently, it was

¢r expression of Bax can accelerate cell death in response 1o v
apontosis stimul; {(Yany & Korsmey

shown that oy

arjous

cr, 1996) Physiologically, Bax plays an imporiant
role in ncuronal development and Sperimatogencsis  Amimals that Are delicicnt in Bax
have increascd numbers of ncurons and Males are known

10 be sterile (Knudson ¢/ al
1695) |

nder paihological canditions such as cercbral and cardin

¢ ischemia, upregulation
of Bax has been reported in the afflicied arca of

the tissucs, implicabvuy the patticipation
of

this protein in the prosnotions of ncuronal

and cardiomyocy
al 1997)

tic cell death (Krajewski ef

suggesting thal jnactivation o' Bax promolcs lumorigenesis by ¢

the 1mor
cells less susceptible 1o cell death

(Le Blanc ¢/ a/, 2002) pox shares with oihes
membets of the Bcl-; family the feature of having three conseryed

refions named 1344

these domains can be imporiant
regulatory funciionsof these Bel-; fasnily proteins. In addwnion,

domains 1.3 Severz! lines of evidence show thai

lar the

Bax and 3 nuniber of Bc|-

2 fanmily menibers also Posscssa hydrophobig segment al their ¢

~1Cminal cnds For I)cl-,_
s hydrophobic segment 18 redinred §o

antchor {he Protein to various ovgang||es,

50
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uding cndoplasmc reticulum , mijochondrig and nuclcar
1996). The 3.0

outer membrances (Zha ¢ f

Structures of the Bax and s pro-survival anagonist Bel-y; has e recently

been deciphesed (Suzuki ¢/ al | 2000) ‘Fhese

10NN has been shown 10 penctrale the lipid bilayer 10 form pores (

Muchmore et f 1996,
Kagan ¢/ 198 1

in hcalthy cej)s Bax s predominantly a soluble monomeric protein (FHsu of al, 1997)

despite the facy (hat i possesses a C

-ternunal hydrophobyc segaienl which ynlike those of
B‘Ci-i and UC]-m,

s sequestered inside a hydrophobic clcii

(Suzuki er af 2000) Upon
induction of apoptosis by a

vanely of agents a signiticant fraction of Bax has been

observed to translocate fion; the ctyosol to the mcrnbrane fracttons, in particular, the

mitochondrin ( Hsu

¢t al, 1997, Smailj of al, 2001) Thas tfranslocation

process appcears 1o
involve 3 conformat onal change in Bax, lcading to the cxposure of its

C.rerming|
hydrophobic domain (Nechushtan ¢7 st 1999)

ARer teanslocation. Rax may form |aryc
oligomers ance they reach the menibrane

These oligomers are associated with cytotoxic activities and hav

¢ not been scen in other
proteins such as Bid and f3ad (Nechushian cr ot | 2001). Deletion of the Bax C.rermipal
hydrophobic domain abrogated the ability of the mulant prole

N to translocate (o
mitochonria and greatly

aiteniiated s abiliny to promuste cell death Qn (he other hand.

that target the expressed proteins 1o
increased Bax yoxicity (Wechushian o7 o

translocation of Bax 1o mitochondy;a

point mutations of Bax

m(IOChondrla grcatly

1999 & Nechushtan ¢ al., 2001) The

15 associated with the relcase of cytochsome ¢ o

the loss of Agm (Jurgensmeter ¢¢ af |, 1998, Goldsicin et

may be reiated (0 the observallons (hat |3x can fon

N 10n

channcls or PoOICS In
hondal nicn brancs { Antunsson ¢/ g/ .2000)

3|
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‘Ytochroine C activates caspasc-

3 leading to the proteslysis of the celt white the loss of
ADIN corresponds 10 g decrease ip cellular cenergy production. The

pro-apoplotic activity
Or 'hxs hO\\‘

tver, can be counteracyed by co-expression with pro-sumival factors f3¢)-2
and Bel-X1., which can block Bax (ranslocation (g

the: muochondria during apoplosis

(Vander ticiden o of  1997) Sinaili al

(2003} using Cos-7 cells transfecied wyth g

just before the

13ax to mitochondral membrancs (Smaili ¢ af, 2001) ln cells

CO-Cxpressing Bax and Bel-y,, slaurosporine was not abie (g induce cither Aam collapse

comiplete translocarion of

or 13ax (ranslocalton

BIs domain proteins and cell death,

'l'hc B] l)

regulatory aclivity. Caspase cleavage of truncated Brd (1B1d) CXposces the 13t domain,

Causing its translocation to mitochondria and promotuig cviochrome ¢ rclease

(Gross, ¢/

al, 1999) 1In ncuronal cells, 1t has been shown that the B,

dotnain causcs a
peimeabslivation of 1he outer membranc,

leading to cytochrome C rclcase w

affecting inner membrane INtegnty or permeability yransition. These cftects m

dependent an the presence of Bax (Polster

ithout

ay be
¢l ol 2001) The caspasc

10 trigger the homo-oligoncrization of the pro

as Bak and Bax (Korsnue

-aclivaled (Bid 1N
believed

-apoptatic famaly members gych

Yer et ul ., 2000) This oligomeni2anion can

mduce he rclease of
cytochivine ¢ (\V

¢ vt al, 2001) The precise mechanism by

hich cylochroime C s

released 13 pot under stood; however, 10 nr certain extent, celeas

C call be rescued by
EYOgenous cyiochrome c, showing a reversible comfioleit of nyq

sfunction during apoptoss (Mootha ¢t o/ , 2001t
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‘aspascs

process of apoptosis must be carcfully controlled The character

istic niorphological
changes are douw

nstream of intcractions between two main groups of molecules

(Caspases and the Bel., tamily members) s there are Interactions between the 2 groups,

or indircetly to the

conscrved, highly specific and ctlicient family of cysteinyl aspartaie-

specific proteases called Cispases (Thormberry and Lazebnik, 1998) Caspases are

expressed as Zymogens, the active enzymes arc thought to be teiramers derived from 2-

pro-caspase molcculcs, containmy the large and small subunis (Cohen, 1997)
Cytochrome ¢ (Cyt. c)

bound 10 the Outer surlace of the inner

imitochiondrial membrane |y alternately binds 1o
cytuchrome

¢ of complex 111 and 10 cytochrome ¢ oxidase (Complex tV) and thereby

functions to shuttle clectrons belween them Cytochromec's binding stic contains scveral

I.ys residues that lic in 4 ring around the expased cdge of its pthe
heme  group Evidemly,

1nvacian MVISC buried

cylochrome ¢ has negatively charged sjqes that arc

compleinentary 1o the nng of positively charged Lys residues on 1

(Voct and Voer,
2004) 1n 1996, V.ju ¢

t af, madcethe crifica) obscrvation tha Caspase activation by Apaf-|
in a cell-free system requeired d\'fP

and eytochrome ¢ Cylocrhome c binds 10 Apal-1,
po!SI'Ny A% IS c-terminal cnd. since

A c-lermimally runcated form of Apal-

| no tonger
requires the eylochrome (Srimvasulg of al, 1998)
The complex seli-assoeigies und reciulls proscaspascy, w

hich arc then processed 16 their

achive formy T hese include caspases-q, 8 and 9, the |ater being recruited oSt sirongly

Metal 1998) The requitement of cytochmne ¢ by an POPLAIC pathy ay s

the firs
the involvemeny ol mitochondria In apopIosts §u1

venible cvidence for

sequent
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Tk revcaled that cytochrome ¢ translocates

from the nitochondria into the cytosol just

a few hours into the apoplatic programme, c 8 affer stumulation with Fys ligand, Turnor
Necrosis Factor, staurosporine or withdrawal of growth faclor

(Reed, 1997, 1uce et uf )
1998).

l.ike mosy mitochondrial proteins, cytochrome ¢ 4 encoded

i the nucleus Apo-
CYtochrome ¢ synthesized in the cytoplasm s imported in an unfolded state mto the
mitochondrial tnicrmembranc space. here, the haem group 1s covalenily attached. and the

holoenzyme assumes its nature conformation Apo-cyiochrome ¢ iy apoptocticalty:

inactive Cytochrome c is the sole water.

mcmbrane (Kannt e/ al, 1998) Since clecirons fiow rapidly down

the respiratory chain,
cylochrome ¢ can associate and dissociate rapidly

with cach complex, and IS not ughtly
bound (o cither 1y js normally restricied to the Iniermembranc space by the \ntergrity of
the outer e

inbrane b appears mitochondria are persuaded 1o lose their cy1 ¢ by the

acuon of 131d, the B3| [3-only Bax inteiacling protein. which 1s a substrate of Caspasc.g
Wang's group showed thay

the 26.000 Mr Cytosolic protein (s cl ¢
a 15,000-

aved in-vitro 1o produce
Mr c-terninal fragment wiich binds 10 150lated ntitoc

hondna and brings about
the release of eyt ¢ (Luce

¢t af, 1998) pOid's Cleavage occurs i1%-vivo carly

N apoplosis
(Li er at, 1998)

It appears therefore, that Caspase-8 activation of the Dy

SC (Death-
iInducing signaling complex) can lead

fo Bid's cicavage and release of ¢yt ¢ 10 the
cy10s0l. The mechanism by which €y! € 1ranslecates o the cyrosol dunng apoptosis has
Lot been clucidated in detail and is still a maucr of debate

T
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mitochondrial meinbrancs, such as the permcability teansition pore, thereby', inducing

hyperpolarization and permeability teansition (Marchetti er of, 1996 l.uo er ¢

4, 199§
Desagher ¢ af

1999, jurgensmeicr ¢f o/ 1998, Eskes ¢t uf 2000) ‘These events have

been proposed 10 cayse the entry of water and solutes, matri

i change in mitochondrial permeability (Goldstein g «f , 2000), suggesting

that this process nvolves additional or uther mechanisms than opening of the

permeability transition porc Probably, Avom-dependeny and-independent

mechamsnis

« Hossy-\Welsef ¢

T pores are controlled by pro-and dnl-apoplotic inembers of the Bel,

family of
proteins,

which can bind 10 these channcis and regulate the release of cyt

C tnto the
cytosol (Shimin et af |

1999, Narzo i af 1998) The externalizasion ofcyt cisa rapid

and apoplusis.specific process becausc it was not observed

In necrosss induced by dtverse
inggers (Andeca Reny o gf . 2001)

Apoptosis laducing Factor (ALK

The linding of other Majoi pro-spoptotic factors n the intermembrane Space has recently

consolidated mijochondrig involveinent in apoptosis These cOmpAise a propofion of

certain procaspascs including Procaspase-9 (Mancini 1 qf, 1998, Susin 1 ¢ . 19992} and

a 57.000 Mr. apop(osis- inducing factor. AJJ: (Susin ef al . 1996, Marchey 1 al,

1996)
Krocnter's group has identified

5§
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A number of key obsery

auions cstablish the importance of AIF in apoptosis Thus, in
normal cells, All° ;s restricied

induction of apoptosss leads 10 AlY translocation to the Ccytosol and to the nucleys

When
added to isolare

d nucles, ALK broughi about chromation condensation and NN

 cleavage
tnto large fragments (Susin ¢r o/, 1999;)

Recomb inpnt A, without the Navin prosthetic group was similarly active, when Injecied

into the cytoplasm of cells, AIF Induced nuclear chromatin condensation, It also caused

EXposure of phosphatidylserine on the outside of

the plasma membrane, a feature of

apoptosing cells \When added toisolated mitochondria, AIF induced the releascof eyt C

9 The laiter finding sugpests 1le possibality of g
(Susin ¢t o/ 1999b) Thus, like Cyt

and caspasc- positive (ecdback loop

C. All" scems 10 be bituncuional, with both
oxidoreductasc and apoplogenic

funciions (Crompioun, 1999)
2.2.13.

NON-PROTEIN EFIECTORS O \POPTOSIS
< Calcium ion (Ca?

Catcium has the largest gradiem of any chemical across the plasma membrane of all

Iivang cells The concentration of calcium ions in cxtracellular Auids is 1n the milliinolar

range (10N1), by contrasi, the calcium ion concentralion i the cytoso! is some |10,000-

fold lower on the order of 10°'NL This large concentrntion gradient 1s maintained by both

the passive 1mpermeability of the plasma membrane 1u calcium

extrusion of calcium fiom the cell

Ca’

ons and by the active
(Farber, 1990). A niarked and prolonged ticreasc n
15 harmful 10 cells pecause 11 leads 1 activation of calciyrn-

dependent enzymycs
having putenuially adverse cffects,

such as lipase

phosphatases  Also, cell calcium oyer load

€an causc rnitochopgrial Failure wlich

i

irrevermble can fead to cell decath (Kriswan and Siesju, 1994)
[:xpcriments ulilizing nominally Ca’-|rce (2-5uM) miedium and/or (nira- ey
~ ccllular €a** chelators showed that increases uf [Cn’ ' |, could resull primarily gom afux
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om the extracellular Space, redistribution from intracellular Compariments, or from both

imlux and redistribution (Swann ¢r of, 1991, Smith ¢1 of | 1992) Normally, ]Ca"]-. 'S
tightly controlled in the range of |00\t and s regulated by transpon systems in the

plasmalemma (Caraloli, 1991), 1he tnitochondria (Gunter and Pfeifter, 1990) and the

endoplasniic reticulum (Gl er «f, 1989) Regulation of [Ca®') can beo affecied by

primary or secondary interactions involving cach of these three main rcgulalory systems
(Carufoli, 1987) and clevation of [Ca®'}, are related to further inANux (Putney and Bird,

1994, Randriainampita and Isien, 1993, Berridge, 1993)

Tsien, 1994
hite and Reynolds, 1996 Whiie and Reynolds, |

997, Wang and Thayer, 1997) a1
sticady state, there

1S a balance between influx of Ca’" across the mitochondrial

membrane Mitochondria start 10 accumu|

dic calcwum when the cylosolic calcium

concentration rises over a “set point” (abow 300nM) (Gunter and Pfleifier, 1990) Each
InCreament (Maimained) in resting cytosolic [Ca? ) Bwes nise 10

Increase in milochondrial ICuI'I until, at

Ca®

1 proportionally greaier

about § - 3N cyvtosolic Cy? mitochond ;)

overload occurs (the mitochondrial Ca’* content tends

towards infinity) (Nicholls
1978)

The mitochondria)

molecules up to 5000Da , while the nner membrane s lightly scaled 10 3t 10ns but [or

the presence of specilic transporters The uptake of Ca’’ into the mitochondrial nigyriy

under phvsiologicay condilions doces not depend on AT hydrolysis byt rather on

- Presence of o so called “Ca? unipener” (presumably, o uated
]

channel) 5
farce 18 provided by the

negalive (in the patrix) membranc porential generated by he
Fespiralogy chain (Mozzan, and Reazuto, 2000) Vs uptake mechansm SCrVCs

10 suppon
:nsiive witochondrial cheymes such ys

the key fegulatory N2y nicy ol oxidatyye
i
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mectabofism, namely pyruvaie dchydrogenase, oxoglutarate dchydrogenase

and 1socilrate
dehydrogenase (Gioldstone ef al |

1987) and acis as 3 inechamism for remncyval of [(?az'l‘

S
{from local arcas ol the cell Ca cMux

ltom mitochondria inta the Cytosol occurs via at

feast swo diflerent mcchanisiys

1 The Na'- dependenmt Ca?* effiyx which probably has a stoichiometry of 3Na“

| Ca°
(Pleiffer ¢ o, 2001) and s therefore clectrogenic  ang favoured by the
iransmilochondnal membranc potential. This scems to be a donvinan: Ca®' efllux

nechanisim in skeletal muscle, nervous system, heart and cndothelial celis {Scdova &

l3latter, 2000, I'hayer er af 2002) The Ca?’ extrusion through the Na ™ Ca® exchanger s
accompanied by the accumulation of matnx Na“ which s then extruded by the Na 't
cxchanger 1hus completing the Cq?

2000)

- cycie and Festonng 1ome gradients (Kalan ¢l of,

2 Na'- ind¢pendent Ca®' efilux IS probably directly coupled 10 it

entty with the
stoichiomelsy of nif' Ca?

. where n s probably >2 (Pfeiffer ¢ al, 2001)

it was
demonstrated that this exchange plays

a sigmiicant role i liver and simoath muscle
nitochondria (B3ernard;, 1999) 1t s a non-electrogenic exch

anger present also 1n kidney
mitochondria, which behaves as a5,

active Ca’ 72H" exchanges (Gunter e7 al, 1998) ¢ g

could also be relcased from muochondria through Ihe penncability trans;

\ion pose (PTP)

(Rizzuto ¢r of , 2000) The P17 s a channcl jocaied i the Inner membrane which could

be a pathway for Ca®" ¢Mux from the nutochondria (Gunler o1 af 2000. Srnaili o7 of |

2000) i1 ts belicved to have both low-and high-conductance sinies (Bernardi, 1999,

Opening of the large-conductance PTP channel 'S enhanced by a reduciion n A@in, and 15

[Ca*') and increascd nainx pH Sinco this happens dyr Ing

overload, a !arge conductance mode of the PTP channel js therefore,

stimulated by clcvated maicix

. ca

thought 10
centnbute 1o ihe collgpsc of Aqin and relcase of Mitochondrial {actors

1hay m'ggcr
~ apaplosis Cyrosolic Ca’" has been proposcd tw play an imponan

rale in the trigyering of
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apoplotic signals in the regulation of cell death-specific enzymes such as endonucleases

(f\icConkcy & Orrenius, 1997)

Recent studies have shown that Ca?* stores in the endoplasisic reticulum may play a role

N apoptolic induction, syice o reduction of Ca®" release from the endoplasmic reticutum

Can prevent mitochondrsa| datnage Lndoplasmic reliculum Ca?’ release can also sensitize

intochondnia to retease Cylochrome C, and Pro-apoptolic protcins such as Bax and Bak

have been suggesied

10 play a role i (his process (Null ¢z of 2002) Calcium signals

have been identified as onc of the major signals which converge on mitochondria 1o

Ingger the milochondrial-dcpcndcnl pathway of cardiac apoptotic cell de

ath (Pacher o/
al, 2001) Cucrently,

i 1s not clear whal roles Bel-: family members play in Ca?*
signaling during cell death Some investigators have shown that they play a modulatory

- 2
role, since over expression of these proteins can change Ca® concentration it the cytoso]

or th the intracellular sloics

Overexpression of Bel-2 has been reponied Lo prevent Ca™ release from the endoplasmic

teticulum i response to apopivuc inducers such as thapsigargin (Bafty e af

1993)
Also, il has

been shown that over cxpression of Bax in culwired cells causcd a loss of

endoplasmic reticulum content (Pan etal, 2001) Bid has also been associated with Ca?*’

signaling and Propagation to mitochondsia 1t is possible tha (Bid Induces a sclec)ive

perrncabilization of the outer mtochondri) membrane 10 Inositol inphosphate-indyced

mitochondrial Ca?’- stgunling (Csordas ¢ a/ 2002) This change

N mitochondrial

peemeabilily night be related to the tBid-induced remodeling of mitochondria| stcture

that evokes a mobilization of the cylochrome C stores {Scorrano el ol 2002)

Ca? 15 the fundamcital PT pore activator in almos all Icponsan the lierature, wWith the

only excepticn being 1 pore opeming in single iImmobilized Miochondria \ndyced by

1998) |

allinity sikes, 1¢ Nd-

mﬁpphondcially generaled reaclive oxygen species (Huscr o al
itochondrial Ca** activates the PT poce by binding o Jow

St
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250M (A! Nasser and Crompton, 1986), and Increasing to Kd >200uM in the presence

of ADP (Halestrap ef ar,

1997). Since Intramitochondrial free Ca¥ s normally

- maintained below 10pA, it is clear thay severe mitochondrial Ca** overload is needed for

pore aclimanon When basal (resting) cytosolic free Ca?’ riscs, the minnochondrial Ca?’
B) cy

cycie would be expected to produce mitochondrial Ca’ overload

Resting cytosolic [(Ca®’) increascs during ischacmia, and Increases further and more

abrupily on reperfusion, when this is associated with injury These changes have been

iper e

al, 1993) Cytosolic free [Ca?'] in whole organs, such as heart can be measured by L.

-aminophenoxy) ethane- NN NN
accetic acid ("SF-BAPTA™) (Stecenbe rgen et al 1990)

NMR of the Ca?* Indicator, 3-Nuorobis-(Q

In perfused hiearts, the rise in Ca™’ begins when about 1wo third of cell ATP

has been
depleted, and rellects the failure of Ca*’

pumps in the plastna mensbrane and

sarcoptastiic reticulum as the cylosolic phosphorylation potential fails Intraccilular

(from lactate) also contnbutes, ly lcading 10 increased Intracctiular Na®
(plasma membrane Na /14!

acidification

cxchange)and consequently, impaired plastny membrane

Na'/Ca’" exchange This becomes pronounced on repertusion

when  the acidic
cxtracellular Muid is washed out,

leading to high pH gradiem across the plasma

metnbrane (Scholz, and Albus, 1993)

In carly stapes, the sisc in the resling cytosolic free (Ca? ) i ischaemia (heart) or anoxia

(isolated mvyocyies) s promptly restored 1o low physiologtcal fevels  on
anng that the rise iy ICa"] precedes cell death (Alshire

ctal 1987, Stecithergen eraf | 1990, Miyata s al, 1092)

reperfusion/rcoxyyenanen, indie

(_jqbbmd and co-workers (Allshire el . 1987, using cardlomyocylcs landed with

' @5 Ca’ indicator, tnade the imporiant observatjon that feoxvgenalion onty

Iow.rwfng cytosolic [Ca’] if o cratccal limn of L-2\ (g3

is not exceeded
60
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" overload.

overload and PT porc acuvation may be a
Precondition of this form of coll death (Crompton, 1999)

* Oxidative Siress

It has been suggested thal reactiyve Oxygen species (ROS) pPlay an importam role in

apoplosis, andg several groups have shown 1hay molccules th

a1 siimulate formation of ROS
can result i apoplosis (Flensler v af,

1999, Kelso ¢ 2001) and a process inhibited by

antioXidant (Koren of o, 2001, Chreslense ef of » 2000) Orhers reponed produciion of

ROS by 4 widc range of apoptotic stimuli (Rutz er af 1997, Cai and lones, 1998,

Gottlicb ¢/ o/, 2000 and Shaulian w14l , 2000)

Under normal conditions, clecicon lcanspoit in the mitochondrial reg

piratory chain
crcates both a H™.

poicnual, the inside of 1he mitochondmia being negative Duting ths process, ROS arc

produced up to 5% of the Oxygen reduced is converted by complex | 1o superoXide (O,

ROS probably duc to dithyol

Increased production of supcroXxide favors |he

(Cadcnas, 1989} 1t is known that the 2T can he Induced by

cross-linking (Kowaltowski, 2001) Thus,

activation vfa mitochondrial it porc

it appcars that this pore can act al least in two differen levels of conductiniice and

feversibility At tow leve! of conductance, the MPT POrc opening is rev egsible and docy

10l cnanl a targe amptitude swelling of mitochonorial matrx, although docs

=

causc g
apsc of the Ao (Ichas and Mazai, 1998) At high tevel of conductance, the NPT

18, +3 isteversible and lcads to large amphiude swelling of

the n1itoChondfial

&¢C relcased fiom
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h ndﬁmmaner\v and Pantados, 1997, Susin ¢r g/ . 1997, Zamzami ¢r af ., [997,

d Kluck s ai  1997)

high oxygen concenirations, the diminished availabiity of reduced cofactors of the

p't"rulory chain and a high Awm tend 10 Increase the nutochondrial radical formation,
‘Which 1s subsi

clectron reduction of oxygen to a onc-

clectron reduciion (Car and Joncs,
1998, Skulachev,

1998) The imitochondrnial-derived ROS are vital not only becausc

nutochondnal respiratory chain componcnts are present in almost all cukayotic cells, but

aiso because ROS produced in mitochondria can readily influence initochondrial functjon

Without having 10 cope with long diffusien imes fiom tie cyvtosol (Lierad |, 2003) Two

sites 111 the respiratory chain complex 1 and compelx [t have been suggested to be the

ndjor ROS sources (Yurrens and Boverris, 1980 lurrens, ot af . 1985, Turrens, 1997)

Based on stoichiomeirical catculationts, superoxide was suggested as the primary product

with hydrogen peroxide as the sccondary product. (Cadenas et af . 1977y

Superoxide is converied to 11,0, by supcroxide dismutase resident in both intracellular

and extraccllular components (Marklund, 1988) 11301 readily difMyscs across cell

tnembrancs [t has been shown that peroxides :nduce 17 pore openink n ysotated

rauchondria provided Ca® is present, peroxides alone arc incffective (Crompran of o

1982, Crompion and Costi . 1988) The requirement for both uxidamt stress and Ca’’ for

PT" porc opening n isolatcd mitochondria imgilics a sinilar dual requircment In-vivo
This gucstion has noi been addressed. but peroxide.
i

wduccd oxidaive sress 1S typically
associated with Ca’* over load (Nicotera o7 af 1992)

Oxidant-stress-induced pore opening is readily reversible Thus, pore is fyly reversed o

Oration 61" nortoxia (Crompton and Andreeva, 1993) Mitochondria pgc); catalnsc and

) is reduced by GSH (glutathione peroxidase) (Olafsdo, g and Iteed, 1988)
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Oxidative gyress could be ¢nhanced by the oxidation of G

S and pyridine puclcotides
through the sequential acyjons of

glutathionc peroxidase, glutathione eductase and

Mridine pucleotide transhydrogenasc (Niemenen ef af |

1997) FFrom this_ 1t appcears that

GSIHL NADPH or NADIY pools
lzarly repons showed (hat the complex | inhibitor rorenanc and the comples be, i AR
antimycim  could

stmulate  syperoxide  and hydrogen peroxide  formation

on
submitochondrial particles (1

urrens & 3overss, (980 Turrens «f o/ 1 982)
Mutochondria respond 10 1his radical

—induced oxidative stress yish @ defined aptioxidant

defensc system, cnzymatic antioxidant sysicms {(mitochongal

supcr oxide deismutase gnd
the glutathione redox system) (Rady ¢r «f, 1991)

IF the enzymatic scavengers are

cc, mild uncoupling mediated by

s still dues not work and there s prolonge
stress, such that a cenain Agn dechine is reached duc to mild y
reversible opening of the pc¢

uncoupling protcins (Skutachey, 1998) 1V
oxidative

ncoyupling, a

rmeabiluy transition porc {*TP) can occur

This process increascs the permeability of the inner muochondrial inemibranc [or solutcs

up 1o 1500 D4 and results in a much greater deereasc in Ay 1han during the urevioys
steps - Further prolongation of oxidative stress usually result in an srreversibie PT pore
is compicicly dissipated and oXidation uncoupled fron

phosphorylavion (ATD synthesis stops). The next

opening  when Agm

Step 1s the staning pomit of apoptotic
process, if a sufficiem number of mitochondria fyllow this path aud rejeasc Cyt ¢
{Skarka and Ostadal, 2002)

A, MORPHOLOGICAL CHANGES DURING APOPTOSIS

The process ol apoptosis tnvolves some morphologica) changes (] "8 211) and though it

wis lhOUghl lﬂlllﬁ“)‘ that 0"1)' nucle but not C)'loplnsmlc (’l’B.lnC“Cs undcrgo major
modilications (Kerr ¢ af., 1972), large evidences have heen accumutyyed Indicating (ha

Iall" ccllulas compurienents orc concerned, with e milochondrig being carly affected

11 and Krocmer, 2001)

(X
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Fig 2.11: Schematic diagram of ihe morphological changes in apoptosis (www.

aibas. org, retrieved March 27, 2008).
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.lh 'I a ¥
¢ morpholagical changes character;zed during apoptosis are listed below

hoshatid \ PONT
vl scrine externalization (). \ggregation of compacicd chromalin

to the wall
of nuclear mernbrang

(1) Cyloplasmic shnnkage (I1V) oss of miciovilli and gap

[ragmentation and dispersion [hrough

(vesicles) (cytoplasmie blebbing) are tormed

junctions (V) nyclear

H cytoplasm (V) apoptotic

0 vio, (he bodies “bud ofr "

disperse and are phagocytosed (Lincz, 1598 and [Macker, 2000)

It s
S important o note that alshough 2pOPI0sis refers 10 charactetistic morpholoyy

variation '
an occur, depending on sumuli, the cnergy status of the cell and iis

changes which can be called apoptosis must be limited (by definition), it is a spectiym

and is br
oad cnough to tncormpass observations such as mitochandrial exclusion

obiserved hy Chiu e gl . 2000 and suggcsted 10 fepresemt A novel mode of cel) dcath

Phesphatidylscrine (1'S) Externatization:

In non-apopiotic cells, phosphatidylscrine (8) is found in the inner leaflel of the plasma

membrane. The externalization to the ouser leaflet is an carly event I apoptosis PS
]

cxtesnalization may be a signal to phagocyics, although this has been shown nos 10 be
an

absolute rcquirernen for macrophage recognition PS acis as a pro co-agulant. an i
. clicct

that is rcyersed when il ts boun n \ B
S d (o annexin V' Anncxin V s used to identily cells (Linca,

1998)

Cyloplasmic Shrinkage: The shrinkage/condensation of the cytoso) is presurned
.

result from water ¢iflux, possibly dccompanying K and C|' |oss through aerivat d
nate

channcls in the plama membrane, adthough the details of tins miechanism have not p
cen

elucidated {Trimp 2nd Berezesky, 1995). Onc possibility 1 that increased 1Ca’'| ind
uce

vVaYioh o fCal” - dependent chloride channcls, cstablished g "N importan) nicchanis
m

1e iegulanon

I (]
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modification of sntermedigge filaments, atl dye

10 yncreased [Ca?'), such distuption of

Junctions often results i remarkab|e

shapc changes in the cell as well as modifying (rans-

spitheli '
epithelial ranspont propernics (‘Trump and Berezesky, 1995)

. (l}'lO]ll:.smic lcbbing. -
blcbbing. |n apoplosis, the naorpholog|¢a| changes involve o]
oplasmic

blebbing, nuclear chromatin clumping and condensed mitochong;ia i
|

the carl '
Y reversible phase or apoplasss, onc of the most gbvious cel

formation of cy1oplasmic blebs that ofien form rapidly at the cell

surface Nicotera, ¢
al, 1986 (.cmasters ¢1 al 1987, Phe | ;

IPs ¢1 ol 1989 Blcb lormatiop

| involves aliered
: : | :
hicractions ol cytoskeletal clements with the plasimalemma

[n several cell Injury

modecls, it has been obseryved that bich lormation occyrs Bl a

threshold ofap |
| proxiinately
300-400nM [Ca®"), (Phelps et al., 1989 Smith o al,

peroxisomes The blchs commonly pinch off"and detach and are later phagocytosed b
vlosed by

adjacent cells or sloughed ofT into extracellular space It has been speculated 1h
Ctlaled that yhe

membrance interactions induced by blch lormnas

b 1
0 Ca™-acuvaied ncutral protease degradation of cytoskelet

discruption of the cyloskelctal-
Ion is dye

al membranc-associated

Proteins (Nicotera ¢7 af., 1986, Ellipet ¢
( 986, Elliget et ol , 1991). or 1o Ca’-aclivared

| phospholipasc
aclivity and relcase of fatty acids (Trover ¢f of 1986)

I'he calpains comprise q Jarge

B1oup ol 1socnzynies with at least six disnct membery Ikese protcing gl
4% medhators

LY ?'
of Ca®' signals and may activate or modify other proweins. including 1hose [
¢ ol the

tytoskeleton and protein kinases (Soido ¢f o/, 1994) Some of the ajerqt
crallions p

| the
con{ormapon of the cytoskelelon ¢ g depolymerization of microtubules, resy) 4
rmm Increases ol [Cn: I¢ wlulc others may resul from Cﬂ:- aclivated

. aled  proteas e
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and Gores, 1093)
Nuclcar changes [n carly slages of apoptosis, 1he cell undergoce

s marked cylosolic
shrinkage and densilicition,

widespread blebbing of (he cytoplasm and pucleys
(avwihrop ¢ ¢/ ' 1991) and some mitochondrial

condcnsation These changes occur carly

and arc associated wiath clumping and densifjcation of the nucicar chromatin This IS
associated with changes in the nuclear marix (1c DNA condense

s and marginates (g he
inside of the nuclecar niembrane The inechanisty for the

s¢ changes s not known by may
be due o cle

1998), which

avage of nuclear laming and nuclear scaiioid attachment facior (Lincz

normally appcars 10 senve a5 an active sie for regutatiny many yenomic
functions including DNA replication, genelranscription and RNA

Changes in the nuclear Matnx can be deiecled by several ntonoclonal antibodies

including those 10 (NEMP) Nuclear matris prolcin and (NL.

'MA) Nuelear Ahatic
apparatus protein (Cohen ¢ of |

1992, Yang ¢r af 1992)  Chromaun lragincnt

and
depending on the cell lype and interval after imtaton, 3 “ONA ladder™ patterm miay

be

rauclcosomal bregks
ation of cndonucleases thar prefercntially degrade DNA a jhe liternuclcosomal

scen m acrylamide gels, resuhing lrom double-siranded jnye

| (Activ

seclion s a very charactesisiic event of apoptosis (Arends wr o/ 1990 and Crompion

| 1992)). Whilc this paitem is readily induced in thymocytes after varous stimuli, studies

have shown that DNA breakdown may follow diftereni panerns (

Arends o2 al 1990,
Fawthrop e7 a/, 1991, Gerschienson and Rotello, 1992, livans, 1993)

In some cases 1he process procceds rnuch more slow| ¥, with an ordered serics of changes

coinmencsnyg with the lormation of DNA fragment of J0Ukbp tha are then degraded (o

50kbp and finally 1o 10-10kbp. Inlubitors of the serine protcases dlock (he degradulion of

the large fraginems. In sull other cases, other fonns of 1IN degradatign

nnl nvoly ng
strand breaks have been shown 10 oceur In spitc of the prominenye of

L AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

DNA damage




if

“during apoplosis, there §s mounting cvidence that this may be a later

cvenl because (g g
preceeded hy the morPh°|08iU~ changes Morcover, ynhibition of DNA

ol prevent cell death (Cohen, o o

fragmentation docs
1992), and identical changes can be \nduced ip

nucleus-free cytoplasts (Raff o 3

2.2.2 NECROSIS

Necerosis, the seeond lype of cell death js radically d;

flerent from apoptosis in almost
CVCry respect

The teem derives [rom the Greek keenel "Necros'” mecaning ‘dead’ (wiath g

sense of dismay), and refers

10 the accidemal death of cells exposed 10 oxireme

€avironincnlal or genetically encoded Insuils (Walker,

el al, 1988) Injured celis

undcrgonng necrosis display gross morphological and ultrastructural featurces that contrast

sharply with those cxhibited by cells undergoing apoplosis. Death s accompatied by

extensive swelling of the cell, distension of vanous cellular organcllcs clumping and

randorn degradation of nuclear DNA, c¢xtensive plasma membrane cndoc)iosis and

autophagy (Hall, ¢7 o/, 1997, I'errs & Krociner, 2001)

1 \ ) o
| Necrosis 1s gencrally considered 1o be 2 passive process because it dogs ot require peyw

protcin synthesss, has enly munimal ¢ncrgy requirements, and i

ol regulated by: any

homestatic mechanism In hurnans, neerot
| t anmism » necrotic cell death occurs gencrally i response to

severe changes in physiociog cal conditions, Inciuding hypoxia, ischcnun, hypoglycemia

loxin cxposure, to reactive oxygen metabolnes, cxtreme tempcerature changcs and nuicien

deprivayion (\Walker ¢ o/ 1988, Nicotera ¢r «f 1999)  Scyeral neuradegencege)y
'c

syndronics and discases, such as Alzhcitner’s discase, Huntingion’s diseqse, Markinson's

dixcase, amyoiroplue lateral sclerosis (Price e a/ . 1998) and cpilensy, also

necrosis Necroy;s affects a Sroup of cells rather than 110 (3%

apoplosis {Majno and Jonis, 1995, Levin, 1998)
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€ytoplasm and mitochongria ci

irly on which culmitdte in the complete, disintewration of

organcllcs "|'hye process cnds

ith total cell Iysts Biochemical fegnyses of neccrosis

include logs of regulation of jop horncoslasis, random digestion of DNA and DNA
frapmemation after lysis Severely damaged

surraunding cells (Aderem and Underlull, 1999)

DIFFERENCES 13 ETWEEN APOPTOSIS AND NFE.CROSIS

While an active participation of the aftected cell,

oflen involving ¢ novg protein

synthesis, characterizes

ecrosis generally represents a cell's Fesponsc ¢ pross injury and s [requently induced
by an overdosc of cytatoxic agents Fhe carly event of necrosis 18 1nitochopdrial swelling
followed by rupture of 1he plasma membrane

and releasc of cylopliasmic constituents,

which incjude Proteoiytic enzymes. This process triggers an inflammatory reaction in the

lissuc and ofien results in scar fonnation DNA degradation is not S0 extensive during

necrosis as in the case of apopiosis, and the products of degradation are hetcrogenous
Stz¢, not forming any discrcte bands on clectrophoretic gels as do thosc of apop1osis

(Wvillic, 1992)

The main dilterences beivween Apoptosis and Necrosts are sunimittzed below i tahle

(2.1} and ligure (2 12) below
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'ABLE 2.1: TABLE SHOWING THE DIFFERENCES IN APOPTOSIS AND

NECROSIS.
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Fig. 2.13: Comparism of the dorphorleglcal Changes between Apoptosis an¢

Necrosis (www. aibns. org,, retricved, March 27, 2008),
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DESCRIFTION OF T'1tE REPRODUCTHVE, SYSTEM.

THE TESTES

Th'c testes (male glands) i all mammals are paired encapsulated, vold organs consisting
of semyniferous lubules scparated by nnerstinal tissue Their sizes vary according o the
s{)cc;cs In rodents and unguiates, they can be as much as one percenl or more of the
hody n‘cight tn human and some apes. they arc considerably smaller (Harcoun ¢f af,
1981)

2. TIHE EPIDIDYMIS,

The cpididymis s an extremely convoluled structure, which is closely attached to the
dorsal part of the laicral surface of the testicle (Seichell, 1977) [t is an cfferent roule
tsom the testis (ductuli ailercnies), which has a tostuous canat It extends from the
anterior 10 the posterior of 1cstis and 1s held to it tirmiy by connectivie tissues 11 15 lilled
o segments demarcated by connective tissue, Sepa and the organ 1s contained witluin a
fibrous tissuc capsule {Oycyesm. 2000)

Vhe scginem into which ductuli eflierentes enpty is called the itial segniemy and the
remaindec of the epididymis is loosely defined into three parts viz; The caput (11ead),
corpus (Body) and caudal (Tail) epididymis. An alterntlive subdivision based on
histological and functjonal criteria has been proposed (Glover and Nicander, 1971) The
ePididymis is divided into three parts, initial, middle and rerminal segments The 1ystial

with sjicrm maturation w
and middic seginenis are primanily conceriied with s) vhile the yerminal

segnient is where the matured spern are storcd Prior to ¢jaculation or voidance smo yhe

urine In cesiamn rodeits such as fat. large accumulation of fat surrounds the proximal

reRions of the epididymis (Glover and Nicamder) Changes occurring in sperm during

epididynal migration have been corselated with the function and initegrity of the ks

and the cpididymis (Rao, 1971}

12

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



L SEMINAL vESICLES

ITregu wvert)
gular diverticula In other mammals such as the bull, ram, and boar, the seminar

vesicles consist of '
nsist of componcnt glandular tissuc arranged 1n multiple iobes and containing

a sy'stem of ramificd secretory ducts (Mann and Wilson, 1949)
HISTOL.OGY OF T EF MALE REPRODUCTIVE SYSTEM,
234,01, HISTOLOGY OF TUFE TESTIS

The Testis is a double gland vrpan that has both cxocsine and ¢ndocrine Tunction The

¢xocrine product is chiefly the sex cells, and thus the tesits may be referred to as 3

¢ytogenic gland, sviule the cndocrine product s an internal sccretion by cerain
specialized cells. The testis is suspended within the scrotum and 1s smmedsately
surrounded by the testicular capsule, which is composed of three laycrs, viz

Fhe outer layer, or tunica vaginalis

The middte layer or tunica alhuginea

The innerinost layer or tunicit vasculosa

The histology ol normal testis is shown in Fig 2 13
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B =

y of | w iuulu vaginalis

Fig. 2.13: Histology of Nornta! testis (Wheater’s Functional Histnlogy, 2006).
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"

ls an 1 ‘: ! Y c t:

and soinc leydig cells in Ve m
E cclls in a joose connecti ¢ tissuc, which extends gver the intemal aspect
e

therefore, all the lobujes. The albuginea

| . there is an
¥ppreciable number of smooth muslc cells. [n

the region of the testicnlar artery, there are

d 10! Or 1 t
motst cells, which may relcase vasonclive matenals that influence (

| he blood
vessels of the testis (Nistral e a!., 1984).

HISTOLOGY O TIE Kkp DIDYMIIS.

The comprehensive Itstological description of the cpididy

nis has been carmied out in the
"M (Fig. 2.14). This deseription subdiv

Ided the epididymis into between six and cight

histological zones, The cpididymal cpithelium is complex in thay ‘\tcontains a vancyy of
< ) (o)

< i i
cll types cach cel lypc varying as a propottion of the tota) Population ai different points
dfong the duct. The Predominant ccll type is dpical sterocilin, other cell types are apcal
|

tells, basal cells, clear cells and hato cells (intracpithctinl lymphiocyie), (Reid and
. an

Clcland, 1957).
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Fig. 2.14: Protile of the ductus epididymidis (Wheater's Functional Histology, 2006).
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S SPERM MORPHO[ OCY

351 NORMAL SPERMATOZOA IN
Moriphology refers

ANIMALS

lo the shape and structyre of the sperm. A nonnal-iooking spenn has

an.oval head and g lasl seven 1o

Meen times longer than the head (Fig 2 15), On a semen

amalysis, in which Spem) 1s looked at under the microscope, defectyv

C spenn can be

~ identificd by their large heads or strange tails (kinked, doublcd, or colled). Sperm

\notphelogy is routinely evaluated as pant of a standard semen analysis. The results of

Sperm motphology indicate the percentage of sperm that appear nonnal when

scnien s
viewed under the

Mmicroscope. Abnonmal sperm mozpiology may be 3 contribunng factor
in infatiity, Morphology may be even more important than count or otility in
detcnnining potental fenility as abnonmally shaped sperm cells cannot fertilize an cgg.
About 60Y% of spean should be nonnal in size and shape for adeguate fertility. The
perfect stiucture is an oval head and long ajt (www.hcalthcarcmaguc.com, 2009). 10%
abnomality is allowed for brecding animals, values above this may indicate inferulity in

animals (Reecc, 1997).
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.3.5.2. ) . 3 3
SPERMAT@ZOAN ABNORMALITIES 1N ANIMALS

permalozoan abnommalitjes may be classified

s hcad, body and 1a) decfects, Blom

(1950 have classilicd these threc anatomical groups of sperm cell

abnotmalities into two

funthe

¢Antna
génntnal epithelium and as secondary forms that oceur after they have lefl

the perminal
cpuh'ehum, A

dunng their passage through the mesoncphric ducts, dunng ¢jaculation or

' H' :i 1 h ] 0

'

1950). in (1973), Blom classilicd the abnormalities as primary and sccondary or majo
r

and minor sperm defeets wiile Moss of al., (1988) have classified these defects into
Bnkry, secondary and leruary or miscellancous defects (Fig. 2.16).

Spennatozoan head abnormalitics include mcroccphalic heads, inacrocephalic hegds
douhle heads, clongated or narrow heads, pyriform or pear-shaped heads with a namow of
lapering base, twisted and iregular-shaped heads, round shon heads, abnormal
Scrosomes (knobbed spermalozoa), nuclear cnvelope nvagrnations (ncar equatar),
detached of frec heads (Guermnseys), detached palea capitis and acrosome. The latter 1wo
3¢ possiblc “"secondary” abnommalities. Macrocephialic heads with a broader than normal
basc have been shown by various tests to probably be cells with a diploid chromososne
conlent (Giedhill, 1965; Salisbury and Baker. 1966).

Abnonnal spermatozoan motpho logies May be caused by the followeng:

Festicular gbnornuhtics that are present ai birth (congenital).

High fevee,

ey drug yse

Infections (www healthcaremagic.com, 2009
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36,  MALE INF
2.3.6.1.

ERTI)TY TESTING.
SEMEN ANA L VSIS,

Investigay '
hvesligation of (he possibility of male infertilily jnv

g olves the yse of resulls from g
tests and factors, Some common male

factor infetality tesis which

Infoimation on how -

well a sperms cell has been produced and matured

as well as how i
INteracls with the seminal Nuids jnciude;

1 Sper '
pernt couni: - Also referred to as the concentration,

the sperm count s 5 measurcment

of how iNi
many million sperm cells are present per milliliter o £ semen

On avenage, s
| . Spem
cel) coumt should be above 60 million/m).

2. Sperny motility: - Speym motility or mob;

Ity is an assessment of how well the sperm
cells mov

¢; ideally a1 least 50% should be aclive,

3. Sperm morphology: = The shape of a spemt cell is also qutte important when it comes
to fertility* When examimng spenn's moiphoiogy, the sperm cells will be examned under
a m;cmscope for cenain traits. Sperm: cells are classified mto Nomaaloval shaped

tapered, amorphous, duplicated and immalure. Nomal spermatozoid must have an ova;
o wath smoolh contour, an acrosomal cap encompassing 40-70% of head, no
bromality of mid picce, or tasl and no cytoplasinic vacuoles of more than hall of 1he

PN cell’s head. The head size should be about 5-6 pm x 2.5-7.$ Hin. Striel chteria for

spam cell’s morphology include:

SPETM cell’s head: smooth oval configurstion, with length of 5.6 micions, width, 2.5.3 5

m;cmns. Acrosome COMpOSES 40.70% of the antenor spcm cell’s head

\ig Piece: axially attached and 1.5 1imes the hcad length, <l pm in widih

Yail: straigh, uniform, slightly thinner than the midpiece and uncoiled (WHO Laboralgry

Mal_lunl. 1902).
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and kicking (literaly).

! '
Post Ejacula ory Volume (PEV): This test

IS done to sec wh
cther or
Ihe spcm s B

ejaculal
| } cd backwards (o (lie bladder. a condition kno\vn
cjacmaﬁom a5 relroRiad e

3 Fl‘“(‘f 1 d c
= 4ove; This (cst 1s cim cicm
il ttod termin Cc
aZoospCmisio conditio
| Cd out (o ns. WhCthf
spcmi

IS beink plocked o r just not produced.

1 szm
SpeCipen; |n some cascs, ther
, £ could be low sperm
count that no spen
ncells are

foticed on (he yniti |
cinihial test shde Ho\wever, s
! » Spenii cells may shill be )
present in the cjacul
ale,

This (est helps 1o determines 1f there is any spenn by spinning dosvn th

¢ cJaculate samp|
leWing all -

the sperm cells that may be present to SCpataic and gather af the botiom
)
the qube, r

116y, 8 o e
SUPPLEMENTARY TESTING.

L. Antt-sporni antibodies: Some instances of male infertelily can be attributed (g anti-
SPer apubodies, This is an immunological response whereby the male's body aitacks yl;e
SPerm cells, Inipedling fertility tn a vancty of ways. The antihodies may preven the spenn
tells from being able to praperly travel through a femalc's cervical mucus.

. Kruger ntorphology; if momhology of sperm cclis 1s found to be a probiens, Kruger
'Phology 165t oy be done, it allows for close cxamination of a sperm celj's shape
-I!"(?V‘“unlion ynvoives cxamining a sperm cell's hiead, mud picce and tait,

e bigod ¢ofts+ Ie u Semen sample contains & lugher than usual number of whiie

. Il may fqdlcntc a past snfechion or poss:bly tflammation, while some Wil
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10be problemgtic.

oMUy Progression. The pest

PEnh dre able to make {wivay

classilied |1 g¢ follows:

0
. No movement

]
! Movement, non fonvard,

]+ Occas:

casional movement of a foyy sperm.

| 2 Slow undirected

2+ -

Slow'directly, fonwvard movement,

b FFast. but undirected movemeni.

. FFast. directed forward movement,

3+ Vv :

ery fast forward movement.
4

{(WHO Laboralory Manual, 1992).

L4 LIVER
241, ANATOMY OF THE LIVER

Extremely fast fornwvard movement.

The Jjver ;s the largest gland of the body. 1t nomally weighs about +,5kg 1y i an organ
0 the upper abdomen and fithng under the draphragm. It has {wo main tohes, the nght

Iab being much larger than the left (Fig, 2.17) (Chopra, 2002)
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TN iver —
| ol Left lobe =i
Hepailc veln — l
- Stomee b E*';:':;t'f
| » Bile gor:t'r'hv::n

Sranch of
Papetic

Portel veln L
artary
| liepatic grtery
Gadldledtey __—F= / ANy = ) il

' W R — ml.ﬂ””.ﬂu

Ouodeny K ) e
. ki Clese- up of  lobyle

Pig* 2T Ana(omy of the Liver (Live r-\\'ikiPCd la, 2008).
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UNCT IONS OF TNHE LIVER

/A10US functions of the liver are carried out by the liver cells or hepatocyes.

ﬂ-livcr : ' ‘
| produce and cxcretes bile (a greenish Jiquid) required for emulsilying fats.

Some of the bile drains directl Y into the duodenum, and some isstored in the galiblad der

3 The liver performs several roles in carbohydrate metabolism;

: Gfuc&tcogcnes;s (the synthesis of glucose from certain amino acids, lactate or glycero)),
i"chogcnolysfs ( the breakdown of glycogen into glucose) (muscic tisscus can also do
this)

Glycogenesis (the formation of gl ycogen from glucose)

The breakdown of insulin and other hormones

The liver s responsible for the mainstay of protcin meiabolism

The fiver also perfonins scverat roles in lipid metabolism:

> Cholesterol synthesis

* The production of triglycendes (fats)

The fiver produces coagulation factots | (fibrinogen). 1! {prothrombin). v, V11, IX, X and

X1 as well gs protcin C, protean S and antithrombin.

The liver breaks down haemioglobin, crcating tnetabolites that are added 10 bile a5

mgiucnt (bilirubin and biliverdin)
The liver breaks down loxfc substances and most medicinal products n a process called

: 'dtug mc‘abolism This SomClimcs TCS““S 3] lOXiCﬂliO“. when the mﬂabOhte 1S mofc loxic

~thanys grecurser

Uhe fiver conycris amnpionig fo ured.

iver storcs 2 multitude of substances including glucose {in the form of 8lycogen),
‘ r
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cal ¢ffects-

i | the riticulocndothcjigi sysliem of (he
Mafy immungjogically yetive cells, g

s cling as a “sjeve’ : :
101 \id the pona| system, for anligens carried

. . ysis, an cxpcrimcntal ireaimce
liver failure, (Laver-Wikipedia, 2008). -

2.4.3. FUNCTIONS OF BILL;

h helps | ' : |
PS to emulsify apd saponify fats in the smatl intestine byits atkalis, jn tns h
: way the

surface ¥ :
arca s increased and lse action of enZymes are increased

n . . - .
shmulaleg peristalsis in the intestine.

IS a ch nnel “) m and loxsc sub ances rom the
d I or cxcrction o lg cnis loxy sl lf 1t bloodslrvcam h
® Suc

a5 alcohol and other drugs (\Watson ¢t a/, 2000).

244, DISEASES OF THE LIVER

f\‘hfn)f diseases of the liver arc accompaticd by jaundice caused by increised levels of
bilitybin i the system. This bilirubin resulls from the breakup of the he mosglobin of dead
od blood ¢elfs: normally, the liver removes bilurubin from tie blood ang cxereles i
through pite

Hepaiyis, inflammaiion Of the liver, caused mainly by vanous viruses byl gg0 by
S0Mc poisons (e.g. alcohol). autoimmunily (auioimmune hepatitis) or hereditary
l P"ditfons.

-tlcoholic falty Jiver disease, o spectrum In discase, associated with obes Y and

crized as an abundance of [t i the liver; may lead 1o pepais,

Patitis and/or cirrthosis
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I | '
VEr replacmyg dead liver cels. The

cd by viral hepatitis, jicoholign or

“’“SOH‘S discaSc di ay isease h €S the y c
' d thc |[ dISc Whlc caus ‘h bOd tO rclam

Pnmary ‘ ity
sclcrosing cholangilis, an inﬂammalory disease

of the bile duct, |

mﬂo"nmunc I nalure, e

Pnmary p;|; : : ;
Y biliary citvhosis, aut0immune discase of small bile dycts

Budd-Chiag syndrome, obsiruction of the hepatic vein.

_G' ‘
lbeu's syndrome, a genetic disorder of bilirubin metabolism

found in ,b
the populytion. e

Gly 3 '
lycogen storage disease type II, the build-up of glycogen causes Progressive
IVC muscle

WCakness (myopaihy) throughout the body and allects vanous body ;
| 11ssUuCsS.
ParicUlarly in the heari, skeletal muscles,

liver and nervous Syslem (Sherlock and
D°°lcyv 2002).

fatep in 1. - :
fmlife (primary biliary cirrhosis). The cause of the latier remains unknown, Wh
cn

the p; - :
bile duets outside the liver become narrowed and blocked, the condition ;s called

Primge : . s ' ]
myry sclerosing cholangitis and is oflen associated with chronic ulceration of the colo
n

(5titis) (Sicelc of al., 2007).

* Hagy o : i ic liver i
A somalosis: Ficimochromatosts is thc most common genetic liver disorder, It

Yolies . xces s iron storage and is usually Jiagnoscd in adults. (Gathenage ¢ 7, 2004.)
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in the Jjver, replacing dead jver cells. The

:
cells can for ¢Xample be caysed |

Wilh other liver-toxjc chemicg|s

* Cancer
of the |jver (nei
(primary hcpatocellular carcinoma or cholan '
£i0carcinoma gnd

Fl\Cli‘StﬂﬁC S i
rs, Usua“y rom Othf pﬂﬂs Ol’lhc gns[roinlcs“'nn] )

\ e f .
Vilson's disease, a herelitar Y discase which

use '
L causes the body 16 rerain copper,

mary | 1h
Y sclcrosing cholangilis. an inﬂammmory discase of

| the bile '
aulonhmunc In nalure. - llkd)r

Primgry kit : i
Y biliary cirrhosis, guioimmune discase of small pile ducts

Budd-Chiari syndrome, obstruciion of the hepatic veipn,

C' '
tlbert’s syndrome, a genelic disorder of bi

linebin metabolism, foy
+ lound in aboy 5%
the POpujation. ]

Weakness (myopathy) throughout the body and affecis varlous body
| Issucs,
PdUcularly in the heart, skeletal muscics,

ltver and nervous System (Sherlock gng
Dooley, 2002).

* Chronic gjje Duct Blockage: This condition can occur at birth (btliaty atresia) or develop
laler in e (primary biliary cirthosis). The cause of the latier remains unknown. When
he bl ducts outside the liver become nenowed and blocked, the condition 45 cajled
Pnmyry. scicrasing cholangitis and is o flen associated with clvonic uiceration of the coton

(%litis) (Steelc or ol., 2607).

*ily . .
Mochromalosis: 1{emochromatosis is the mosi common genelic fiver disorder I

b , :
- YOhves gxcess iron storage and is usvally diagnosed in adults. (Galhierage ct of , 2004 )
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- LIVFR FUNCTION TrsTS (L.FTs)

transaminases {c.p. a)anine 1ransdpynase

. aspatiaic

' c.

o
Hale dchydfogenasc amorg others (Knight, 2005).

245, X,
’ ALANINE TRANSAMINASE (ALT)

"'imlnc amino nsfc P
INO{rans rasC can l | Yt I
a1so bc Cﬂ"ed Scmm Glulan
11C uvale |
ransaminasc

(SGPT). Alaninc aminoransferase (ALT or SGPT) catalyses the

- reversible tqnsfer of

Broup from alanine 1o a-ketoglutaraie lcading to the formation of pyruvale and
an
utam; ' s ions | ]
Shutamae. 1y i present in higher coneentrations in the liver;

lesser quanuiics arc found in
th kidney,

heart and skeletal muscles. Injury or discases affceting the Liver causes the
release of ALT into the bloodstream thus elevating scrum ALT levels.

Mosi Af T clevations gencrally are caused by liver dysfunction. This czyme is speeific

“M senstlive for hepatoceliulac diseuses. Increased levels of ALT can signify Hepane

Aeerosis, hepatic jschemsa, cirrhosis, hepatitis, hepatic tumour, cholestatis, hepatotoxie
Unoes. gbstructive jaundice, severe bums, myocardial infarction, pancreatits ¢ ¢
(Wopman, 1999). [n figure 2.8, ALT catalyzes the transfer of an «.amino 8I0UP front
qanine 1o a-ketoglutarate, the products of Lhis reversible transamination reaction being

PYTu¥gtc gt glutamate, (Parling et af., 2000).
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COOH |
- % - NH, CH,
H =0
Alanine
#'3"7""8 minotransferas COOH
Pyri dOXaI Pyruvate
phosphate
COOH f"‘:’““
C=0 f”“
CH, FHI
CH, dis f T
o COOH
a- ketoglutarase e
Fig. 2.1 Renction of Atanine Aminotransfcrase
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| )
ASPARTATFE TRANSANINASE (AST)

“also known a¢ Serum Glutam:

*\Plransfc
rase (or SGOT) catalyses the yransfer of amino group f

letding 10 (he fonnalion of oxaloacetatle gngd
higher conce

wgumraw. oM agpartate 1o .

found |y glutamate. Ty czyinc is

Mrations (n hean muscles, |

wver cells, ckeleta
| muscle c
lesscr degrec i the kidncys, il

pancreas, and red blood celis.

Discases or i1
INJUrICs 1o cells of these fissucs causc clevated serum jevels [ AST. AS
cleaved from : ° o
the blood 11 3 few days, Scium AST |evels becomce elevated Sh
ours afler

cel} injury, peak a1 24 10 36 hours,

and relum to normal 11 3 10 7days
Ch‘rorl[c, lev

Il cell ingury js

,n arc.'on. hcpa'l. s' - - : ' ' g 1

S
Nury, hepaij
* hepalic mctastalis, sev
» Severe deep bums, skeletal muscle |
i r3uma. pnmay
. musclc

bc"bcﬂ', diabctic kctoac,dosis, pregnancy, chronis renal dialysis (Limdi et a), 2003).
AST 1leo assisls in carly recognition of toxic hcpatitis which results from CXpostire to
drugs (ke acclominophen and cholesterol lowenng nicdications. Other disorders or
diseases ; which the AST dctermination can be valuable snclude acuse pancreayjs
INUgc|e disease, traumag, Ssevere bum, and infectious mononucleosis. The AST (csi may bc.
donc at 1he samc timc as a lest for ALT. The ratio of AST o ALT is sometimcs uscful )n
dmcrcnliming between causes of liver damage and whether the liver or anoiher organ hs
been damaged. Both ALT and AST lcvels can fest for liver damage. (Nyblom et af,
004, Nyblom o 2., 2006).

2452

. .
| RET are (/o 1s0cnzyanes of Asparlote iransaminose.

1 E, the cytoslic (soluble) 180cnryme which derives munly from red blood cells and

ISOENZYMES.
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-
ve

C

1al ys which
| 1al1sozyme which 1S predomnanily present (n hver.
'd concengration of .

mitochondrial AST (mAST)
@

I 1S small (normg)ly<4U
nsﬁkrable &
| activily in hean and liver yjssucs (Rej

» 1978). AST catalyses the

fq.q >.amimg g
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Aspartate Amino
Transferase

Pyridoxa)
phosphate

Toon
| =0
CH,

r COOH

Oxaloacetate

—_—

COOH

C=0

l
sz
CH,

COOH
a- kctoglutargte

H -~ C - NH,

COOH

Aspanale

o
Fig. 2.19; Reaction of Aspartatc Aminotransferase
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*  ALKALINE PHOSPIIAT ASE (ALP)

. i.. .
kajine phosphgase is al enzyme present

IN the cells of he biliary dyeis. Itecatalyses (he

vdrolysis of orpanic Phosphate monoesters

5 from man
s L 4
nucteoy;des, Y types of molecules, including

proicins, #lkaloi '
and alkaloids, It occurs mamnly n |iver cells next

10 bile ducis, and

S ruiscd

aiknlinc
phosphnmscs arc mosl Ve | 1
ciTeclyve In an alkaline '
cavironMment. The
opumnl pH for

the activi ;
acuvily of the E. colj eazyme is 8.0 (Garen, ef af, 1260) while the bov

: _ INC enzym
OPhnium pH js slightly higher at 8.5, o

|s

Measty;
dstatic tumor of the bone, hypeiparathyroidism, Paget's disease. theumatoid atheyi
IS

)]
cCrcased ALP lcv0|$ are dmgnosuc of hypophosphalcnltu. malnutn’tion pemici
. ous

ancm; . '
13, scurvy, The S'-nucleonidas: enzywme can aid the diflerential diagnosis of caus
cs

of ALP clevation (Palmer, 2004),

2=,
1.5.4, CAMDMA-CLUTAMYL TRANSFERASE (GGT)

SIMma-glutaniyl transpeptidase (GGT) catalyses the transfer of amino acids ang
Peplides ;cross the cellular membranc and POssibly participates glutath:one

Melabolism, Tye highesi concentration of this cnzyme are found in (he Kidney,

heans

h IS

splcen,
*Intestine, brain. and prostate gland, This test is uscd to detect liver cell dysfunclion

the niost gensitive enzymne for detecting biliary obslruction. Increased |evels is
| flidicnlivc of liver discases (c.g. hepatitis, clithosis, epatic, necrosis, hepatic tumour,
ﬁflﬁsmis. hepatotoxic drugs, cholcstasis, jaundiCe), Myocardial infasciion, alcohol
<stion, pancrealic discases (Dufour ctal 2000). GGT catalyses the reaction beqween

lutasnybp-nitro anilide and Blycylglycine 10 produce p-nitroantlide and gamimy,.
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L-0

“Blutamyl-p-pitroan;ijige +

L-0

glycylglycinc
y GGT

"Blutamylglycylglycin +p-nitroaniline (Szasz, 1969)

n

IcaVing |
lhc C IAY L I ]
yswlnc prOdUCl IO prcsc c int accul“nf homCOSIaSIS 0 O\ldﬂ“\-c
L 5"css.

(Schuiman ¢ (7. 1975; Yokoyama.,2007).

GGT is involved in Icukolrienc metabolism (Raulf cf al..1985). GGT
Sutfuce on gl

Kidney,

1S found on the cell

cells, with particularly high concentrations in the liver, bile ducts, and
[} [] nn

The enzyme is also present in other lissucs, such as the epididymis, The GGT

Present in scrum appears to originate primarily from the heputobilary sysiem, and its
aCvily s elevated m all fonns of liver disedscs. GGT 1s more sensitive than ALP j,
detecting obstructive yaundice, cholangitis; and choleeystisis. High levels or GG T are also
€N n paricnts wilh either primary or secondary liver cancer. Increased levels are also
U in sera of heavy drinkers or patients with alcohol cirrhosis. In palicnis receiving
Alticonvulgyn dnugs such as phenytoin and Phenobarbital, increased fevels of the cnzyme
In SerYm may reficet induction of a new enzyme aclivity and the toxic cflects of glcohol
and other drugs on microsomal structures in liver cclls.

Lt SUMmary, GGT is the most sensilive enzymice indicator of hepatobiliaiy jiscase
Wailapje al present; nonnal values arc rarcly found in the prescnce of liver giscase,
tver, GGT s of liltle value in aicnipling 10 discriminate between differen kings o ¢

jsciscs. 'Normal® lcvels of the enzyme arc secn iIn cases of skeletal giscase, 4

\ oldet than one year of age and in healihy: preghant women (conditions in which
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° nlc

dlobtliary g)scase (Teitz, 1987)
15 BLOOD
'h)od:

15 a specialized bodily flyid

+1989) . In veriebrates, i §

.I'rl‘ b

dl-otl'dc( ' um lor cxcreior oducls’ Irans ortation
4 plasma bcmg the main medium p p
r iclory pr I’ |

A h ] 00
lood Cclls Ih(:mscl\vcs (Ganong. 2003)- he bt d cells present in blood arc main|
alny

§¢ contain hernoglobin, an ron-=contmning protein, which facittates transpor1aiion J
0

0 : R |
Xygen by reversibly binding to this respiratory gas and greaily Increasing s solubility
i
bloog, contrast, carbon dioxide ts almost enlirely transported exiracellularly dissolved

" Plasma as hicarbonate jon (Alberts, 2005)

Blood s circulated around the body through blood vessels by the PUMPINE action of

the
hean In animals having lungs, arcrial blood carmes oxygen from inhaled air 10 the
¥S%ucs of (he body, und venous blood cames carbon dioxide, a wausic produc) of
Hiclabo ism produced by cells, from the tissues to the [ungs 1o be exhaled. Medical Adiats
Jlkh;w 10 blood often begin With hemo- or hemato- (0lso spelled haemo- angd lnemato.)
the Ancicnt Greek word @Cpa (fima) for “blood™. In teons of anatomy jnd
ogy, blood is considercd a Specialized form ol connective tissue, given jig origin in

s and the presence of potential molecular fibers in the form of fibrinogep,
".Ilz‘cm‘.:
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FUNCTIONS OF 31.00p

e « and |actic acid) from
unologjca ' ' '
gical functions (tncluding ¢irculation

¢ign

the same. | has

mechanism), messenger functions (i

the signaling o tissue damage).

IS in the range of 7.35 . 745 :
(Shmyxier, 2004).

T2 T
CONSTITUENTS OF B1.OOD

Blood -
9€ accounts for 79, of the human body weight (Alberts.

2005). with an dverage

waler's density of 000 kg/m3
has a blood volume of roughly § liters (1.3 gal}, composed of plas
ma

den '
sity of approximately 1060 kg/m3, very close to pute
The average adult

and sey. |
several kinds of cells (occasionally called corpuscles); these formed cleimenis of ¢y
! ol the
00d jrc cerythrocyies (red blood cells), lcukocytes (while blood cells), and thromboc t
(Platelers), "

By volume, the red blood cells constituie aboul 435% of whole blood, th
. the

Plasma ghoy; 54 3%, and white cells about 0.7% (Shmukler, 2004).
L3 RED BLOOD CELLS OR ERYTHROCYTES

he red ploog cell or erythrocyte count ranges from 4.7 to 6.1 willion in mate and from,
42 10 5 4 million in fcmale. In mammels, Mature red blood cells lack 3 pucleys and
rBanciics They contaii the blood's hemoglobin and distribute oxygen. The red blood
ceils (logcther with cndothelial vessel cells and other cells) uce also marked by
glycop'olct'ns that define the different blood types The proportion of blood occipicd by
fed bjgod cells is referred 1o os the hematocat, and is nommially about 45%. The combineg

area of alf red blood cells of the human body would be roughly 2,000 tinses as

the body's extenjor surface (Robert, ¢! al.. 2006).
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*1g. 2.20: Histology of the Red Blood Cells (Erythrocytes) (Ganong, 2003),
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WIIITE BIL.OOD CEl
‘Jl't. about

ASOR ) FU KOCYTES

4,000 11,00t
11,000 leukocytes. White blood cells are

- part of the ymmupe
Y and remove o)d or aberrant cells gnd cellul

ck

infcctioys  debris, as well ¢
agenits (pathogens) and foreign substances. The ¢3 :

called 1cukeniia (Ganong, 2003). The fiv neerol leukocyies i

€ 1ypes of white blocd cells produced by he

MaiTow ‘
aTC shown pelow |y (Fig. 2.21) and they nclude;

quulﬂlp t
hl's: I SC (] 0
J hc arc lhc moslt aunicrous Wh“c cc]]S ]l-s.

the iy
first 1o attuck an infection, and thus

S doclors will
ome do counl the nuctrop ]
. l J hil level as

white count. Ncutrophils tend to gather ai the site

of infection which mny

B
MPPCar red or fecf wann, such as with a fever (Costanzo, 2007)
Eosinophife.
Phils: Thesc cells react 10 allergies and hurt the foreign bodies {anligens) hef;
cforc

they can hurt ys (Mortenscn er al., 2005).

l

(and | :
8nd is used i poris lo preveny new clots) (Shuster er af., 2004).

L ., il
Ymphacytes: These do nol only hght tnfecuons but also provide immuniy: 10 Cen
ain

Bseases, These

2007).

cclls produce the antibodies that a¢ so imponant o lifc (Cosianzo

Mongeyyes: Ttus last type goes into an arca after the infection has been killed and cleans

UP the debris gnd damuge left behind (Mortcnsen ef al., 2005).
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Fig.2.21: White blood cells in a field of red cells,

{Vop left) Monocyic, (top centre) basophil, (lop right) platelets, (bottom left) two

neulrophils, (bottom right) lymphocyte and cosinophil, respectively (Ganong. 2003)
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3 Pl,i\'[‘BLE'rS OR T} IROI\-IBOCVTES

Ie are about 200.,000-

(Ganong, 2003).

2.5.24 PLASM A

Abouy 559, of whole blood js blood plasma, a Auid thy

Which by itself is straw-yellow in color. The blood plasn
litres (2.8-3.2 quarts)

's the plood's liquid medium

1a volume g1als of 2.7 - 30

M an average human. I s essentially an aqueous gsolytion

Contaning 929/ ...
B o Water, 8%, » and trace amounts of other Matcnals

las . - :
Ma circulptes dissolved nutrients, such as glucose. amino acids, and fatly acids

{dissotveq 4 the blood or bound 10 plasma proteins). and removes waste praducts, ¢,ch

as A . . .
carbon dioxide, urca, and lactic acid. Other importany com

ponents anclude serym
albl.lmin.

blood-clotting factors (to facilitatc cosgulation), immunoglobulins (antibodics)

li . : : : i
POProteiy paiticles, various other protcins, and various clectrolytes (mainly sodium gpg

“Bloride) (Wittiams er af.. 1989).

35, HEMATOLOGICAL DISORDERS

2530, ANEM 1A
[“suﬂic.‘cm red cell mass {anemia) can be the result of bleeding, blood disorders Jjke
lha'ass'"niﬂ. or nutritionul dcficicneies; and may rcquire blood transfusion, Several

PUnities have blood banks to {fill the demand for Pnsfusable blood. A peyson rceeiving

hlOoq Iransfisson niusy have a blood 1¥pe companblc with that of the donor (Austin angd
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P

ISO ) X
i DISORDERS o CELL PROLIFERAT|ON
ukenya 5 group of

dﬂemrodutlion of

d'r- .
morc cell |ines (Shuster ¢¢ al., 2004).

2.5.3.
3. DISORDERS o COAGUL ATION

Hemophj)ja |
'31S 3 penelic |
ness that causes ¢ '
ysrllnChOn N onc of the bl .
00d’s cloitin
5

mechan,sms Thi
. 's ¥ I S -,
can allow otherwise Inconsequential wounds 10 pe life-1hre aron;
-trcatening, bug

more commo '
nl ' :
Y results in hemarihrosis, or bleeding into joinl spaces which
: can be

Cipplin ' : :
PPUAG.Ineflective or insufficient platelels can also resy|

lin coagulopathy (bleeding

Platcicr : |
orclotting facior funcuon, and can cause thrombosis (\WVilliams el al

19
2514, 89).

INFECTIOUS DISORDERS OF B[.OOD

Blood | - HIV 14
d is an imporianl vector of infection. HIV, the virus, which causcs AIDS,
d v IS

lfans :
nsyicd through contact with blood, semen ot other body secrcuions of N 1ncecl
< eCley

Person. Hepaliis B and C are transnuited pnmanly through blood congact Owing 10
blood-bome Infections, bloodsiained objects arc treated as biohazanls. Bacierial Infection
O the blood s bactcremia or sepsis. Viml Infection is viremia. Malaria gng
Maﬂosominsis are blood.borme parasitic infections (Dominguez ef af.. 1981)

X
1 NEMATOILOGICAL PARAMETERS
254,

bl

WHITE 31.00D CELL COUNT
% 4he number of white blood ccll count it a cubic millimeier of whole plogd A
4 111 WEE count show's low level of infection i expenmental rals or nray selate 1

HESSigh f 1lie production of the white blood ccll resultng, fiam toxic reactions

S, and vice versa for an increase in white blood cell count (Schalm e a1, 1975 ).
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-EUKoCYTQs)s

Abnomially high nuinber of .

e - Leukocyygsis s
infecli

On. Il may also occur after sirenugys xer
| . cXCreise,
£ cpilepsy), emotiong|

I stress.  anesthesig,
eph
p\hine, pregnancy and labour, and |

the adminisration of

ack of oxygen (as in the carly phases of

Leukocylosis is also observed n certain  payasij
1a81§jc

ICalions (metabolic or chemical), chron

apation ¢ high alitude).

infeslgyiong, INloX

ic diseases (¢ :
.. | -8 lcukemja),
aklergc rcaclions (Chccsbrough, 2000). X

LEUK@PEN] A

Leukopenia : :
Penia 1 characterized by leukocylte counts thai are abnormally |ow (below 4
w 4,000

Per cubic illi " W ud
I]‘IllllmCIIC). lec lcukocylosis. '!ll'Ch 1S us "y due {0 an inc
rCasc of

J "‘

NSl ni
penlg or Wly causc may havc fl'cqucnl and severe bactenal Infcclions

A el :
Sfnulocytosis s an acute disorder characicrized by severe sore throat, fever and
. - N

Marked faligue associated with extreme reduction in the number of nNcutrophilic

grany |'Ocy.lcs bHeven I'IC‘T complclc disappcsmncc I.I’Dm 'hc blOOd (CIICCSbrough. ')006)
254 |
iae P

This

ACKED CElL.1. VOLUME (PCV)

1S the fraction of whole blood that consists of red bloed cells, PCV measures he
Pereentage by volume of packed red blood cell in whole blood sample aficr
c‘”‘n’ﬁlgalion. An increasc in packed cell volume indicates that the test animals gee not
entic; may rather be an indication of polycythaeria (WWyme and Edwards, 2003),
43 HAKMOGLOBIN TEST

urcs the amount of hncmoglobin in grams in one deciliter of whie blood gnd

des an estimalte of oxygen carrying capacity of red blood cells liemoglobin ¢
o
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Pl S )
telet s ;nvolyed 'n blood clotting Ap

| Increase |
. SCIn platelet ¢ouny should jead
AN decreage n clolling (ttne Y

(Cheesbrough,
1. : 8h, 2006).

R 00D cELL INDICES
chC"ind'CC
1€Cs most [requently ysed in (e INVEstigation of apemia
ancmia are;

MEAN ¢ >
CELL nakmoq LOUIN CONCENTRATION (MCIIC)

I-lll’. MCHC (o) 44 n r e d
gwes the COIICCl'lll’allOll Or hcmog' bln m g/l l l" C Or ﬂCk d
& pPack fc CC"S, It

IS ca
lculated grom ¢ hemoglobin and packed cell
MCHC (g/)) - Hb (/1)
PC\’ﬂﬂ)

volumc as follows;

ME
ANCEI IHEMOGLOBIN (MClly

The MCyy ¢
H gives (he amounl of hemoglotin in picograms

MCH (pg) = 116 (o)
RBC X 10'¥1

(Pg) and is calculated thus;

MFE AN
AN CELL VOLUME (MCV)

The
mean red cell volume (MCV) provides information on red celt size. 1 IS measurced ;
in

fenig);
olitre (A1) and is determined from the PCV and RBC counts as follows;

eV () PCV (111)
RBC X 10'“/L. (Baker e ul, 2000).
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of three Greek words: [imde histos -
“vand Jopia

orde
Ftostudy (he matifestatjon
261,

‘rssue’,

-logia) '
Bla) refers 1o the MICroScoprc examingyyg

L Sofdscase. (Histopathology,. Wiki
. flai-j(.‘TION OF T1sSuEks

Histo '
Pathologicy | cXomination of |

ussye (g removed fiom

N waler) (Histopatholo

3.0.2,

8Y-Wikipedia, 2010).
PREPARATION FOR 1[ISTOLOGY
Th

€ collected (issyes are qhen prepared for

view)
IeWing under j IMcroscope USING citlier

Chenical fiyari C
al fxatio ' ' '
N or Irozen section: Chentical fixation involves transfcring 1
the samples

10 a ue
casscuc 1 ]
{0 containcr (leSIgncd {0] allow n.?gcnls to ﬁ’cc'y acl on lhc I
].is " liss lnsu!c),

IS immersed |n multiple baths of progressively morc concentrated ¢thanol
cinanol,

10 ych
drale the uissue, followed by (oluene or

Xylene, and finolly exnemel
Y hot |j
fllSUa"Y parafﬁn)l i

Dunng the 12 16 16 hour process, paraffin will replace the water in the lssue, wmin

o moist lissues into a sample miscible with paraftin, a type of wax This process :
OWn as 1jssue processing. The processed lissues arc laken out of the cassette gng sclin

2 molg Through (his process of cmbedding, additional paraffin is addex 10 create

Para 1 .
RTin block which s gitached to the outside of the cassette. The process of embedding

then . i '
HOws the secyioning of tissues into very thin (2 - 7 micrometer) sections us\ng a

mic ; |
 lgme, The microtome slices the lissue ready for microscopie exanyinagoq The

[

S &t (hinner than the average cell, and orc layered on a glass slide for staining

chell €l ul., 2007).
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I
6.3. STAININ *
ING OF Tl R PROCESSED HISTO oGy

onc (o s| S

Slaﬁﬁhg

can be ¢4 :
vdes proces

To sc - i sed by the chemycal fixation

¢ the tissue ynder = Or frozen scciion slides

the

. extincelly ive t;
e Ukr connecyive tjsence matrix pink

arc hundr Y u h n
Cds ofv ous i ' V .C v
' Y CC[ivc y stain
Olllﬂ CO"U’OUﬂdS USCd to CO]O[ liSSuc -

o
4 scchions include safianin, O Red O, congo

1SilVer salis and artifjcial dyes.( hup

TIWAWN cep
N scnbd ¢ orm/doc/444 8747;pcr|)

INTERPRETATION

The hisiol,:
ogical slides arc examined under a mi
815 a medica]ly

ualif 1. -
Qualifjed SPCCialist, This iedical diagnosis is form

ulated
4 852 pathology report yescrib ing

hi ’ Pk
ISlological findings and the opinion of the p

1 athologisl. In the case of cancer, (his
fESCnis the (jssue diagnosis required for mnos! treatment prolocols (14
Wikipedig, 2010).

2.

stopaihojogy.

HERBS

The
history of the use of herbs dates back to the umie of the carly ran who had
c

et . i
Esl 100ls as his implesncnis and used stones to siaft his fire. The fear of tlincss gnd
a
dgalh as v

cll as the neeessity to feed and of health Protection has led man of o) ttmes anqd
1198 all skies 1 resof? to anything that nature can offer tiem (Koumare, 1985)

¥ an of using herbs 1o enhance lus health must have come to the carly man W the mag
M antitie way. i1erbs ure groups of plants to which the carly man resonied for prescrving
il against diseascs. The early mion was distinct from other animul neighboueg
| ) his ability to use rotionol thought rather than rely on insiinct as q basis of his
ie deliberately sclecied specific plants and matenals for the treatmenn of hi
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clo '
factors of SIBNatures of nature ¢

. Lc. win
Hand, 1979). e .

as l'nllucncing his ife

hich at jmes becomes vely

HaNBCIOls even c el
OSUNg valuable jjves, byt once the gthibuteg of 5
P

I 'L
g . . : iant, beneficial or harmiu)
+ hic would pot normally forget it and could recognize
e plain any

lime e COMCs jcross |

lc ]

dangc
- fous. [n this
\way, X '
y. carly man acquired syficient knowlcqjye

the |
U3€ of herbs has been known and accepted by all

nations on the
- surface of the car)y.

iS c C’ 3 dnNl 01 d ()' p an Vv (:ll
lh r OIC. dct]ﬂed to mcan an}' pl ‘ p it | L. \ lll 1S va'[‘ab! f
c or

nedj ) H
Ir¢3tment, auintion, food scasoning, dying and colounng of other

aten
N matcnals, The

MPoriant yscsof herbs are the inedicinal uses. (Kafany, 1994)

Despiye

Modem developenent in the treatment of the huwnan body, herbal remed;es |
1ave

-cm cottinuous and universal, Modem medicine tn the beginming depended on heebal
Sthedics, for plunts were (hre lundamental source of therapeutic products for profcssional
S of (e earlicst times. Traditional heslers have claimed success in e trediment of
SYeral  giscases including, breast cancer, skin disorders, sickle cell apemiy.
.““ldfscﬂscs. diabetes iind some forms of mental ilnesses andas a result of s, herbal
diging hag become a basis for resarch

T3, jcaves, basks and roots of various derbs have been used to prepare nfusion,
0 ir s well s dricd forms made into powder for Geating vanous plinesses fKafmu,
ull
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Momordica charans, {Bitter Afelon)

Family, Cucurbgceae

Genug:

Species:

S)!nOIIyms;

Momordica

Charqntia

Momordica Cp inensis, M. elegans A,

Indica, A1
Iﬁm Fm"fEL oper Clt/a;a. M

Sinensis

Connen pn '
"o Names: Biter melon, papailfa, bitter o

urd, balsamn pear, karel
| ’ . Il, c innn
The firgy Wrilten J -

informaltion of the vines appearcd in 1813 when Ainsile (Ainsile, |8 13)

||IQ i f bleedin
medi ' I rcatment o cc plies, |n
cnal uses of the vine in the treat ( l INg piles, | ceriatn bowcl

Wecti '

0 : | 1

NS and jn cunng wounds. In famaica. Ainslie quoted, “The Natves ysed poiled
0lIC

leay
S aswell a5 g decoction of the plant itself, equally to promotc the lochi
In 1391

ae "

DmOck (DW\OCk and Hoopcr' 189]) gave a COmplelc dCSCanIOII of lhc plnnt
aml e

USCS. stating it to be a kind of panacca for usc in scabies, Jcprosy and other
“Uancous diseascs, Fruit and lcaves have also bcen used as anthelmintic, emietic
PUBANve in bilious affection, n night blindness, toni¢ stomachic, anti-rheumiayjc, gom.
N 1y dis€ases of jhe spleen and liver.

T 894 Bailey (Baitey, 1894) mentioncd the usc of the find in mcdicine. fn Batvia,
'%98) beciol (peckolt, 1898} discovered un alkiloid in the Vine and descrbed the yse of

ne 4s an anthelmintic, purkative and emetic, and in 1904, he (Peckon, 1984)

bas, bitter melon is known by the conymon Name ¢Jinnn Wwewe,
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.ra;iCle(o. ] ”3).

The | a4
Latin pame Momordica mcans *

- to bite", referring 4
which apPear )

the jagged oq
. ECS of the
as 1f they have been bitten. Thie siem o e

pub
Thlous, the ear blade apout $
ney

[ the plant are branched g
- 12em jong and as broad

y |
¢d. having 5.7 Jobes. 1he

[y
ender and Pubescent,
) ld'n&

Th

lendrils of the plant with which
1t supponts |iself 5 o
SII'np'c,

The plant 1smonoccious, The fruit looks Jike g Warty po
gou

| | rd, ysuall
FESCmbling 3 ¢mall cucumber about 5-7cni long :

€ Young fruit ;i
B fruit is ¢merald green, tuming to yellow when rpe.

B \ -
04O fhyee T matnity, the fruit sy

W¥gular valves that curl backwards and release nURICrOUs reddish - ),
= Drown or

White
SCt : -
ds cased ip scarlet anls. The flower of the plant has five sepals five yetal
g elals and

rl\’c
m
ale slaMens on the end of a warty ovary. All parts of plant, Including the

| ‘ Irun, 1aste
1Y bitter. However,

the fruit is wholesome and esteemced as vegetables
Y he g); . BV when young_ i
ieed and presaved after drytng for use in off-scason. Parboiling with 4 dasl of ¢
sa

Mmay 2
"M% sonie of he bitter laste of the plant (Tropical plat database, 3007

19‘2]. ! Raw matenals,
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P20,

Monorliv charoanr, Leaves, fruits und seedk

Bi : :
T melon i cultivaled in Asin, Africa. South Amenica. and India and s ueey mostly gg

a " F
@itional medicine in china. India and A fiica (Anon. 1999),
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d 14 '
and niedtcine through out Asia, as 3 therapeytic remedy i a variel
vancly of

-Sc

Slomach
Problems, as well as many other maladies.

ln Beazils
: mZﬂlnn h :
crbal medicine, biiter m on | (o) 0
! el IS used for tuinors, w
+ wounds, rhcumausm,

malay : :
4, vaging| discharge, inflammation, menstrua| prablems, diabetes

yvcolic, fev
%rms. h : crs. and

IS also used 1o induce abortions and as an aphrodistac, 1y s prepared iy
11110 g

{9pjcal :
FCMedy for the skin 1o treat vaginitis, hemorrhoids, scabies, itchy rashes eczema
leprosy and |

other skin problems. In Mcxico, the cntire plant is ysed for diabeics ang
Gyser
ery, the root js g reputed aplirodisiac. [n Peruvian herbal medicine, the Ical or gerial

Partg '

o
tar .
BY. the tealis commonly useéd for stomach pain, diahetes, fevers, colds,

head

coughs,
aches, maluria, skin compiainis, mensteual disordeis, aches and pains, hyhertension
‘nrct[iOns

» and as ap aid in childbirth (Troptcal plant database, 2007). In Nigena, 1he
biee

of the feaves and fiuils is cmployed in folk medicine for the treaiment il

"\W’chcm of dysentery, piles, diarthoca, malaria fever and skin discases (Sofowora,
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- g |~'S (A( I! [ Ohs -

melop conaipng ap array of |y

I'O‘C ] ‘f
[ ] ln /

A csgators -
ported (he presence of 1annins, ¢y : g

L ponIns, vitamins, peptides,

| ®NINO acids Navono
| ) |
atkaloyds ;p aquUCous exiracls of 5

M.charaniy (Barbieri e 44 1980; Dalziel 1959;

Sofow
0f3.. 1982) Al teast three diffcrent groups of constituents found

o ., inalt pans of birter

C clinic |
] chinmcally demonstrajed hypoglycemic (blood SUBaF Jowering) propefties
ather g¢r; q i | -
CHONs of potential benetit against diabetes mellitus, These chemicals that §
owcr

blood
Sudl - '
uBar ynelude 4 Mixture of sicroidal saponins

| KNOWn as charantns. wisulin.|;jke
Peblides,

and alkaloids, The hypoglycemic eftiectis more Pfonounced in the fiit of bitler

melon v : '
\here these chemicyls are found in greater abundanc

¢ (Tropical plant CETE T
007)

On : : thi
€ chemical 1356 clinically demonstraled the ability to inhibit the eNZyme guanylye

¢ -
Yelase thot s thought to be linked to the causc of psonasis and also necessary for the

Zowij, of lcukemia and cancer cdls. (Takemoto, 1980; Takemoto, 1983; Clatlin

4
Vesely 1977).

In addition, a proiein found in biter melon, moniordin, has clinically

de : : n' |
NoNStrgied anticanccrous aclivity agernst Hodgkin's lymphoma in animals (Terenzi,

996) Other proieins in the plany, alpha- and beta-momorchann and cucurbitacin B, have
been lested for possible aniicancerous cffects. A chemical analog of these bijer meclon

Polcins o been developed, patented, and named “MAP-30"; its developers reported

‘that

it was abje to inlibit prostate tumor growth (Lee-Hunng, £996). In another study, i

B "Poricd that » hoy water extiact of the entire plant inhibited the development of

N3TY qurnors in mice. (Nagosawa, 2002).

OUS 11 vitro siudies have also demonstrated the anti-cancerous and anii-leukeqjc

N : lines including liver cancer, |,

Yol butter inst numierous cell ' huinay
cr nclon agains

1
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Y against pum
raNd HIV yjryses (Frame, ] 99g)

nanin v
N vivo siudy, a lear cXlracl

It herpes

Y 10 increage resistapce 10 virg]

YMMUNostimy]ant :
cffect in humans
and animgls

killer cell activi
.. 260VIY): (Huang,
Prolclns-alpha- and bcla-momorchatin.h ot T i

ave also been repoited

T : 0 tnhibit YV ..
o studies (Lee-Huang, 1990; | ee-Hua 1 im

N8, 1995). In one siudy, Hyv.

alpha- [
PM2- and beta-monyorcharin showed a nearly complele loss of vi ,
viral antigen

while peq)
healthy ¢ells were largely unaffected (Lee-Huang, 1990),

ln 199 -
1996 1he Invenlors of the chemical

ptotein analog MAP-30 filed a Uy
|S'l "
It “was usclu| for o i

(rcating tumors and H1V {nfections. [n freanng HIV jnfectio h
ns, the

Protesn
ls . A . - -
adminisicred atone or in compunction with conventional

{Uifsop, 1989 i
, ). Another clinical study showed that MAP-30"s antiviral activily was g
also

19 the herpes virus in-vitro Bourinbaiar e af. 1996).  This plant has aiso h
cen

Itpon : i
! 1o have anii. leukemia and antiviral activities (Ng e al., 1994), The ATy of plant
an

Nyical e e lng: vili '
Sand (heijr biological activilies in Biuer melon include the following

()s. i
"Wfox}'u}‘plaminc (5H1T): This s a saponin found mostly in the fiuil; js

1S allergenic

( »and Rook, 1923): Cancer - preventive (Stitt, 1930): Cercbrophulic and insecticidal
b
o gng Baxtcr, 1983) and a Pesticide (Duke, 1992).
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Q; .23: Structure of S-hydroxyteyptaminc (S-HT) (Fiche espece, 1989).



(P4 Beta-Sit ggterol-D
~U.Clucogide: Sucrow
» 1965 reponeg

showed (har these
SI0stero] gnd of A-525 .

o s the presence of steroida|

lucosid i o
| B & consist of a mixtue of -0-Buarside of B
stigmad jen -3-Pol. The B-sitoste, o

4 -D. |
be antispasmodic (Malini e S

» and Vanithakymari,

| 1989). aMtituMgroys i
CNS-Sllmulant.n convulsan( (Duke | hypoglycem'c' o

» 1992) and a CNS- Depressan (Rizk, and Al-Nowailj).

¥

Q¢
Lk}

M

"*-.._______

"R 228 §tructure of (- D-hucoside of P- sitosterol) (Fiche espece, 1989),

4
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. |
| [:I_ = &.-zh’ic '3-' . IS {
. n-3- B —ol: this is another sterol found i the fryit of momord
Kca

P _
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) Qh!mnt'!n;

This i
1S a nNoN-nitrogenous neutral
Momordica

| rinCiple +; :
chargniia (teaf, fruit, 2 P foutd in every

and v; o
ine). it gave a positive colour test for

abortilicient (Grenand, ¢/ qf. 1987)

mo, and Mugray, 1985). Charanyin is
that can lower blood sugar and choles
of the bitter gourd

terol. [t is found in the (rujt
and has a molecular mass of 9.7 kDa (Parkash

seeds
ctal.. 2002). |,

cose uptake and p| ycogen synthesis in
and adiposc tissue. A molecule of chasuntin consists of aglycone
.

Rivesng \
8 hypoglycemic agent which increases glu

‘ -
he liVer, myscle.

S!Ql’uid i . .
Portion that is highly soluble in a non-polar solvent such as Chloroform and
an

dich|q
fOMecyhane and on hydrolysis gives glucose and a sterol (Jesada ct al., 2007)

CH(CH3),
: Ose —0 |

Fie. 2.26.

Structyre of Charantin (Sharma, ¢ al., 1960).
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responsible for (he bitterness of 41, vegelap)
¢

(N } g 8 i
l 90) " 1S Q l'lO""cl CUCUI’bi!aﬂc g[ucosl'dc “p'|h

| | ~ 3, 24—d|en.|9.al,
+ Tanging from Momordieinc )-

| 4 IV. Momordicine 1) and |V
Gitt signiticanily when bioassays werc ¢arjied oul on kid
N kidiey

] \'c Ombi

“!CI'I' nal
dlural gbundynce (Raintrec Nuttition, Inc., 2007).

Olhcr .
Chcmlcal com
POncents of Aomordica charantia i
'fra include S-a. gjom
BMasia ‘7-25-dicn 2

3-fhol Qa
. 'c] & . + .
acosleric, ascorbic acid, ascorbigen (a bound fonn of oscorbic acid), Agh
« AAsh, J3.

Qrolene, B-q
sitostcrol, calcium, carbohydrytes, cholesterol, ¢itrullinc copper, cryloxas h
’ . Xastihin,

diﬂ& cn
&CnI, clastero), fat, fiber, flavochronie, fluondc, Nuorine, GABA, Galacturonic
acid,

iw]nc' \
1on, Ianoslcrol. ICIKI, liﬂOlCiC ﬂCid. IUlCill. |)'c0pcll¢. mng\CSiUHI man
’ anpa
lﬂamonl- 8 CSC,

icosidcs (A-L), mutachrome, niacin, nickel, nitcogen, oleie acid oxalate I
‘ | v « 0X3 ic
%14, pectin

» peroxidase, phospliorus, phytotluence, pipecolic acig, polypeptide
PORs §1,m p.

" '- Prolein, Riboflavin, Rubixanthin, sodium, Steanc acid, stigimosterol, sugars,
In, tHanium, urease, vicine, waler, zeaxanthin, zeinoxanmhin, (Duke, 2004)

The ¢ -
WIS and |eaves of Momordica Charantia contain two alkaloids, one of them being

' d o

Oldicin, The sccds contain an alkaloid (m.p 236°) and anthelmintic panciple in the

brm, they 2150 contain urcase (Airan & Gihatige, 1930, Rivern, 1941, Ajtan & Gihatlge,

0" -y

Nath & yy11ah, 1 956; Rehm et al 1957; Relun & WVesels, 1957).
y BIOCHEMICAL/MEDICINAL USES OF MOMORDICA Ci1ARINTY 4

ﬁpm‘““m)’. Momardica cliarantia s used for is ntitiabelic Propestics. Other compicy,

ke e B sobial and antifciiiity. Traditionally, bitter miclon has been used
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folk
a remedy for lUmors, agthmg skin

infect; '
10N, gastroint csqingl disorders, gnd

¢Mension
and
for many other silments (Anon

Complemeniary 4ng 199% Duke et o 2002)

m app .

Slfmuimn i T
(in 1radjtionay Chincse medicing), cancer

infect
Cclions (Zhang, 1992 Ramvan and Loy, 1996). A
[ ] n

- ' nlRocu|ar pressure, (Mis
). A |ess conilon yse of bitter melon has bec- o -

(Cumick g Takemolo, 1993)
A1)y,

,f .
N 3s an rsecticide in uopical countries

PLANT SUMMARY (LEAF/STEM)
In s study,

The Leayes*

the |
leafl decoction of Momordica charactia was used

ma- - - +
N actions incjude: Anticaricerous, antiviral antibacteria)

SHmy| gy and hypog N

Jycemic, It is uscd for treaim
hclpes,

cnis of cancer, vyra| infections (v

1= _ |
Epstein  Barr, hepatitis, influcnza, and  measles).

bacteria| tnfectons

(81appy|
0COCC s, sireptococcus, and salmonclla), as a biter digest

i V€ ad (for dyspepsis

slugpish digestion) for diabetes, as untifungal, amy;

| Ananmgey, o :
| . al
Qllllpamslic imalarjg,

* anliseptic, bitter, camuinative (cxpels gas). digestive stimulant, febrfupc
Ited yees fever). g

hypolensive, Inciagogue (promotes milk flow). menstrual stimuator
pu:gali\’c |

» VeMifuge (expels wonns)and a wound healer (Tropical plan database, 2007)

S0
S. MECHANISM OF ACTION OF M., CHARANTIA.

Byy
er Jei | ‘
Melon conlains four very promising bioaclive compounds; which gre charantin

I-:::“ordid“» raomordin and v-insulin. These compounds activate a protein called AM PK,

1 ch i3 well known for regulating fuel mctabolisin and cnabling glucose uptake,
TOeCss o which are impaired in diabetics. Biltcr melon conlains a lectin that hae insulin.
!tliw;y, The insulin-like bioacuvity of this lecttn 1§ due to its linking together 1o
FECpiors. This leciin lowers blood glucose concenirltions by acting on peripheryl

and, sinitar 1o insulins cffects in the brain, SUppreseing appelite: This lecyin i
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ors (Bakhru, 1997),

nchl . = .
phytochemical IN bitler melon has clinically

tizynie named guan)
Pathogenes;s and

(Manabe ¢ al., 2003).

Vituscs, bacleng, Parasjte

i the
C4sc of viral i ion il 3
infection it 1s thought that certain bi
ain brtter melon con
Sltiuents pt
cvents

i\*‘ta] .
Penclralion of (he cell wall (Cunmick and Takemolo, 1993). The im
. immune

Sltmulal :
N8 properties of Af.charantia exitacts may also conuibute o

Wic robi ) K

infeciion observed in anina! sludics. Animal studies demonstratc M. ch !
‘ caaragntiag

ix"aC‘S . 1 . (] 9
* PartiCularly the saponin (raction. have lipid lowenng etfects resulung int
nto

.il|h'b'[‘
101 0N of pancma“'c |Ipﬂ$c ﬂCliVlly nnd S“bscqucnl dCCl'cnSCd |’P1d nbsorpllon (0|Sh1

€
ul., 2007). Another study demonstrales M. charanun juice has an inhibuory ¢fYect on

0 -
Snbeanc lipid peroxidation (Ahmed, 2001).

2,
p* MEDICINAL USES OF LEAF DECOCTION OF AL CILIRANTLA
g , e
has beey observed that medicinal and Fun bearing plas (including Af.charanta) qre widely

IIQN e _ .
Mnly 25 dooocijons and juise preparaions (Schenourlo ct al., 2005)

®leaves of pmomordica charantin may be bailed to make a decoction. Enough leqve

Ube usey 1o give decoction 3 SLONg bitter tastc and colour. This decocugn g druny

enlglive yreaiment for many Problems, such as slomachache, fever, infectioyg

- anthiitis, diabetes, hypertensiorl, cven Cancer: The decoclion may also be ysed g
N
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axen at the gpset

dday (Pinkney ¢ 41, 1998).

27.1.7,

THE T '
£ PROPERTIRS/ ACTIONS pOCUMENTED BY RESEnpCH

Popylari
ulant ia i -
Y of M.charantia in various systems of traditional

b medicine for
(anuq,a[,e, ic

scveral ulments

n

a%imalari: : .
N4, gout, jaundice, abdominal pain, leprosy,

kidney (stonc), pj
. + piles, layat
PUrgative, rhcutpanism, -

fever and scabics) focused the Invesligalor's altenlion gn ¢hi
is

Plant. . :
Over 100 studies using modem tcchniques have authenticated s

E use in digbetes

Sco ienii i i 1
COMplicaliong (ncuropathy, catasact, insulin resistance), as antibacterial as well
’ ns

antyy g . _ :
ral agent (in¢ludyng 11V infection). as anthclmintic and abortifacicil. Mogy

l'nm.o : : ‘ ]
Aantly, the studies have showi its cfficacy In various cancers (lymphoid tcuk

' cmia,
YMphoma

* chorlocarcinoma, melanoma, breast cancer, skin tumor, prosiatic cancer
u . - .
*quamoyys carcinoma of tengue and latynx, human bladder carcinomas and 11odgkin's
dise
3s¢) (Grover and Y adav, 2004 ).

N&‘c{ ul. (1986), have reported the fn vitro antifentility cffect of alpha- ang beta-

€ bilter meton fruit and seed cxttacts inhibit the Browth ofseveral cancer ce|| lings,

'y prostate agcnocarcinoma, (Chidhu el 41.1978), human colon cancer (Caco.2

W (Yusu) of af 2005), and the highly metastalic breast cancer cell line MDA. AMB
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an (]

1999).  Other

{powecr

Causin i
€ bacleria Helicobacter pylor; (Yesilada,

documcnlcd b r. Piopetliesiactinns
Y raditjong| yse include anthelminiic

0
N 10 destroy wOorms), anii-

antibigy| idiabets a.
; otic, antidiabeaijc, anti-inflammatory, anii-lcukemic

Mulagenic : S -
' anli-mycobacierial, anli-oxidant,

aplll‘ I' 9 ! U a II\'C|

nsll‘lngcnl (arrcsting sccrclion), carminall\‘c. cyloslalic

cYloloxic,

YPog| palensive hypotriglyceridenic
8'Ycemic (reducing sugar in the blood), immunostiniulant, ins

dtpl.lm LV
lIVE.  hormonal, hypo- holesicroicmic,

eclicidal, laclagoguc

j lc

(Promonine 4: ...
Oling digestion and improve appcliie), SI¥Plic, tonic, vennifuge (Zhu er ¢

" . 1990),

TOXICITY OF A/0MORDICA CHARANTLA.
N an; . ;

MNimals, the principal loxicity is to the liver and feproductive system. These ef¥ccls
lay :

€ not yet peen reported in humans. Chronic administraiion of an alcoho) extaact of

Tie : : - : '
f'melon fruit was gssociated with testicular lesions and a state of ingertility i dogs

n o44:.- ;
addition e red urils of the seeds are reporied (o be loXic lo cluidren, and the fryj IS
w'""l"ndfcnwd during pregiancy (Bakhru, 1997), Oral ingestion of bitter melon fivit ig

fe .. demonstrsted by longtermi consumption of the fnnt in Ashay Cthures,

“BNeous ypjcction of p-insulin cxtracted front A chdrentic appears 10 be g,

Ver, inlravcnous injection of . charantfy exlacls 1s sigmiicantly more (oxjc 2%

nended. (Tropical Plant Database, 2007).
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« 1974). However,

I hron; :
nc admlnj51 N
ralijon i
of an aicoholic extract of bjiter melon f1utt w S i
3 assoClgied with

'l@litu]ar :
lesions and a slate of ¢pfertility in dogs,

Animais '
orally for 60 days, i -

(hc 1n) Cc €S \we picte cvoid i J1]
scmmlf fous lUbUI S \wvere complet ])’ d ] o] SPcNNjyl020 d
aloz! v Wl

¢ "|CICI3 WEre int (0] were also ¢

pitidyp
pithdyips ang vas-deferens, (Dixit, er af. 1978),
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CHAPTER THREE
l\]f\TERIf\[,S

1 AND METI
2 f'-\l’l'leMENT o

| - I\I-o a\Nlle\ I,S
Wistar Strain alhino rat

5 {male),

aged between 12
s and |4 '
g and 2508 \ere purchaged - <

8DING between

, hoge
ARdo . Patliogen frec colonec ; :
My amimal house University of e 1€ in the Veleringyy

: Nigena and '
N . 8cnd and the physio! :
adoke Akintgla Universyty of Technology A

Nigena, They were housed i,

ons of Jight (1 2hlight/12h.gark cyele). The
Pelleted feeds and water ad libitum

of wwo weeks.

G
Oups A, B.Cand D ), with

nelled o,
ooden CaBesS under controlled condili

MNimy|g Were fed \vith

and |

Over ; Petiod P S

The animals were hen grouped into {jye (1.€. Copy I
-€. Controf,

\he control receiving feed and wagcr only through (he 30

ﬂ)’ cxpcn' | ' ' u reccin f {q]
menlal pCﬂOd and th dln'ﬂ'cm 810 PS Teccl '"'Ig d iCl‘ 8d0808¢8 f h
Ol the ICaf

fcoctign . -
of M.charaniia ranging from 3Smg/100g, 45mg/100g 55mg/100
. 8 and

65m
8/1003 body weight. Body weighi

s (bw) werc taken at Day [(D1) D
B (DI), Day 6 (D),

Day
Daylo(D]G). Day 21 (D21), Day 26 (D26) and Day 31 (D31).

MEDICINAL PLANT
A € nedic;na| plant M.charantia was purchased mainly from the Elcwe oMo scction of
"‘ Qie inarket | fbadan and auihenticated at the herbanum, departmient of Botany
"¥ersity o f1padan Nigeria. Fresh leaves of the plont svere made into adecoction, |

-?-Z,I, PREBARATION OF T11E LEAF DECOCTION OF M.CIIARANY) 5

?%Clton was mede gecording to o modification of the method of Cunnick and
Molo, 1993, 1, bricf, the plants were leafed and the leaves were rinsed with djsifjeg
* drained, chopped and then weighed. 1008 of the chopped leaves were batled j,

M of distilled watcr unil the volume €anic to hal€ (100ml). Thus, i the end 100g of

were extracted in 100ml of distilled waley.

L]
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- PROTEIN ESTIMATION

"N was estimaled by the

: procedure of l.owt
in (BSA) s aotlra, Y et al, (195]) Using hovine scrum

i1 2 protein il

the region of 750nMy

!Oh -y
n Clﬂcalt u fCag ’ h’ch ConSis|S Of S dlu
ca ent W (0] m

Mandard ;01 :
Protein because o fits jow cosl, high purity and reddy availability The methog
' method ;¢

] i ' 0

dlspilc n bcing only a re

lative method subject 1o interf '
L ‘ crence {fom tris buyer, EDTA.

~i0nic ' |
and calion dc[crgems. cu:bohydratm. |ipid$ ond some salts he incuba i
- dton

Inge j e
VEIY enttcal for g reproducible assay. The reaction 1s also depcndent on pH and
worl; S
"8 range of pH 9 (0 10.5 is esscntial.

REAGENTS

2 o :
* 82,00y i 0.1M NaOI! solution; 2.0g of Na:CO; and 0.48 of NaOH peliets vese
d‘“"lvcd i

about 50mls of distilled water and then thade up to the mark of the [9gmys
%danl

volumetric (task with distilled water. The reageni was stored o room

Perat yre

Went .

K Tanaraic sojution
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ent C,
%'C'bppcr Sulphaie Solution

e -
8 of hydred Copper sutphaye

(CuS04,5H,0) - |
™ . Was dissolved L.
made up | ooms in a standard aae i

,_ volumetrie flask.
'Reagc |1t D‘

Alkaljne Copper solution

This was
prepar i 1% 1 0 frea n
cd fRS]l bcforc use by mixing SOml of re gent A\ walh 0.5ml of

0" reagent C. The rartarate solution was added tirst 10 prevent

i the ' .
lIccommg cloudy. solution fiom

i Rcagenl l':-

Folip ¢~
N Cioca(ieay Reagent Solution:

This ;
| 18 the cojour reagent,
bro

This reagent contains Phosphomolybdiciyngst;c complex, and
. an

Mine . i i
Waler, The reagent i1s commerctally available in 2N, it is dityted with gistilleq|
1HC

Walep 3
19 IN just before use. The rcagent is kept in a black
f,ho"d!ﬂic.
Stang |
_ rd protein Solution: !mg/ml BSA solution was preparcd by dissolving sn0 o

containcr becayse s

BSA ;
N Smis of disttlled water,
'l‘”ROCEDURE
'8 volumes of (100u1 to S00p1) of the prepared standard BSA solution were used 44

1. AD a1 the protocol. Each tes! tube was made up to tml with distilled water 3p4 Im)g

8eNl D was dded to the protein samples, mixededid then allowced to stand 4 room

g “ljrc' for I0mins, 0.3mis of reagent E was ndded very quickly and mixture

i, 'sﬁﬂkpn-fmmcdfa!e1)t Afler J0mins of standing at room temperature,

the
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5 | ”MA-NON (Lowry o¢ gy, 1951)
| 3 |4 I's 6
100 ' |
| 200 00 13 |
400 S
500
|
900
800 700 600 500
3.0 30 3.0 3.0 30
0.3 0.3
: 0.3 03
¥ . 03 03

o

i
MenIs were ryn in duplicatcs,
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ASSAY LoR MIT‘OCI‘ION

$suc in puller Immedigely (he
homogenized on ice using a glass-TeRon pojter homogenizer, T,
cr c

homo
Benale vas sedimenyed wwice at 2500

rPm for Smins '
5 h] 10 remove the nuclear

ftaction

cellujgr :
debris, Supematant obtajncd was centrifitged ot 13000 pm for 10
mins and

hc m" 4 -
ochongdrg) fraction obtained was washed three limes at 12000 'pm for |0
mins

“ilh bu
cr B. An MSE cold centn luged was used. The mitochondria were imm ed; lel
) 1ately

Uspeyygeq
°d into | ml Eppendorf tubes as aliquots and used fresh,
'4020
PREPARATION OF BUFIERS

Bu[
fer A (Isolation buffer).

210 :
mM Mannitol. 70 mM Sucrose, 5SmM Hepes, 1M KOH and 1| mAf EGTA (pH~17 g

Prepar.. .
Paration; 068 of Hepes, 19.15g of Monnital, 12g of Sucroscand 0.19g of £GT A T

ditegy - .
SONed in 480 ) of distilled water, Sandasdized with 1M KOM (PH=2.4) and then

m
“Cup 16 500 1.

Wl
B Washing bufler).
b Manyitnt 70 mM Sucrose, SmM liepes, IM KOtLand 0.5% BSA (pti=7.4)

3 tion; 0.68 ¢ r1lcpes, 19.55gof Mannitol, 128 of Sucrosc and 2,5mg of BSA Were
‘ed in 450 mi of distilled watcr. standardized with IM KOIl (rH=7.4) gng then

10 500 m1.
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fer 5¢"(Ss\-elling hulfey).

mM Mannio], 79 MM Sucroge

Preparation :
+ 0.6 of Hepes, 19.15g of Manpiiol
walcr

of disti
lled » standardized with

All bufieys W

= purchased from Signa and ¢

DETERMIN
N or !\n'rOC!IoNDRI,\L SWELL NG

e 0, USA.

35 PRINCI pE

is that ' )
changes 4nd | e iaRphs swell their refmctive
thus ' |
g, uS less light passes (hrough (he CUvelic. resulling in a dgecre
. CCrcase
%0r%nce measured with a speclromeler, -

Chan :
BCS in volume of liver

mitochondria were measured 1ats
Beckman N quantiatyvely g 5400m jn 4

SPeQrophotometer based

: on the procedure of Lapidus :
IRE!»\R,\-”ON OF P

REAGENTS NEEDED FOR STOCK SOLUTIONS

'
4
M Sp"minc.

001393
B of Spermyine was dissolved tn a little distilled watcr

| and then
iy made up to |gmls

slandgrd volumctnie flask.

3
Uum RO!eno ne,

W%o
) 3] °
08 or Roicnone was [jist dissolved in a little quantily of 95% Ethanol and then

Mage

UP 10 10mis with Ethanol in a 10ml-volumelric flask.
259
MM Sodium succlnate.

of Sodiym syccinate was dissolved first in a litite quantety of distiljed wWaler and

i Made up to 10mls mark in a |0m|~VOlI.ImC"iC fask.

-m‘“ Caqy,
13323 of CaCly was dissolvey first in a little quantity of dtstilled witer and then mage

l [ ] L3
.'nls N alOnti-volueinc flask
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‘ eTe pre-iNcubated |
b pPre-Mey In the presence of :
g buffcr for' about 3 n"nu[es 2 ro{cnonc i

0 W
t 30°C prior 10 the addttion of ¢4y, (triggen
nng

a
gent), 30 Seconds Jater 250m
and ch]]ing rale wgs

M sodijum stccinate was added

199 L]

triBBering agent, addition of CaCls was onlitied: spermine was g
added

i'I“"'cdiut
cly Ly
after 1))e addition of rotenone, Jusi before the addiion of mitochondr;
2 and

"1inqu .
\Was ' H : w ba h a (o
lnCUbﬂICd or 3 minutes th a ater L 1 300 Wl“‘l lhO’OUg’l

&mm_mc Ny Xiﬂg lor

inhib;i Fe :
bition determinaiion. Liver samples from untreated animals were used
or

t'];IC |'r| .
‘vl . o
o induction or Membrane Permeability transition porc by 300p M CaC;

!IliIDChondn- Mg
al protein, The procedure above (with triggering agent) was yscd.
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.GTOCOJ,LFOR

.MlTocuoNDm,\st

R(—)lc“bnc .S | ElLinG ASSAY
PerMjne Milochondria CaCl; | ooqs

i 2 od'Um |
(ul)

a : (uh) (nl) 'Succinatc( pt)
: __ H Buficr i
I 40 S0

25 3 40 RS 50
25 |
o 30 25 50 ———
1

ORY PROJECT

' | eppmd . .
ar¢ representative of mult ple (2) experiments per animaj,



» Placed gp
]
thoough 3 1o yyr ubdoming| INCiSion

body of
1
\estes and semen

promplly anaiyzed for tte |
following; motilit
' Y. pefeentage

and motpholo BY using conventiongl methods descrided b
y

This was
done -
by volume displacetnent; semen was collecied in

and then the mialin s, i
volume detenmined,

3.6.2
© Mags Activipy

g
don : m
€ according (o the method described by Oyeyemt er af, (1996). procedyre A

hu’cr lh.
ick
R K dtop of semen was pipetted umo a wammned glass stide and vicwed

36
Moy,

Ty
18 ; i
L. m‘pﬂccmngc of spcrm cells in a unidircctionnl progressive motion gver, field of
¢
m":(’Pc.

63,1

hﬁgi[;[y Procedure

Was determincd by putting @ drop of the collected semen on a cican wanned
lide with g fes d rops of 2.9% sodium citrate solution, This was gently yocked gng
With a cover slip (the use of the cover slip provides 8 uniform film, resiricis e
oF sperm ceps and delays drying of the smear) then viewed at magnificaiion of

ailis, 1977), The mobility lest is consideted 10 provide the most sigyi Gean,
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lio
alion about (he quality of cemen

thougl; iy is subjective (o faclors which

ly
MaNaged coulg 4)ter its scnsitjvity 2

64, Deterp;
minalion of PETCCntage yvinhitjey

N smears ere Made and cta;

that i Ins. i
fase cogip g o e Sl

enc i
* PENClraie and stain the dead spenn cells, whereas

0. Stayping should be done
36,41

+ the viable cells repel this
withoui delay.

Proccdure

ljﬂuu‘o
n
Was done by the use of appropnalc aniounis of the

staintng mixture, A rclatively

Smajt dr
0
P of semyen was placed on a wann slide. A 5to 10 times larger drop of warm

sm"‘l‘i ¥
3 c

Werp i
} Ny mmixed together with an

S, neg

applicaior stick, Not more than 3 g 5 sees were

MIXing. A smcar was then mede and quickly air-dried. The slide was

3l magnification of x100 and at Icast 100 siuined and unstained cells wvere
un; 1 :
cd and (he percentage of cach group is estimated. The live-dead count supplements

ther =
b than replaces the molility tests, (Laing, 1988; Zemyunis. 1977),
- ‘-ﬁ

S. :
. l':m"llnallon of Cells® Morphology

The

ﬁ,‘ The method was accordin g to that of Zemjanis, 1977.

Puipose o this cvaluaton is to detcnaine the presence and incidence of abnonnal

Prucedure
of semep was placed on 8 Clean Wamm glass slide With tvo drops of Wetls ang

- These were gently mixed togethes and a smzar was tnade on another ¢lean
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bmﬁb avoid coid

I |. +
15¢d for 1his ¢evalu atjon.

3.6.6.
1. Procedu re
Sem :
V3 pinetted 1o 0.5 mark on

the pipette (usin :
Was nadc up it s blood cell Plpetie) and ¢his

l | 1!0 N l t
| 4 mark on the PIpcttc with nonnal saline wWinch SCLVeES [o
.- t dilute and fix

200 T 0 1 ced (0] c
present. The plpC"C 1S thll introdu inl d plpCll shakCr d
1}

1o tm'x_ ullowcd

\b
| Aoyl 2 (o 3 drops of the diluent were disc
mlroducc

7 arded from the pipcllc beflore 3¢ \Was
Into the counting chamber of the hae

mocyYmeter for counting. Data obtained

€ and|y,eq
¥28d using 1he siudent r-test at g significant (p<0.05) level.

J"t rgS
: LIVER runcTiON TESTS
.1
v R
BLOGp SAMPLE COLLECTION AND PREPARATION
| ul trhc 31"

" day, treated rats (groups which necaived between 35mg/100g b

W and §5mg/g
leal gecoction of M.charaniia) and control (the group which received only feed

Ly Water gy libitum) were sacnficed by cervical dislocation, after having been slarved
: %h! and bo0d samples were collected by cardiac punciure into sterile universa|
f“‘wlc 'Ubw.l‘hc blood samples were allowed to stand for about 30nuns in onder to clgy
€ clottey 8aMples were then centrifuged at 4,000 rp.nt for 10mins and the supernggpy
"3 the serum sas sepasated (pipetted) into new and sterile samplc containers then
4°C. Randox Diagnostic Kits were used for all the Liver function tests,

ASSAY oF SERUM ALANINE TRANSAMINASE (ALT)
S performed usirig the method of Reitman und Frankcl, 1957,
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_ the composition ;
e sition s .
lutjon | as follows:

This ;s the
bufTe; containing phosphae butTer (100mMyL

and
an a-Keiog lyta rage (2.0mM/L).
Solytjop 5,

pH7.4), L-Alanine (200mAg).)

This fs
the ¢ 4
coloyr dcvclomng reagent. 1 is 2, -dinl'trOpheny]h)'dl’nzinc

. .
a8cnts were storeg L 4°C i oliL). L

),
'R, PROCEDURE

the )
fl!lk J 5 .
WS prepared by Incubating 0.2mls of soluwiion 1 for cxactly 30mins qf 37rC

theg oo .
plpcllmg 0.2mls of

o solution 2 and then 0.04mls of sample
%Dholomcuic cuvctte,

N a 3ml
The solution was mixed and allowed o s1and for exactly
c

C ., after which 2.0m) of 0.4MolVL sodium hydroxide w3 added. The

u

. mixcd and used as sample blank afler Smins. Absorbance w e
4

. This : : ' ' o
L | procedure guides against stimutation of Transaminases in some sega by high
- olrion of aldehydes, ketones or oxoacids.

Ithe Simple, 0.04ml of sample is mixed with 0.2ml of solution | and jneubateq for
y 30mins 21 37°¢. after which 0.2m) of solution 2 is added and the soqution is

Ia"d &llowed 10 stand for cxacly 20 nins. al 25°C. 2ml of 0.4M NaQH Was added

biier shaking, the absorbance was taken a1 Rt hn,
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0.2mi -____________:

0.2ml
N 0.0.dml
D0 wa T - !
mixed and alloweq 1o stand for exactly 20min aTz?’c == 1
o —
(" Hydtoxide — |
ol 2.0m}

2.0my

_-__-—__'_"-—_____

rophoiony eyri
elrlc measurements were done against a sample blank

n
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ASSAY oF SERUM ASPART

ATE TR:\NSA.\I]N»\SE (AST)

VaS performed using 1he method

of Reitmgn and
PRINCIPLE Frenke), 1957,

dinilrophenythyg
E‘Kﬂog]ummlc e
+ L-Aspartale AST
s L-Glutamate + oxaloacejale

REAGENTS

_hn .
dox Assay Kit was used and the com

posilion is as follows;
Solution .

Th
B 5 1he butTer contawiny

Phosphate buffer (100mM/L. pH
pH 74), L.
mo"'M"L) and q. L

Aspanalc
| Kctoglwarate (2.0mM/L),
Solutiop 5.

This ; iS
the coloyr developing reagent. It is 2 4-dir itrophenythydrazine (2 OmM/L). The
agenis were

312,

stored gt 4°C
PROCEDURFE

The
blank was prepared by incubating 0.2mls of solution 1 for exoctly 30mins g1 37°%¢
(}Icn |

Pipetting ¢, 2mls of solution 2 ond then 0.04mls of sample in 3 3y
3pegys OPholomclnc cuvettc. The mixture was mixed and allowed 1o siand for cxactly
Om NS 31 20 10 25°C, afler which 2.0ml of 0.3Mol/k sodium hydroxide was added, The

m;
Yure W45 again mixed and used as sample blank ofter Smins. Absorbance was 1gken at

34

. This procedure guides against stimulalion B TR RRIRRS AT =7 Wajhigh

%cn"‘“im\ of aldehydes, kelones or oxaacids:

[ the 8ample, 0,04 of sumple is mixed with 0.2m] of solution | and incubated for
ly 30mins 4 37°C, after which 0.2m| of solution 2 was ddded and the mixiure g

d allowed to stand for exactly 20 mins. % 25°C. 2ml of 0.4M NaOH was agded

46nm atler Sming.
'Iin'é'[ shaking, the shsorbance was (nken 1t 546nm

AFRICAN DIGITAL HEg_TH REPOSITORY PROJECT
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RAN Y Ad o “h
S \MINASE (AST) ACTIvTY I S
e (Reitmgg and Franke], 1957)
Sample Blang T ————
B Samplc
__“‘"—‘ “—%‘—-ﬁq-.‘___.__
: 0.04m
. 5.; s 0.2m!

— : — .2ml
incubaled for _cxaclly 30min at 37°C 7 e —— S, f__::_
¢2ml iC _""‘—6'-;—'“—'-

| : 0.0d4ml )
wag mi P ‘
MiXed and gliowed 10 stand for exactly 20min gt 25°C
- __-__-_-—'_'--—__
| ‘ . —~—
UM Hydroy
y 1de
i 2 0ml

| 2.0m|

©

Ve , r h
oto 1
%hotometric measurements were done against a sanple blank.
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ALP Phosph '
Phate + P-mtrophenal (Deutsche

LP catalze |
§ the hydrolysis of (he phosphate 8rouUp on p-mtrophanyi
- ny

oo . phosphate
| Ptnol. The amount of p.nitrophenol i

duced s '
determ: pro propo:tionai to the ALP i
%lncd SPCC‘I’Oth(chuic al!y e

B ) of Dicthanolasnine bufler and 0.5mMolL o \ge)
Ulipn 3, (Rlb), 1

Subrirare .
containing 1omMol/L of nitiophenyiphosphate. Reagents w

B
2, PROCEpURE
The

Ria

¢re stored gy 4%

c
Mlog number of the kit used was AP 501(20mls for 5x20mls). 20mis of buffer

Wag ;o
S mixed with | vial (20mis) of subsirate (R1b) and the reconstituted reagent

2n
™ 25 1he working reagent.(used (resh). 0.50mis of the working reagent was gdded ¢q

0,
Mol 1he test sample and the resuliing solutton was mixed. The initia) ahsorbance

M
read o 4050m and the timing started simultancously, Absorbances were regd again
r - : .
= 12and 3 minutes.Changes in cnzyme activily wete deteninined using the fomylar

Iro analysis; { I/ =2760x AA ot 405 nny/min.
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."EILva\T;oN OF  siRUy
“(AL®) ACTIviTY (Englehardt, ¢ . 1970).
‘ Macro  — gemic—— Micro
' .:‘ P Macl‘o
0.05mI 002ml 0.0l
L Re = t 2 S C'.: 30°C' 3‘7°C.). 3%“\] 1.00““ 0.50“11

(Y . -
OloMerric Mcdsurements were done at room (25 C) and against air

S were duplicated for cach animal.



: GAMM/\-(;L
1Y ethod ooy UTAN YL TRARNS GG
m used was done according 1o the metho | FERASE( D
PRINCIpLE dof Ladenson gt

“P-milroapilide+ glycyl8lycing

MO0 liye (Szasz, 1969),

L y, s
¥ glulamyl.p-muoaniline and

BOUD regpect;
ively. y_slulanyl ‘
" 3 “7 Yl transiergse uansfers (he Y-

buller (71.SmM/L, pH 8.25), G
Pranroanilide (4mMm ol/L) and surfacigms,
PROCEDyRE

yeyiglycine (126 mm/L), L-y-

The ¢4
la
. 108 number of the kit used was GT 1065 (2
nsti -
Wied with 3 omt of deionized water and

work
& reagent (used fresh). 1.0ml of
mﬂplc In 3 |

1ds

Ox3.0ml). One vial of substrale was

lhe reconstiuted Feagent served g5 14e

the working reagent was added 1o 0.10mn!1 of
b ml cuvetic at 25°C and the resulting solution was mixed The inijial
'

dNCC was read at 40Snm and the tinuing Slaried simullan cously.

g Absorbances were
Bain afer 1,2 and 3 minute

Qla S.
n .
Bes in ¢NZyme activily was determined using the formular below:

1 X (otal assay vol (ml)x 1000 R0

ip
atb (cn.) X liglll (cm) X sn'nplc \'010 (ml)

MNip| ¢
g

Ad
3 I

hange {n Absorbance per minute

* factor for converting ml 1o litre

"’:“" abSorportivity of p-nitroonilint

T mol 5 4050m

0% 2 o] %1000/ 9.9 x lem x 02m] =111

hn X A 405nm,
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PRO Y
& QG'QL_ IFOR TF
. 'E DETEpanN
' ATION
L TRANSFE, i\

. OF SERUN
RASE (GCT) ACTly Lo

ITY (Ladcyson, 1980).

[ Macro | Scmi-
. Macro
. 0.20ml 0.10ml
1 0 ""'"—E— |
= 125°C, 30°C, 37°C,). 2.00ml 1.00m!
—— = d

OPhotome i
| ClAC measuremenis were done at room (25°C) and against air

T ments were duplicated for each animal.

o



day, afier

COUN, packcd ccu

RBC indiceg (MCHi {mean ¢q

rpPuscular heamoglobin), MCV (mean comuscyar \
COt} volume)

ar heamogiobin concentration))

were all estimayed. RBC

ere cal :
calculated from (he RBC count, 4B concenirag

All Uatg | Ll P

VEre expressed g

an
40nc-way ANOVA p <
39

Cslim:llions

\Y nz+ |
-tCSy

0.05 was considered statistically sign
IIIS'[‘OP,\'I‘IIO[.OGY
S0P o 1y ey

cant.

Were obtained [rom sacrificed animals and fixed in 10% (viv) for
mo-

hological studies. Same was done with the tesies and epididymcs
. PROCEDURE

Shne for histopay
39,

fSSues . T .
collecyed ( livers, testes and cpididymis) were removed from

| the fixative f
g G, - after

dehydrated through ascending Brades ol alcohol (70%, §0%, gges and

lgge '
) cleared in xylene, infiltrated, embedded in paraftin wax and cut into S micron a

Con R, : - :
Reichert ulirm microtone for light microscope studics. They werc then monnted
0 o
shi

pree

e S and s1aincd with hoematoxyline and cosin (H ond E) according ¢ routine
¢ : i

di i for |18hl miCYOSCOPG Tissucs Pmpnmd were cxamined  for quu]imﬁvc
. frenecs n comparison to the nornal untreated fats, Which served as gontrol. The
jl“dh “rc

i D

PATA ANALYSIS
dmcrcncc (Mean £SD) between the conlrol oUps and the expenmental gioups

: . ‘ance (ANOVA) and ;
*"‘nl_mcd oy Anolysis of Vanance ) Student's (.qest

: . ~ctieant. All dola we ] ‘
P‘ |§‘33 i 0‘05 e consld““l as Slgﬁlﬁc C analyzed using

v |

d Ongin 7.4, Computer Soltwase Facke

AFRICAN DIGITA;_ I-.|‘EQLTH REPOSITORY PROJECT
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I‘IFIAMATOLOCICA L. STUDIES

0od sam |
ples were collected Intraoccularly into Na*EDTA bottles on the 31" day, afier

animals h 1
ave been fasted overmight. The hcamatological studics were performed

within s ' ble |
short ime as possible in the Vetetinary Medicine Laboratory, Faculty of

Vetennary Medicine, University of Ibadan,

Nigeria. Red blood cell (RBC) count. whate
blood cell

{WBC) count, packed cell volume (PCV). heamoglobin concentration and the
RBC iai
indices (MCH (mean corpuscular hcamoglobin), MCV (mcan cotpuscular volume)

ad MOl
MCHC (mecan corpuscular hcamoglobin concentration)) were all estimated. RBC

I
"mlcs (U

€I¢ calculated from the RBC count, HIB concenimtion and PCV estimations.
All data \vere expressed as Mean £ SD and statistically analyzed with the student*s (-test
ud One-way ANOV A. P < 0.05 was considcred statistically significant.

Y ISTOPATHOLOGY

Sampi e of liver were obtained from sactificed animals and lixed 1n 10% (v/v) formo-

Whne o hisloputhologl'c gl studics. Same was done with the testes and cpididymcs.

). PROCEDURE

lisSyeg collected ( fivers, testes and cpid;dym;s) were removed from the fixative alter
o (2) days, dehydrated through ascending grades of alcohol (70%, 80%, 90% aud

i.bsolmc) eleared in xylene, infiltratcd, embedded in paraffin wax and cut into S niicron a
Piiee o Reichen ulira microtone for light microscope studics. They were then mounted

p Slides and statned with haematoxyline and €0sIN Ciadt E)s accprefing:to sgniine
were cxamincd for qualitative

P : réd
Scedure (o light microscopc- Tissues PIEPA

dlpe ] unt cd
‘ | fcal
Bees in comparison to the nomMa

‘l

rais, which scrved as control. The

Were cxamined ot magnification TRl

DATA ANALYSIS

. and the expenmental groups
! difkrtncc (Mcan *SD’ bclween the oups L g

control &
5 of Vanance (ANOVA) and Student’s t-tesi.

A Anslys :
incd ysing the one-way sigﬂ“““"' Al) data were analyzed using

| ] as
3 less than 0,05 were consider®d

! Ry e | “lutc PﬂCk
» g?g]_ n 7'. 0. Compulc‘. So IAIFRICAN DIGITAL H-.EALTH REPOSITORY PROJECT



I-IE/\-MATOLOCICAI. STUDIES

samples were collected inlraoccularly into Na"EDTA bottles on the 31*

Nals have been fasted overnight. The heamatolo

within as shont time as possible in the Veterinary Medicine Laboratory.
Veiennary Medicine, University of

gical studies were performed

Faculty of
ibadan, Nigeria. Red blood cell (RBC) count, white

blood cell (wBC) count, packed cell volume (PCV), heamo

globin concentration and the
- RBC

indices (MCH (mean corpuscular hcamoglobin), MCV (niean covpuscular volume)

ud MCHC (mean corpuscular heamoglobin concentration)) were all estimated RBC

Indicies \ere calculated from the RBC count, HB concentration and PCV estimations
All ga13 WEre expressed as Mcan + SD and statistically analyzed with the student’s t-test

¥ One-way ANOVA. P <0.05 was considered statistically significan.
)9, NSTOrATHOLOGY
PRIes of Jiver yere obtained from sacrificed amimals and fixed in 10% (v/v) fonno-

12hne for hislopalhological studies. Same was done with the testes and cpididymes.
1. PROCEDURE

| | W
Thelissues collected ( livers, testes and epididymis) were removed fiom the fixative aller

. 70%, 80%. 90% and
ot days, dchydrated through ascending grades of alcohol (70%, 80%

: in wax and cut into S micron a
Mc) cleared in \cylcnc infitmated, cmbedded tn pnmn- : »
‘ | ‘ : ' hey were then moun
"8€on Reichent ylira microtone for light microscope studics, They
ultra

l Fl

J rats, which served os control. The
ﬂfgm'c“ .

3
L DATA ANALYSIS

untredlec
in comparison to the normal

Were cxmnil'lCd al map"'ﬁcauon OleOO.

the experimental groups
oups and
¢ conuol B

d“r“cncc (Mean 2SD) between . ¢ Vanjance (ANOVA) and Student’s (-test.

/ I1s O .
amineg using the one-waY Analys All data were analyzed using

rgnificant-
Hlues less than 0.05 were considered 28 -t

Packagcs-
%4 0rigin 7.0, Computer SOAWSI®
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CHAPTER FOUR
EXPERIMENTS AND RESULTS

PRRIMENT 1.
EXPERIMENT - EFFEC’I‘SOF'I‘IIEI.EAFDECOCTIONOF

tn . ﬂfO.‘”ORD!CA
.']R_r'!NT!A ON t\'l]TOC“ONDRlAL M

SMBRANE PERMEABI|ITY
TRANSITION (MM PT) PORE.

Milochondrigy Permicability Transition (MPT) has been found to be involved in the
.‘fﬁl’llallzm of apoptosis, as the mitochondrial proapoptotic factors such as cyt ¢. AIF and
Smao'Diabgo, which are nonnally confined to the mitochiondrial mairix ase released
Broug); 4 Inlo the cytosol, Once rejeased, cyt. ¢ binds with Apaf-) which prompts the
via(ion ol easpases in the prescnce of ATP/AATP (Pcomilli er al, 2001). The
"lizol oy that apoptosis is g gene-dirccted program has had profound implications for the
Mﬁlanding of dcvelopmental biology and tissuc homeostasis, for it inplies that cell

nihery can be regulated by factors that influence ccll survival as well as those that conltrol

Prolifen,:
feration ang difTerentiation.

nO'tOVc r,

o :
d“”"opmcmm program, can be distrupted by

the genelic basis for apoplosis implics that ccll death, like any otlicr metabolic

mutation. In fact, defects 1n apoptotic

Wayy arC now thought Lo conpjbute 1o 8 number of human discascs, mnging (rom

99
Wegenerative disorders to malignancy (Thompson, 1992)

et ot (1972). have raised the possibility (hat a large percentage of cell loss from
' . ha

%, , * heen €O
Was due 1o apoptosis and this hypotes* s _ |
“hicy, in spontancously Tegressing tumots ond in

1994), Taken together, these
Y e agents (Ker el al., )
(fC3ted with cytotoxic anticancer

| . high

Reery,, - contfibuled 10 #

% “hong suggesicd that apoplos!s - o (Lowe and Lin, 2000),
and

nfirned by subsequent studies

Re¥caled a high frequency of 2PoP il

rate of cell loss w malignant

cssio
or FCpr
» moreover, could PIU‘“O'C =

AFRICAN DIGIIAQ'EALTH REPOSITORY PROJECT



.

W W j j '
ell established that anticancer agents nduce apoptosis, and that distruption of

Olic programs can reduce treaiment sensilivity (Schmiti and Lowe, 1999). Sun, ¢ aof

\denufied representatives from various classes of chemopreventive agenis from in-

=

Y40 sludies with sufficient evidence to provide a detailed account of their apoptolic

- mechanisnis, Most of these compounds can activate caspases through intnnsic effecior
‘mechasisms that arc regulated by Bcl-» family mcnibers (c.g inhibiticn of Bel-2 cxpression
nduction ol Bax expression) or the mitochondrial permeability tansition (e.g dissipation
S¥mitochondrial inner transmembrane potential) (Sun, ef al., 2004),

The Popularity of the plant M,.cliurantia in various systems of traditional medicine for
Lvery ailments sy ggests (hat the plant contains bioactive agents that will be potentially
W“' in drug development. Over 100 sludies using modem techmques have authenticated
L in diabetes and its complications. Most imporianlly, some of these studies have
oy I8 efficacy. in various cancers including breesi cancer, skin lumor. RiAGIERR

% Hodg)in's discase (Grover and Yadav, 2004). The aim of this study was thercfore 1o

beidatc the effect of the decoction of A.charantia On MMPT pore as this may have a

direcy . _ _
think 10 jis anlicancer propertics.

HRocg1) URE

n%ehcndn'a were isolated from the livers of animals as stated in Chapter 3, Matenols and

M.

: in €9¢
- 48Y5 were carricd out for animals I

a

h Soup.

ins withoyu) tnggering agent

I, .
eling with triggering agent.

Ine? 1. .
NCinhibjiion. ed in the presence of 1otenone n

incubal

My \ b rec- ]
loch(’"dna (0.4mg of protein/ml) were P o the addition of CaCl; (\nggenng

Il"' o) .Ol’
minutes 3l 30°C

] .
" buffer for about 3 ¢ was added and swelling rate was

N succifal
'Ihl'ﬁy seconds later 250mM sodfum

AFRICAN DIGITAL'H&*TH REPOSITORY PROJECT



icd al 540nm 1 ; h;
| 1n a Beckman Uy Speciropholometer based on (e procedure of
uus and Sokolove (1993).

I.‘ r‘ Assa '-r ¥ - .
Y withoul triggening agent, addition of 3004M CaCl; was omitted; spermine was

Med )mmedia 0 ;
itely after the addition of rolenonc. just beforc the addition of mitochondrig

& lhe mi ac b : v
mixture was incubated for 3 minules in a waler bath a1 30°C with thorough
l’ql'ii'ng

for the determination o ['sperminc inhibition.
Liver samples from unircated animals were used for the in-vitro induction of Mcmbrane

Pc:nxcabiligy Iransition pore by 300uM CaC}; /mg mitochondrial proiein.

PR shows that there were no significant changes in the volumes of intact milochondrie
‘Spiring on succinale in the absence of calcium, while the jon induced the opening of
miIOChondnnl penncability transition pore up to about 12 folds in the presence of
eingie g rotcnone. In Fig.2, spermtine, @ standard inhibitor of calcium-induced

"""‘iﬂg of mitochondrial membrane permeability transition (MMPT) pore reversed Lhe

®ung or the pore induced by calcium, by aboul 65%. Fig.3 shows the effect of

Y : )
Omo . fie, charantia (Af. charantia) a\ 35m &/100g bw on MAPT pore, Here, about a 4

Inc : », .cd. Accordingly, Swelling was alinost
fe3Se in permcability transition Was obser

Q’tnlﬂtlcly reversed in the presence of 4mM spermunc. Fig. 4 shows Lhal at 45mg/i00g
sition WS obtnined. This decoction-induced

*3bout 8. o1 increase in permeability ran

Wc - . b
%PNIng was also reversed by 4mM speryfine.

gy . case MMPT by about 11 folds.
85, A1

charaniia at 55mg/100

' - ' hows th
by LLYT I Washalco rovepscd Dy S permine Fig.6 Shows |
porc opcnlng. A 9'r0
that observed al $smg/100g bw, but

e ciliectof 65mg/100g bw of
d increasc 1n MMPTP

dﬁco‘“'on of Af. chargntis ON MMPT
' . than
Mg wag obscrved. This increase 19 L
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d .
cgree of opening o fthe pore was dose-dependent, with a minimal eflccl of 4-

crease at 35mg/100g bw and 3 maximal cflect of 11-

4 fold increase was obtained at
0
8 bw. The use of ANOVA and students’i-test also supports thcse results

WE » significan | |
B 2 significant increase (P<0.05) in swelling between and within groups in a

ewhal dosc-dependent manney.

Cxlents of opening of the pore with Ca** in the presence of the decoction were
affected in o gose. retated manner. At 35mg/100g bw, there was still a significant increase
n 4y ;

the decoclion-induced opening of the MMPT pore in the prescrice of calcium to the

lne of about 9 folds. At 45mpg/100g bsw the increase became less pronounced (9 folds).

d at §5mg/ 100g bw which gave the highest induction in the presence of the decoction

oY, there was no significant additiona) induction caused by calcium in the presence of

e decociion (11 folds).

The exteny of opening of the pore at 65mg/1008 bw by calcium in the presence of the

Setyciion IS however not as much as that seen with 35mg/100g bw, because the extent of

Inductign of opening of the pore ot 65mg/00g bw was only 9 folds as opposed (o the 10-

old Crease obrained in the presence of exuia mitochondnal calcium. The changes in

thance representing the effects of the (ool decoction of M. charantia on MMPTP in Lhe

beenc. and presence of calcium ion & summarized in Table 4.1 below. Data is reposted

h”&n130+

\

!\ ey dose-d denl
n’lc!ca MMPTP Opclling in a dose-dependenht manner,
R ocHaEnec * was only sigmticam for group

fCa’
Sver, in the presence 2
funhcr opening obscrved In ¢ openings in the other

‘ complct
i Thig maY mean ihat the dccoction induced e

Doy

AFRICAN DIGITALLHEAETH REPOSITORY PROJECT
LyHEA



- ."n.v.u.o B-u-8 ._.L._-_.

- « — Swaelling withoul ca”
o - Swelling with Ca™

-1
......‘.........

<028

l——'r—--v--—T T e
0

2 4

hility Transition by Ca'*in

Acmbrane FPerniea

r. .
B dle; Indyctijon of Milocho“d"ﬂ'

Nru,, (control) rts.
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p {
&
J

"E- 0.00 - C-0.0.a H-a.g g P
5 1 \ --nu-l---.&--n
| X -00s- \A
0.10 Theas
4 @ ““‘AAA‘AL&AAA
015
\ .

s — withou Co’
€ 0204 = with Ca”
g . \ A . Spemmine

025 -
- ) 8
(%] ®
<0.30 o

'oco.....orooocob
035

—— -
- T M b5 ; 10 15

Tane (Ming).

n" {.lb:

d opening of Mitochondrial Membrune

Inhibition of Ca?*.inducc

tability Transition Pore by spermine.®
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o o — w- withoui Ca** {Conlrol)

> » — with Ca* (Conirol)
A g 4 Spermina (Conbol)

oo,..’ R ¢
- ey, o v without Ca“(35mg/100g bw)

X ¢ withCa®™ (3Smg/100g bw)
X Spemine (3Smg/100g bw)

® 009
— -
- v~ g ey

S
~
» -
[ .)
=
-
~

F
8. L1C The IN_vivo effcct of the Lesf decoction of AM. charantia (35mg/i00g BW)
on M‘\’ nl‘

compared with control.
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]
20“1 A‘ e '-ulc..._......
ao } ¢“‘ <44““‘
Q10 4
| j ‘."'". ““““AA::::‘*‘
015 $ o
I ’ ' ’ - -V,db\\m Ca:‘ (cmm')
-020-1 \ ";x . "f-“‘ %"(Contml)
£ 'I Ve Y vy, 4 Spermmine {Control)
" 0254 * oo, ey v ~wthout Ca” (45Smg/100gbw) |
a7 . M S5 * Wt Ca™ 45ma/1009 py) |
2-030-4 L 1 - Spemmine (45m9’\009bw)
(6] { * e |
'0\354 ........'...l-\‘
7.2 13 T 4 TN iy =T T ]
Y 2 4 6 8 10 12
Time (mins).

'\h_________‘_

Fg 4.1d; The in.vivg effect of the Leaf decoction of M. charantia (45mgr100g BW)
|

0 AL
MPTP compared with control.
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a

v
>
|

Time (Mins).

L d.1e:

MM
PTe COMpared with controt.
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\BLE 1.1: EFFECTS OF TUE LEAF DECOCTION OF M.CHARANTIA ON
1PTP IN THE ABSENCE AND PRESENCE OF CALCIUM I10N.

75 (n=d) Changes in | Increases in MPTP opening in the presence
e Absorbance of decoction and/or Ca** ( in Folds)
fh RE€ring agent (Control) -0029+0004 |10
L m),
Thg8aiing agent (Control) -0.344 £0.045° | 11.86
1Ca cium),
.LJ -:,A (35mg/100g Bw) 01920035 | .10
; ) B (45my 1008 Bw) 20,222 £0.045° | 7.66
.“? P C(SSme/100g Bw) 10309+0026° | '066
(o (65mg/100g Bw) 0249 20043* | 859
L (35mg/100g Bw) + |-0.263% 0074 [907
iCluy, |
B (@5mp 100g Bw) + 10267 £ 0087° | 924 1
wn' !
P C (SSmg/ioog Bw) Toasszomer |12 —‘
U
L ™® D (6Smpioog Bw) ¢ |0281* 0025° |99 ‘\
._ . ol l

.
] ¢lyes whiclh S'Igmﬁcanfb'

) r,;,,” Agents,

W

| Pd}f{l_‘ft significantly (

p<0.05) 44

(P<0.05) dec

r whelt

peased whe comp

sred with control {No

compan'd ta each other.
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IMENT 2. :
2: DETERMINATION OF TIE EFFECTS OF THE LEAF

OCTION
‘ OF  Mcrnapintia  on SPERMIOGRAM AN

MO Pl » -
. I80L.LOGICAL CIHARAC] ERISTICS OF SPER]\L\TOZOA IN MALE

WISTAR ALBING RATS.

INTROpUCT|ON

*tpmducﬁvc ability 1n the male compnses the production of semen containing normal
rh&mmzoa (quality) 1n the number (quanlity), together with tic desire and ability to
mate ('Sﬂchcll. §977). The testcs (male glands) in all mamnials arc paited encapsulated,
VOl orpans consisting of seminifcrous tubules scparated by interstitial tissue. Their sizes
Y according 10 the specics. In rodents and ungulates, they can be as much as one
Percent or more of the body weight. In human and some apes. they arc considembly
ialiey tHarcoun e/ /. 1981 ). The epididymis 15 20 cxtremely large convoluted structure,

u ' &
hich '3 closcly aitached to the dorsa! part of the lateral surface of the 1esticle (Setchell,

an'
‘Oyeyemi er a1, 2000).

funclions of the cpididymis include storage, maturation and obsotption of sperm

Celly ave been correlated with

"Chn"3°5 occurring in sperm dunng cpididymal migsation h

d
funaion and integrity of the testis and epididynus (Rao, 1971). This has led 10 the

tHagy gjor and nwnor spem
o' 1] ; - secondaly Or maj spem
fication of spenn defects into PAMAry and

Gefeg

*s{Bloom. 1973) although Moss ¢ al. (1988) clnssificd these defecis into pnimary,

ay and ie cous
Icniaty or nitsccllan COUS: .
+ . ed by testicular sbnonnalsties Lthat are

ni . be Caus
1l spermatozoan morphologies may

ey _ VvCINS
4 birth fcongenitel), enlusgencnt 2

" emagic.com, 2009).
jons (ww:hs

the use of M. charantia in

within Uie scrotum (4 ancolc vcins),

S ey diug usc and infect ‘
ave nutIlCnllcnlcd

lag : . :ques h : -
Studies using modem technil l i culin resistance), s antihacicnial,

Cﬂ!arac ’
b 18 complications (ncuropalhy.
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s well as antiviral agent (including i1V
fost importantly, the
Yadav, 2004),

infcclion), as anthelminiic and abontifacient.

studics have shown its cfficacy in various cancers (Grover and
In anitnals, the principal loxicity is o the liver and repsoductive system.

These eff | '
€cls have not yet been reported in humans. Chronic admuinistration of an alcohol
aclof by : - : -
i ['bitter mcion fruit was associated with lesticular Iesions and a siale of infertility

"d0gs and the fruil 1S conlraindicated duning pregnancy (Bakhru, 1997) Also. Ng ef af
bave

reported the in vitro antifertility eft'ect of alpha- and beta- momorcharin in male rats
INg er qt, 1986). Chan and colleagues in 1984 also reported the iermination of carty
Pre@iancy in the mouse by beta- momorcharin (Chan er al.. 1984).

This gudy seeks 10 determine the cffects of the leal decoction of Af.charanta on

Permiogram and mosphological characteristics of spermalozoa in male swistar albino

13ls were gacrificed, placcd on dorsal cccumbency and their testicles were removed

they The right and leRt epididyniis weic innuncd ofl the

u : & o
gh 4 lower abdominal incision

hd)' of \he testes and semen samples Were collccled using @ Pasicur pipctic, from the ail

mptly analyzed
of the epididymis with a sca nel biade. Semcen samples obtained wcrc promptly analyz
- tion, and morpholo

o e following; motility, percentage viability: sperm concentration | 8:
hjn&"mvcnu | methods described by Zemjanis, (1977) 8t the Vetcnnary Surgery an

b= n. Nigena Colour and consistency were

| Rtp, . :
Ve Laboratory, Untversity ylote read from a graduated

. 1 e of Cjﬂc
k"ﬂmn : and volum
® by yisual assessment ¢ of an onimal waos

dents
Ol c. where the
c(tmg lube. LGach group (except grouP

ded). was made up of four anin®ls:

Sy L1y

jlity (77.5¢50% ol 35mg/100g bw,
on s ; L
‘Cant (P<g,0s) reductions "

mol
spem $4+5.77% at

5
: 704 8
ol 45migy/100g bW, 73'33*5-7 E
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é"bw compared with control (9242.87%)) and spenn cell concentrations (1.

-

$2528°26 {65Smyg/180p bw) < 66+7.21 (5Smy/100g bw) < 57.75+4.79 (45Smg/100g bw)

- .
25¢1°26 (35Smg/100g bw) < 82+2.45x10° cells/ml {control) were observed for all

]

imals which were orally exposed to the decoction. Likewise. significant reduction

(PD05) te 8625+:4.79%, 91.6742.89% and 88.7542.50% respectively compared to the

-
wntrol (96.5%1.73%) in percentage viability were seen for animals that received

bﬁvy‘loog bw and above. Morphological abnormalities of spenn cells above the
\l@bsod percentage (Control = 7.69%, 35mg/i00g bw = 9.60%, 45mg/100g bw
=940, SME/100g bw =13.84% and 65ing/100g bw = 13.02%).) range of 10%
. ed for i (Recce, 1997, Rozeboom, 2000) animals ‘were also observed in

Amals i, received 4Smp/100g bw and above. Tables +.2 and 4.3 summarize the cfiects

o the o decoction of Af. charantia on the Spermiogrom and morphological
i

< T . - as Mean + SD
l $2eleyistics of spermatozoa in male wistar albino rats, Data is reported

CONe
]

SION

charan i, elicited 1oxic cffects of sub-acute (30.day) oral administration of s leaf

= ... o
_mﬁttlon IN albino rats with respect to maie rCIllllly.
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Control

; -2: EFFECTS OF DIFFERENT DOSAGES OF

OCGRAM OF EXPERIMENTAL RATS.

M.CHARANTIA ON THE

I Group A Group B Group C Group D
On! ] ! '

&/100g | 35mg/100gBW | 45mg/100gBM S5mg/100gBYW | 6Smp/100gBW
BW(v=4) | (n=q) (n=-4) (n=3) (n=4)
I'_ [
I|‘)Z.SOtz.ao 77.50+5.00° ivz.sms.oo" 73.3325.77° 75.0015.77
96.50+1.73 | 93 2543 95 86.25+4.79" 9].67+2.89° 88.75+2.50"
82002295 [ 7025271 26° 57 7544.79° 66.00£7.21° 64.2548.26°
0.15£0.06 |0.15£0.06 0.1320.05 Ak et

Va!
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riz .93 1\‘ N o
l r£4.3. EFFECTS OF A1.CHARANTIA ON THE MORPHOLOGICAL
UIARACTERISTICS OF SPERMATOZ0A IN EXPERIMENTAL RATS.

1 —_—
i"‘t# ups | Control Group A Group B Group C Group D
i\ Omg/100¢BW | 35mg/100gBW | 45mg/100gBW | SSmp/100gBW | 65mg/t 00gBW
I (n=4) (n=4) (n=4) (n=3) (n=4)

15(0.94%) 17 (1.02%) 21(130%) | 17(141%) 19 (1.18%)
16 (1.00%) |21 (1.23%) | 26(163%) | 16(1.32%) | 20(1.24%)
$0(0.25%) |23(141%) |28(1.74%)  |26(2.16%) ]34 (2.08%)
19 ('-‘9"/0) 23 (1.41%) 16 (2.24%) 32 (2.66%) 36 (2.21%)
21 (1.31%) 23(141%) |33 207%) | 23(1.90%) 313 (2.02%)
25(1.56%) | 24 (1.47%) 31 (1.95%) 25 (2.07%) 34 (2.09%)
23 (1 44%) | 25(1.60%) |27 (%) [22(182%) |31 (1.90%)
5.0 (0.30%) 6.0 (0.50%) 5.0 (0.30%)
1600(100%) [ 1640 (100%) | 1605 (100%) | 120° o L e i)
1477 1483 T1398 1038 (413
7 167 212
123 157 20 :
1% 13.84% 13.02%
1.69% 9.60% 12,

"M”‘,T £

- forel yporiy cells

Normal head without 18 il

iaf abnormal cells

% A

NTiIVH = Normal fail without head

C= Porcett (08¢ abnorm

¥ r.R d: Br= Bens tail
h Wimentary il o Cupved mid- plece
e C, o cMP
N , trved saqit ry Loopedt tail
g~ e, -
e Yent yy,id-piece = Total normal cells
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DETERMINATION OF THE LE

AF DECOCTION
rﬂQ”ORDI.CA CIIARANTIA ON ION OF

N LIVER FUNCTION OF NORMAL ALBINQ

he liver

1S the largest gland of the body. It normally weighs abouq | Skg. ltisan organ

In the -
upper abdomen and fitting under the diaphragm. It has two muin lobes, the nght

| be hcing much larger than the lefl (Chopra, 2002). The various functions of the liver,
eldding the production of bile for enulsification, Gluconeogenesis, Glycogenolysis,
GVCO&ncsis. the breakdown of insulin and other hormanes, Protein metabolism, jipid
'“Uabo]ism. cholesterol synthesis, production of uiglycendes (fs), production of
Qgulition factors, breakdown of hacinoglobin (or the production of metabolites that are
Udeg |, bile gs pigment, breakdown of toxic substunces and most medicinal products in
¥ Process called drug metabolism. convertion of ammonti to urea, production of red

bbod Cellg n

the tirst trimester fetus, and the production of albunnn are camed out by

the |, .
WeT cells or hepatocytes, (Liver-Wikipedie, 2008).

Ma"y diseases of 1he liver are sccompanicd by jsundice coused by increased Jevels of

Slinyp;, o eakup of the henioglobin of dead red

CCHS; ﬂOrn"a"y' thc liVCl’ reImoves bllU[Ubln [mm
bl this o. thus, Joundice tesults). Common examples of

v . -
Uiseascs are: Hepatilis (inflammation of the
bll[ ho]). nu[ol'mmumty (0

the systcm (bilitubin tesults from the b
tlie blood and cxcretes it tough

+a dysfuncijonn) liver can not d |
liver, coused mainly by vanous viruses

utoinunune hepatitis) or

al
% by some poisons (e.g. alco A .
disease (a spectrum In discase, associalcd

Mita,y condiljons), non-alcoholic fouty liter |
_bundance of [aty

(1he rommh'oﬂ Y
y virs} hepotitis, slcoliolism of contact

n the liver; may lead 10 3 hepatius,

Obes :
BESitY and chasacterized as on { fibrous lissue in the liver,

) : . v CirThOsis
Mohenaitig and/or cirrhosis), v

sed b
dead |iver cells which could be €34
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Wver-toxic chemicals)

rcancer of the liver (pr;
Primary hepatocellular carei
. . carcinoma or

astalic  cancers, usually from other

Imolves : ,
XCESS iron slorage and §s usually diagnosed in aduhs) {Galhenage erat., 2004)

Liver funce
unctio -
N lesls are scries of enzyme tests used to ascertain the cxtent of hepatic

"wl"] damage cither by injury or discases. These Liver function iests consist of enzymes
:::: is:::lli:crr and they arc of greal clinical significance. The test s:?mplc i1s either o
_ﬁm 8 S€rum sample collected by phicbotomy. There arc different types of
| 10N tcsls, examples are the transaminases {(e.g. alanine transaminase, aspartale
I‘l!kamimsc)' alkaline phosphatase, gasnma-glutamyl transferase, $'-nucleotidase,
lae dehytlropenase among others (Kniglt, 2005).
.“"Mw charana is used for its antidiabetic propettics. Other common uses have
huded aWimicrobial and antifertility, Traditionally, bitter TE DAL CTA o e
"Medy for lumOrs, asthma, skin infections, gastrointestinal disorders, and hypertension
e er al 2002). Complementary snd

for many other ailments (Anon 1999 Duk

mtmdlivc S T —C Y dinbetes mellitus, appetite stimulant (in traditionaf

Qlin-esg medicine), cancer, HIV infection and gostrointestinal infeclions (Zhang, 1992;
29 Lay, 1996). An Ayurvedic herbal prepasation of

Misery and Patel, 1991).

bitter melon has been used for the

tofincreased inrgocular pressure- (

any tNseC
€OMMon use of bitter melon has been 08
Aortodion charuntin on key hepaiic aymes in

ycie  tropical countnes (Cunnick

Mg

2 s
aj‘m“’“’. 1993). Possible toxic eflects of :
> 1994y, These tnclude increase in hepatic

W have heeon documented (Tennckoon 1,

se ond Scrun! alkaline phosphatasc (Bakhru,
g1

Such as serym v-glutomy | trunsfe
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eiIs of the leal decocwon of Af

3 'll d 5
ay. lreated rais (8roups which received between 35Smpg/ 100g bw and 65mg/p

‘the | l -
cal dccoclion of A/ charantia) and control (the group which received only feed

ad warer -k
e add libitum) were sacriliced by cervical dislocation,

-Avc'nﬂ' h
i 8 and blood samples were collected by cardiac puncturc nto stenle universal

Hmple wbes. The blood samples w

afler having been stasved

cre allowed to stand for aboui 20mins in order lo clot
The |
clolied samples were (hen centafuged at 4,000 r.p.m for 10mius and the supemaiant

Which !
4 Was the seruny was scparalted (pipetied) into new and sterile sample contoniners then

flo i
fed a1 400 Randox Diognoslic Kits were used for all the liver function tests. The

35 for alanine transaminase (ALT) ond aspartatc ransaminase (AST) were performed
usi
SRR the method o f Reitman and Frankel (1957), gamma-glutamyl transferase(yGT) was

B%ycq according 10 the method of Ladenson {1980), while alkaline phosphatase (ALP)

k -
Vels Wefe assayed hased on the optimized stondatd method described by Englehanlt, e

el, ( 1970)_ Each group (except group C. where the dentise of an anunal was recorded),

Was
Made Up of four animals.
The

SUlis Cbiained show no Signi ficant (P<0.05) ditferences for ALT and AST when

<
%pa'cd with control however, thiere Were significont Increasc {BSCOop T Someiit
r .

3 b,
“Yepengent paltem [181.65469.80 a! 35mg/100g - -
2320439 42 a1 SSmg/100g bw and 2189043425 ® 65mg/100g bw compared wiy

42 a1 $Sn

211.10:31.45 ol 45Smg/100g

' 0.77 & 4.
i 9255 + 7.96)) for ALP and (4233 £7.56 &l 35mg/100g I, 50.77 & 4.48
] . .7 ) Or .

43m
1008 b, 5435 + 5.31 at 55m
gy,

1008 hw and st34 2 322 ol 65mg/100g bw
¥

Figures 12,0 and 422 arc graphical

10 contrel (20.86 + 1-07) for 10T

tvilics
c‘c“lations of the ALT and AST scty Vil
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LUSION

leaf decoction of Af charantia coused somewhat dose-dependent significant

es in the ALP and yGT tevels of normal (contro!) rats. The !caf decoction may be

loxic on prolonged usc.
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Fig. decoction of M. charantio on serum
8. ¢ 3. Effects of diflerent dosages of e

AL
Tand AT getivitics.

T (he control Broups and the

fff d b(f“' ({4 n

e
Were ng significant differences 237

.U‘fffrelu groupy
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250

3 & ALP
g vV:GT
100 |
SO 4 I I 1 1
o B “ g
01 I C— o e e D — c D
B

CONTROL A

Groups

{ charantia 00 Serum ALTP and v-GT

of M
b 43b: Effects of different dossg®®
every

gses in ALP 27d yGT for 8roups A B, C
incre

qNOﬂ'.‘ r,u're Were slg"(jkﬂnf {P < 0'05)

Wd p compared with conlrol.
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BLE 44: EFFECTS OF THE LEAF BECOCTION OF

AM.CHARANTIA ON

FUNCTION OF NORMAL ALBING RATS.
ups
i Control Group A Group B Group C Group D W
lq;-
\ 0mg/100gBW 35mg/100gBW | 45Smp/100gB W SSmp/t00gBW 65mp/100gB\Y |
D (n=4) | (n=4) (n=3) (n=4)
t‘hmlcr'-
'.ELT I
W) 125002770 [262527.37 22502420 (20672451 [2752703
|
! -
ST (O, S4.85% 830 155132805 |55552406 |S5943+1.10 [57.08z% 866
~
T
A ) 92,55+ 7.76 | 181.65+ 69.80° | 211.10£31.45° | 213.20£39.42" | 218.90434.25*
Ty v | 5077£4.48" | 5435+£531% {53432
20864+ 1 07 |423347.56 '
3

“ Values which significandy (¥
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MCHARANTL :
ON HEAMA FTOLOGICAL PROFILE O EX
RATS. Y XPERIMENTAL

WTROpUCT N

tiv
\Tspective of the target organs, the decoction is conve

bload scam .

ycd to it siles of action through the
Blood accounts for 7% of the human body weight (Alberts, 2005), with an

s .
VT3¢ density of approximalely

k 1060 kg/m3, very close 1o pusc water's density of 1000
gm3.

The average adult has a blood volume of roughly 5 fiters (1.3 ga)), composed of
Plogn, :
42nd several kinds of cells (occasionally called corpuscies); these formed clemenss
of the
bload are erythrocytes (red blood cells), leukocytes (white blood cells), and

thy,
Ombocyses (platelets). By volume. the red blood cells constitute about 45% of whote

bl
%9, the plasma about 54.3%, and while cells about 0.7%, Blood supplies oxygen,

Ranenyg (glucose, amino acid s, and fally acids) to tissucs and removes wasle (carbon
di"Xidc, urea, and lactic acid) from the same. It has immunological functions (including
Tuzti0n of white blood eells and detection of foreign mualerial by antibodics),
“Bilation fyncrions (which is one part of the body's self-repair niechamsm). niessenger

ong (including the transpon of horinones and the signaling of uissvie dnmage),
SF

P alory function on body pH (the normal pld of blood is 1 the mnge ol"7.35 - 7.45

wngonly 0.1 pH unit) and core body lemperafure {(Shmuk ler. 2004)

'leoo could be diseased o5 Jo other tssUcs and the diseases of blood include anemiia
ISCascy 0%
(1

_ fiom bleeding, blood disonders like
lent red cell inass) which can

result

l’crkiﬂln 2006). leukenun (o gKrouh of

3, 0f nutritional deliclencies (Austin ant . |
uster ¢f ! 200:4). Hcmophilia (o genelic 1lincss
| sl

$0f the L1s0d- tissucs) (S|
ulood-fonning s iechanisma ond can allow

$¢3 dysiunction in onc ©f the bl

i slening) (Willams ul, 1989) and
0 I)Gco"lc

" | ) rc’dhl <4
INEonscsuenting woids |
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Momordicg B

R ] ::!::ta::;:c::mbClsn:avc broadr-spcc{rum an.timicrobial acuvity, having been
Ahhough “ | Y numerous viruses, bactena, parasitic organisms, and fungy.
1 '€ snechanisms have not been detennined for all organisms, in the case of vir]
ml‘ecnon, i §s thought that cerain bitter melon constituents prevents viral pcnetration of
the cell Wall {(Cunnick and Taken;oto, 1993). An in-vilro study using human plasma
Qlonstra;ed the prolongation of activated partial thromboplastin time by Mormordica
harapg, I*yPsin inhibitor-11. No actual human cases of coagulation disorders have heen

poried (Hayashi er 1. 1994). Although scveral siudies have been camed out on the

Ufer,
“Mpharmacological activities of Aomordica charantia, not much has been done on

1ls : - :
tflects on haematological profiles in cither experimental animals or man thus, this

Y aimg o delemmining the in-vivo effects of the leaf decoction of Al.churantia on

"WM : 5
‘ological profile of cxpenmental rats.

. b on the 31" day, af

The hcamatolo
crinany Mcdicine Laboratory, Faculty of

i gical studies were performed
: mals have beecn (asted ovenight.

h- .
0 33 ghory time as possible N the Vel

f Ibadan, NIer! |
(pCV), heamoglob!

MCV (niesn cospuscular volume)

terin, - a Red blood cell (RBC) count, white
| % Medjcine, University 0

€ll (WBC) count, packed cel! ol

-
Mices (piCH (mean corpuscular 1™

n concentiation and the

8|0bin)l

centration)) were all estimated. RBC
con

lobin .
ylar hearno$ " copcentration and PCV estumations,

- (mean corpusc
Clog . _ unt,
Wi ;' calcyi'n,lqcf' from e RpBC co
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WCIC expressed -
p as mean + SD and statistically analyzed \with the tOdEM’s Libst

U[* I S

- |
,Th_n'as’;cssmcm of the blood parameters of ammals orally exposed to the leaf decoction of

.=
YT

A charantsa show cd no significant dilferences in the Red blood celf (RBC) count, white

blood cell (WBC) count, packed cell volume (PCV), hcamoglobin concentration and the
RBC indices (MCH, MCV and MCHC). Tables 4.5 and 4.6 show the crythrocyte and

leucocyte yajues (Mcan + SD) in control and rats treated with the lcaf decoction of

hrf"d““”“m:'u-

c“"CLUSIQN

The Leaf decoction of Af.charantia had no significant cffects on the licamatological

Piofile of experimental rats which werce exposed 10 it over 3 penod of 30 days.
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E4S5: EFFECTS OF DIFFERENT DOSAGES OF
ERYTIIROCYTE vA Ly ES OF EXPER]

M.CHARANTLI ON

|{Py)

MENTAL RATS.
ups Conirol
_ Group A Group B Group C Group D
Omg/100
2/100gBW | 35mg/100gBW 45mg/100gBW | sSmg/100gBW 65mg/i 00gB\W
(n=4) (n=d) (0=4) (0=3) (n=d)
Pmmcu,\\
REC -'
13.74£0.74 | 12,4821 .48 12.09+0.64 13.030.61 14.40£0.25
(X102
V00 |38ir83  [3seom [ o216 37£1.00 4102082
Wiyd) (1262099  [12482041 [ 1192066 [ 12:0.00 13.0:0.00
MCV(n) 27.6720.46 29.9523 68 29.74+0.23 28.4110.55 284720133
r?.-"""--__
I o Re023 10005099 |98%0.16  [9:2250.4 9.03£0.15
M L 32.15:0.88 | 31.72¢0.63
Che 33.17¢0.45 | 32.82140.39 306003
B

T

w‘l‘
ih Contyol

: $ i
T€ were no siguificans (P<0.05) difgerctee
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F46: EFFRCTS OF DIFFERENT

LEUCOCYE v

¢

W,

DOSAGES OF M-CHARANTIA ON

ALUES QOF EXPERIMENTAL RATS.

€ Were yg significant ( P<0.05)

Contyor.

‘ﬂj]rﬂ'”('c’ in th

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

b Control G
ou =
{ 0 roup A GroupB GroupC Group D
mg/100g
\ &1008BW | 35mp/100g BW | 45mg/100gBW S3meg/100gBW | 65mg/100g8
(n=4) (n=4) (n=4) (n=3) (n=<)
A
WBC 121685646 [ 23.4526.09 20.8043.86 21.3320.90 259320 41
)
NS 131252955 69508614 |6400:432 130692088 166982594
Ml 387595450 130502614 38 5087 §$ 40331058 33251577
B [ ToRia s 13.28:2.25 11232065 17.32¢1.76
Tey
)
4 _
L — 5 8.60£0.26 8.60£1.36
6.262.03 7.1322.10 75319
ily
)
e — — o
o et

¢ (reated animals wheint compared



ABLE46: EFFECTS OF g5 p |
DIFFERENT DOSAGES OF 7. CHARANTIA oN |

| LEUCOCYTE vALUES OF EXPERIMENTAL RATS.

Control
sl GroupB GroupC | Group D
Omg/ 1008 W '
g 35mg/100g BW | d5mg/1008BW | 55p011000BW | 65me/i00g8Y
(n"‘“) (n :‘-4) {ﬂﬂ-i} (n=3) {n.:_n
W
BC [2).6846 46 23.4546.04 20.8043.86 21.3320.90 25.93£0 4] :
MoeYes 197252950 69.5026.12 64,0044 32 59.67:0.58 | 66754574
- w S o e —~4 cem e N e e o c—
‘ 28.75.9:4.50  [30.5026.14 38.5047.58 | 40.3:30.58 33254574
- - S 12.7340.65 17.32%1 796
15-4244.78 1632¢4.'9 13284225 bl vl
S 8.6020.26 B.60L1.3
6.2622.03 7.1342,10 7.53£197 36
- —
‘.di

nals when compored

ted ol
k> vere ne siguiftcany (P<0.95) differcnces e the frco
B ?ml Contyyl,
i
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HISTQPATH OLOGICAL STUDIES

istoparh
Opaihology (compound of three Greek words: Datd¢ histos "lissuc*

| rafloc path
ﬁﬂS&Su frering". and GalneS

‘ayia -logsa) refers to the microscopic examsnation of tissuc in

dﬂﬁf b s . ]
udy the manifestations of disease. Specifically, in clinical medicine

hi
'Stopaihomgy refers 10 the examination of g2 biopsy or
- Pathologis,

surgical specimen by 4

. afler the spectmen has been processed and histological sections have been

la . :
Maced onlo glass slides (Histopathology. Wikipedia, 2010),

PROCEhU e

U"':"- teslis and epididyma) samples were obtained [rom sacnticed animals and fixed in
10% (v/v) fonno-saline for histopathological studies. The collected lissues ( livers, iesies
d Slididymis) were removed from the fixative afier two (2) days. dehydrated through
““nding grades of alcohol (70%, 80%. 90% and absolute) cleared in xylenc. infiliratcg,

mbegiag i paraffin wax and cut inte 5 micron @ picce on Retcher ulira microtome for

ght Microscope studies, They were then mountcd on slides and siained with

hatx“aloxyﬁnc and eosin (H and E) according 10 routinc procedute for lsght microscope.

Tis;yeg

ST 100
m-'.l'caled rals, Which SCIVcd e CO"[I'OI- Ntas'“[[callon was Sel nt k

HESUL 1

Prepared were examined for qualitative differcnces in companson to the nonnal

lissue conditions. Group A
showed nomal
group

O tiver y;
histo control
Pathology, the g showed modemte vuscular hetnorthage.
p

Preg
Q‘“Od o ’ : giou

th conditions:
ith normai tissue re vascular hemorthage and Group

: the sinusoids ond scvere

dcgcncmlfoll.

moderate vasculor | 10 Severe were ohserved i1 the

g r‘on] nli ke

ue’_ilion, chencraUOHS 3 ﬂgl.n
of each trea'®d

group as the dosages increascd.

| h"ogics of testes ond CPididy L
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lestes while a mild

a‘-.d . - , :
esencration as well as an increase in spennalids was seen in the cpididynss. In
mp Cs S 5
there was a moderate tubular degeneration in the testes whiie the cpididymis

showed 3 [ i
€d 3 mild (ubular degencration with an increase in spermatids. in group D. scvese

basal

membsane and 1ubular degencrations were observed in the testes while the

epididymss presented with a mild tubular degeneration,
CONCLUSION

Oral administration of the leaf decoction of M. charaniio oves a 30-day experimental

Penod had dose-dependent hepatotoxic and anti-spennatozoal cflects on Normal Wistas

AldINg (515
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1S OPArTHO‘L
OGY OF THE LIVER SHOWING THE EFFECTS OF THE

DECOCTION OF MORMORDICA CHARANTIA AT PIFFERENT
iELHCES OVER A 30- DAY E)\PERIMENTAL PERIOD

~—* Central Veins

Hepotocytes
ey Sinusgids
&/100g bOdY wej
ght {Control).
'g,nre s Histopathology of the liver {2 normal animals.
Atifoet

—»  Hepatocytes

—» Central Vein

—*  Sinusoids

r
D, body weight (Control) orin @ qorms! snimals.
§'|’ |] b . l" '5‘0 nal bolm 0‘ lh&AI\FDIGITAL HEALTH REPOSITORY PROJECT



PATHOLOGY OF THE LIVER SHOWING THE EFFECTS OF THE
1 _‘: :

DECOCTION OF MORMORDICA CHARANTI4 AT DIFFERENT
'00SAGES OVER A 30-DAY EXPERIMENTAL PERIOD.

e ' = Central Veins

== .

—

Hepatocyles

Sinusoids

r&"m body welght {Contro)). i
€4.5.1a; Histopathology of the liver in mormal animals.

& Artifact

—+ Hcpstoeytes

—p» Central Vein

-*  Sinusoids

100

,” body weight (Conirol).

S.0b; Histopsthology of b€

175
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= Hepatocytes

* Central Vein

-  Sinusoid

e i, il — R —— Y i . a

"3 _
k
-ﬁ’_lwz body weight (Normal)

e 4528 Histo pathology of the liver in tested (Group A) animals

Hepatocytes

Centeal Vein

Sinusaids

o -
e

<5 7 -

il
-

i - . h
Y Noonaj) (Groap A) anima
"gzbt?azﬁﬂ :(hom‘ of the llver IF e

(76
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—* Mild vascular hemotrhag

Hepaltocytes
u
Sinusoids
Centrat Vein
$3mg/ 109 ; orrhoge)
B body weight (Modernte vasculor hemotrnog
Flgype 4.5.3a: Histopathology of the liver in tested (Group ) animals
» Sinusoids
‘ k |
Ilepatocytes

—& Centim! Vein

opp 13) BRimals

(s ’
| ":;3:'003 body weight {Nomwnft ¢ liver in tested (Cr
€4.53b: 1}istepathology ©

AFRICAN DIGITALIH??TH REPOSITORY PROJECT



* Multifoci fotty degeneration

Sinusoids

Hepatocytes

Central Vetn

$5m

P &/100g bogy weight (Mulufoci fotty degeneration)

B0re 4 6 4q; Histopathology of the liver in tested ((Grovp C) animals

- .-ﬂ‘-
S - -

N
ﬂ
/-

&
)

_.—-?-

gl _ e

Hepatocytes

Stnusoids

Centrol Vein

E
¥

-

-
o # Severe vascular
—

— g . degeneralion
_— a—

‘-1 i Y -
- -y " ® o ¥
‘ ]

- D @ TS

*

Simg lor ch‘““nﬁon)Cwup C) snimals
O e oty o e e 1
" %.9.40! Histopalbo
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*  Vascular Degenemtion

Hepatocytes

Sinusoids

mf/ 100g body weight (Modcrate vascular degenertion nnd
m g’ Ption of the si"USOids)

Blre §.5 54, 1 istopathology of the llver in testcd (Group D) animals

—»  Hcpalocytes

.-‘-I_‘!

| I= lm'hd erc degen
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PATHOLOGY OF THE TESTES SHOWING THE EFFECTS OF THE
i s

DECOCTION OF AMORMORDICA CHARANTIA AT DIFFERENT

AGES OVER A 30-DAY EXPERIMENTAL PERIOD.

— —- -1

<{@

|
] A‘h

e % Seminiferous Tubules
=

A

Lumen

Leydig/interstitial cells

Fy
- -
T -
=
i
o ———
- -
g
o

-
|
/i
v
i -
L

L | _——> Spcrmnlogonia cells

|
‘ e

X

‘.‘.u $/100g body weight (Normsl Tcsli.s ”is.ml:.):)..}l.(coni
Fleure 4 5. Histopathology of testis Lk

¢o}) animels
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—»  Seminiferous Tuw

—+* Spermalogonia cells

» Lumen

-+ L eydig/interstitial cells

—#  Mild basal membrane
degenertion

£

M0g/1008 pody weight (Mild basal membrane and celiuiar degencration).

re4.5.7: Histopatbology of testls in tested animals.

~» Cellulac Hemorthage

Seminiferous tubule

Severe basal membranc

Degeneration
Spermatogonia cells
dcgcnafﬂlinn. cellular hemorrhage and
e basal -
$Smo i, m‘mbm
by 100g body weight (Severe jmals.
Figur, | cuolation).  tested 52

“T€4.5.8: Histopathology of testis
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a

221002 body weight (Mod
Tre 4.5.9;: Ristopatholory

erate ubular degenemtion).
of testis in tested animals.
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Modernte tubulanr
degeneration

Seminiferous tubule

Spermatogonia cells

Interstitial/Leydig cells

Spermatogonia cells




TOPATHOLOGY OF THE EPIDIDYMIS SHOWING TRE EFFECTS OF
E LEAF DPCOCTION OF MORMORDICA CHARANTLA AT DIFFERENT
SAGES OVER A 30.DAY EXPERIMENTAL PERIOD,

Spermatogonia cells

Lumen
Basal cells

Stroma (Conneclive
lissue)

£
=

Epididymal tubule

1&!“} body weight (Normnl hislo:jigdy ::;;:i: i:g:“n:?{(:oatml) S
€ 4.5.11: Histopathology of epididy
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* Stroma (connective
lissue)

— % & Inciensed spennetidsir
the Lumen

> Epididymal tubule

. -,_1 . ';r. "—-- Basal cells
N e

: g/ t00g body weight (Normal epididymis with incieased spennatids).

"igre 4.5.12: Histopathology of epididymis in tesicd animals, :
Increased spermatids
—» in the Lumen

Basal ceils

Cpwdidymal tubules

Stiome (connective
tissue)

and incrcaXd spcumalids in the

tion
body weight (MK Wbui%f sl

y mis

-‘-n ) sv'*'mc
o Kymig)
e g o i
! 4.5.03; 1 IstopathologY of ¢fld
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Epididymal wubules

Basal cells

= Increased spermatids
in the Lumen

& 1 R e
RNy S 5‘ =~ . m » Stroma (connective
| . 3 il “ Ve N tissue)
s W e Ir f -
0g/100g body weight (Mild tubular degeneration and increased spermalids in the

'.';ﬁmis). .
AL EREE Histopathology of epididymis iu (ested! animals.

| —» Basal cells

» Epididymal tubules

tncreased speninatids in
the Lumen

+ Suoma (conneciive
tissuc)

Mild tubular
degenerallon

ay_o
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CHAPTER FIVE

DISCUSSION

OPOSIS Is one of the most potent cellulsr defenses against cancer. hecausc it destroys
patentially delcterious mutated cells (Reed, 1999). A current and efficacious approach
at s i the limelight is nutritional modulation via an attay of phytochemicals which
€ase the induction of apoptosis in damaged cells such as in cancer cells, In fact. an
tificieny apopiolic process in normal (issues prevents malignant transformation and helps
© correc age-relaled tissue damage (Zhang and Herman, 20023&b). It is now well
SWblished (hai anticancer agents induce apoptosis: and thm disruption of apoptouc
PROZRMS can reduce wreatment sensitisity (Halestrap and Davidson. 1990)

A Breaer undersianding of the pivotal events associated with carcinogenesis wilj

®ilitale he ysc of natural productsfmedicinl plants 35 3 key stealegy (o prevent cancer

¥ injare apoplosss. Indeed, expcnmcninl evidence indicates thal phytochemicals can

%htc the

. carcinogenesis 8l cach of the three
complex multistage Process of B

fhoy,‘ 1 : rogression (Chen and King,
ized giapes of jnitialon, promotion aud malignant P

the opening of the mitochondnsl membrane
S

3). A chtical stage of apoplosts i ] -
10301 Inaity
[ cytochrome C into 1hc ¢y
use the relcase 0

BE0ility transition pore becs 1993; Jacobson et utl., 1994

hnson, ; ' '

M-Cﬂh .ﬂd Jo
s the cell 10 self desiruction L0tk

Y or 0l | 994). o were Jose-dependent arul sigm ficant

cVCBltd thal the
the MMPT pore B
ohserved at $5me/lg bw

oblained in this study ¢ y the decoction of Af

I & f
1 ili= :nduction of ihe opemné ’

Ids
gl jnducuon of sbout 1} o
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the opening of pore in

Cer cell lines. This view ¢
his view s Supported by previous observation that bjoactivc agenls

that alter mit i '
ochondrial membranc function and/or dissipate the mitochondrial potential

Q" induce ' |
apoptosis. For example, cmgallocatcchin galate (EGCG) n green 1ca

depolari 1a |
fPoxrzes mijochondria i numcrous human cell lines including prostate and tung cells
leading 10 apoplosis (Galau and Bnen, 2000),

vamilloid curcumin, found in tumetic, and capsaicin, found in chili peppers, can open

the ; |

MPTP and collapse mitochondrial potential, lcading to induclion of apoplosis (Galati
and B :

Bnen, 2000). The flavonoid baicilin induces apoptosis in T lymphoceYtes by inducing
tMoehrome release and distrupting MMP before activation of caspase 3 (Ueds er al.,

200[)- Curcumin, 3 polyphenol, induces mitochondrial swelling and collapses the MMP,

"Sulling i apoptosis in numerous cell types (Motin ef ol 200); Kim ¢s a/., 2003). Beta

-
lratene, 4 carotenoid found in casot, can induce releasc of cylochrome ¢ from

m‘w‘hondna and alter mitochondrial membrane potential in different tumor cell lines

Oenyeq from Jeukemio. colon adenocarcinoma, and mclanoma cells {Palozza ¢ al.,

2003, Wtonene; a non-provitamin A corotcnoid found in tomatocs, can depolanzc the

'0thondg; g of human prostate cancer cells, induce cylochrome ¢ relcase and uitimatcly
nd
. "€ apopiosis (Hantz ef /.. 2005)

™
LL PO
b Miviral activiiies (Ng et /.

finding that A/ charantia has anti- lcukernia

Y WBgestion 15 further underscored by the

4)‘

ol.. 1978) hutman colon cancer (Caco-2
fin ef dt :

kldfn inoma, (Cha
¥ prostgtc adenocarctnontd. cr cell lines MDA 231(Lee-

) (Yo : metas
__\'I‘(mm, ot ud, 2005), the highly ; as abscrved in Uns study. Thus,

5 g1 sweliin
<t . 2000) and also causes MiaehO >
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1 l‘" Or M ﬂ"‘

. % luncuor ant/o
T dissipxce the MMP therefore ultimately ndicing plans The

hat the etfect of Af charuniy |
: alsh&dqndqnwwmwuhcmn COhporents
Y c

N 15 plan ‘be '
plant may be iNteracting with specific components of the pore mixch as edenine
- Bleotide 113n510case (ANT). Although it

18 yet 10 be determined wiiich of the achive

Exernts the effect, there is incontrovertible evidence that exposure 10 M charansia

"l chie
: % "t opaung of the pore and subsequently the release of eytochiome ¢ and activatian of
I :—& Q&Uﬁo‘n caspascs.

F .
" work wjl certainly tnvolve the use of punfied companents of M.cherantia on ihe

-mu: Process in cancer cell lings. Consequent to the irend of observations made on the
l !&u

of the |eat decoction of Af.charansiu on MMPTP, Eertlity screening in teams of
‘men evalualion and examination of spermi cells” morphologies wese camed out in order

P Venly if ihe apoptotic process evident in the liver cells of expenmenta] nis treated

With the leal decoction were localized or cxtended to other body organs. Intercstingly,

ey Were gignificant reductions (P<0.05) in spemm mouiity and sperm cell

‘mxmgmwns for al] animals Wwhich were orajly cxposcd 10 the decoction comparcd (o

tie

Conyyo| group and a significant redduction (P<0,05} in percentage vinbility 1n animals

Thyy eceiye 45mg/100g bw and above.

T observalion agree with the findings Of Noseerm et al, (Noscens el 1998), Dixit e

it o .. 1978) and Basch etal (Basch *f af., 2003} on the effects of A charaniig
a1, an p

hot there Was probab!

mtation of the cells. Mormphological

y an elevaled rate of apoptosis in

“male rcll“ily and also lussﬂ" t
defo

Pems celly thereby causing douht range of 10% (Recee, 1997;
lities o 1lg above the Proposcy Percentage Pk |
lties of uperm cells above €T

e
[ |
AFRICAN DIGITA| H REPOSITORY PROJECT



zeboom, 2 I 1
. 2009) allowed for breeding animals were also observed in ammals that

2ceied 45 ’ 18ni fyi
mg/100g bw and above, signifying a possible Negative cffecl of the decoction

% spenn niorphology, also possibly arising [tom enhanced apoptosis.

The
decoclion of M. churantiu 1s drunk for prevention or lreatment of several health

~ prodlems, sych as stomach ache, fever, infectious discases, arthritis. diabetes,
bjPetiension, cancer and to regulate blood sugar and conliol digbetes (Pinkney, 2007).
Since y1js decoction is conveyed to it sites of action through the bicod stream. imespective
of tbeir larget organ. we deemed it fit to adduce lhe effects of the decoclion on blood
PERmelets. It was obscrved that there were no significant diffesences in the Red blood
©ll (RBC) count, white blood cell (WBC) count. packed cell volme (PCV),
YaMOslobin concentration and the RBC indices (MCH. MCV and MCHC) when

OMnased to the untreated (control) animals. This observation 1s in consonance with the

“ork of Platel, er g/, (1993) and suggests that orally ingested leal decoction of Af

$eranig 4 dose levels ISme, 45mg, 55ing ond 65mg/100g bw is safe on the blood

h‘mﬁcrs in treated albino rats.
e

' ut on the cxpenmentel
rUlts obuained when the liver function (ests WEre camed 0

) th [
nmls Orally urcatcd Wllh 'hc Vnﬂins dosagcs (35'“8'65'“9“008 b“) Of e lea

s relauve 10 the control, though no

%t\u n which the ALDP and YGOT levels
on followed a somewhat dose-

| group

ALT and AST levels.
resulis albelt, with 1o consistent

*wr'“"”)' (P<0.05) increascd for 1
™

Rl differences were obscrved for

poncd sinlor

koon o 4i, (1994), hes f€
4 thot their resiits Mo

y be due 0 cnzymne
Ind
oup con

“4lholog/cn! defects, The & |
histolopicsl leve

( ohvious 8! the

( Tennekoon dtol., 1994).

YOI rnechianising no
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ol the case he '
re as hlSlOpalhology for group B showed nioderate vascular

*

Group C, mulifoci '
P C. multifoci fauy degeneration and severe vascular hemorrhage ang

"ncraﬁon
- The hemonhage may be os a result of daniage caused 10 the cells of the

ver whil .
HE the fauy degceneralion may be aliributed 0 the hypocholesterolemic and

In . ‘
hypo nglycerdemic effects of M, charantia (Ahmed e af,. 2001, Jaysooriya et 6/,2000).

M [ ey »
observations imply that the decoction may be hiepatotoxic if ingested chronically a

"ehtively high doses.

lzlc“‘“’"‘Sim\ M. charantia induced MMPT pore, explaining its potency in cancer therapy
medicine, The leaf decoction of Af. cliaraniia has hepatotoxic properties as
thawy, [N the increased GGT and ALP levels as well as in the consistent dose-dependent
X ;‘&Opalhologicaj defects. Also, possible toxic effects of sub-acutc (30-day) oral
Amimgtearon of leaf decoclion of Af. charaniia in albino rats were observed, suggesting

iy this poPular anti-cancer agent could pose some danger (0 humasns especiolly, in

%d o male feﬂilil)’ in individuals who relyon oral admimistration of the decoction in

“b"‘“‘ ' 10 be safi
' : . coclion Seems 10 safe on
" various ailments. However, the leafl de

%0"’8‘“' profile as there were nO significant dilferences between vlucs ‘of the

| nuol grou
hVs:xcuogicﬂ,, arameters of rested fats When compased 1o the coniol gfoup
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IARY OF RESULTS

this st
udy we conclude that orally administered lcar decoction of A charantia

nduced
liver Mitochondral Membrane Penneability Transition Pore ¢ MMPTP} in
nonual albino rats.

'I'he 8 1 .
leal decoction of Af . charantia caused increases in the percentage of abnomat

SPeimatozoa in male albing rats.
Orally administered leal decoction of Af charantia caused significant reduction in

speim motitity and concentration ol norma! male albino rats.

The percentage viability in male aibino rats treated with the leal decoction of A

charuntia stgnificantly reduccd.
In general the leafl decotion of M, charantia had a negative effect on fertility in male
Mo rats a5 has been observed by Naseem e af . {1998) and Baseh et al.,(2003).

The teaf gecoction of M. charantia significanily increased the ALP and GGT levels in

redted s, This is in consonance with the work of Tennckoon cral. (1994).

On the ather hand. the ALT and AST levels were not signicantly diffcrent from

. I : nta.
CONtrol in ynimals upon lreatment with the Icaf decoction of M. chara

' 3 af decoction of
H'Smpalhological studics of the liver showed negative cficet of the feal decoction o

AL char antto,
didymes and testes also showed negotive effects
ptdidy

H's“’nalhological stuclies of the ¢
in male albino tats.

Oflhe |€0fdccoction Ofﬁf Charanﬁa an reﬂi'lty
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RIBUTIONS 10O KNOWLEDGE
dissertation, cvidence has been presented 1o show that:

The lear ¢
ccoction of Memorica charamia IS 2 potent inducer of the Rat Liver

M1 ' 1
tochondrial Membrane Permeability Transition (MMPT) porc and this may be

the link betwcen it and cancer chemotherapy.

The leafl dccoction of AMomordica charantia has antifertility efiects as has becen

SCCN on s clfects on cxpenimcmial rats’ spermiogram and  spermatozoa

momhorlogies.

The Jear dccoction of AMomordica charantia has hepatotoxic effects in

eXperimental rats

The leaf gecoction ol Momordica charantia seems to be salc on hacmatological

Profile as (here were no significant differences between valucs of the

ha‘-”“‘“Ological parameters o [ treated rats when compared 10 the control group.

In
I, we conclude 1hat the teaf decoction of Afomordica charamiu has a dose-dcpendent

Wiferil; : ;
fentility ,ng hepatotoxic effects on cxpcrimental animals which were orally exposed

Wit gy _
e a period of 30 days. Also, the leaf decoction 1 abte 10 open the mitochondnal

b oral}
"orine P€rmeabi 2 somewhat dose-dependent manner I OrLy

lity transition pore

“ Cxpen nlcnla] rats. Trealmeni be’ng over 3 pcnOd 0f30 da)'S.
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APPENDIX
1.0 DETERMINATION OF REAGENTS VOLU

FOR SWELLING ASSAY MEDIUM.

CONSTITUENTS CONCENTRATION ARE
- 0.8um Rolenone

MES NEEDED

AS FOLLOW:

- SmM Sodium sucecinate

- 300uM Ca** per mg mitochondiial protein
- 0.1mM Spennine

= Fmal volume of the swelling assay = 2,500uL

k.1 PREPARATION OF ROTENONE
ivfolar inass o Rotenone =394 .40
[M =394.4g in 1000m!
1M =3.944g in 10ml|
[uM =3.944g x 10° in 10mI
80pM=3.944g x 10° x 80g in 10m!
«0.00031552g
=(0.000316g 1n 10m]
Therefore M; " 80 uM, My~ 0.8 ppM
Vi=? and V> =2,500 uL
From the mole eotio, M; V) = M2V,

\,I" = Z l§!!! x 0.8
80 =25 uL

1.2 PREPARATION OF SPERMINE
Molar mass=348.19g
IM = 348,19g in 1000m|
ImM =3.4819g X 107 in 10ml
4mm =3.48/9g X 107 X 4g in 10m|
=0.0{39278g in 10ml
=0.01393g in 10m|
Thmrorc M,= dmM, My= 0. 1mM
V=1 and V3 =230 hl
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From the mole ratio, M1V = M2V,
V= 2,500

4 =62.5 L
1.3 PREPARATION OF CaCl,

Molar mass=11ig
IM=11lg:n 1000ml
IpM =1.11g X 10% in 10m!
12,000pM =1.11 X 10° X 12,0008 in 10m!
=0.01332gin 10g
Therefore , My = 12,000 pM, Ma=120uM(300 pM x 0.4)
Vi=? and V2 =2,500 pL
From the mole ratio, M Vi = MV,
Vi= 2,500x 120
12000 =25 pL

i.1  Preparation of sodium succinate
Molar mass = 270.1
IM = 270.1g in 1000ml
ImM =2.710g x 107 in 10mi
250mM =2.710g x 107 x 250 in 10ml
= 0.675g
Therefore, My =250mM, Ma=5mM
V)= 7 ang Vi =2.500 pL
From the mole rutio, My Vi = M2V2
Vi= 25005

= 50 pL
250 S0p
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3.0
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