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\B�l'H\C.I 

fc1ta1n ,11111-canccr .,gents act by inducing the intnns1c palhway o f  npoplosis v.hich is mediated 

hy lhe release of cytoehron,c (' ,vhen lhc Mitochondrinl r-.itcmbrane Pcm1cah1lity Tr,1ns1t1on 

(\I\IPT) pore open!>, Scvcr,,I Sludic� li.l\c ,111thcn1icatcd lhe use of ,\/01110,du:11 clt11rr1111111

/,\/ c/r111·,1111u1J 1n the 1rcatn1cnt or lhabetcs, bre.ist cancer, skin turner and pros1a11c cancer. Tlus 

study \vus there lore earned out lo dutcmunc ,vhether lhc dccoct1on of,\/. clu1r11111i11 ,, ill induce 

the ope1ung or �l�IPT pore and the consequence of this on other paran1eters such as liver 

f1111c11on and n1.ile fertility. 

l)iffcrcnl ,lose�. 15, 45 55 and 6Sn1gllOOg body weight of the nqucous dccoction of the fresh 

lea, cs of,\/ c/1111·11111111 ,vcrc orall} 11dn11n1s1ercd to groups A.B,C .ind D of aniruuls rei;pcctivcly, 

lor '.'O da�s The control group \\'as fed \\ith onl} \\atcr and feed ud lih1111111 Opening of \I\IPT 

po1i: "•'\ ass,l}ed 111 l'lla11111tol Sucro�c llfP[S (\.1SH) bulTer (210ml'II \.lannitol. 7m\l Sucrose 

and Sm\1 HEPES) Three hundred n1ioro1nolar CnCl2fn1g mitochondrial pro1e1n ,vns used in 

ind11e1n� oren111g of 1'111'\·IPTP rind changes 10 volume of hvcr m11ochondna ,vcre measured 

quanttt:itively nt S40nn1 111 n Bcckrnnn UV spce1ropho1ome1cr Hepatic tnJury '"OS assessed

h1s1ologically and by the level� of Alanine Transam,nase (/\LT), Aspan111e Transan1inase (AST), 

y-(,lutan,� I Tr,tnsrcr:,sc (GG T)  and Alkaline Phosphatase (,\l.P) 1n serum Epid 1d;mal spcm1 

s,unplcs obtained lrom the nn,rnals were analytcd for moulity, v1obih1y, spcm1 counts and 

n1\'lrphol11g, RL':'illlls \\Crc slati�lle.ilty .inal;·zcd using Mudent's t·tcst .ind ANOVA at 0.05 level 

or �1gn11ic,111cc 

1 here \\crci srgn1!icant 1ncrc.ises 10 the c:1.1cn1 lo ,vlnch the different doses of the decoctton

induced opening of lhc �f\.lPT pore. �10'(1mum 1nduc1ion (-d�j•c .Q 309) \\ns oblnincd 01 

SSn1g/lOOg b\\, which translates to ahout I I-fold increase when con1prired wuh the control value 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



\ \"s. ·U U2')J lhough, the c:1.1en1 of por,c 1nduc11on decreased to about 9-fold (-�.wo -0.249) 01 

65mgll0Ug bw, Significant reducuon 1n spcnn mouh1y rclauvc 10 control ,vus observed for all 

1rc31ed animals. Spcm1 counls were also s1gn1ficanlly reduced in 1his order: Group D< Group C<

t ,roup B ( iroup A� conlrol w11h v11lues n1ng1ng from 82.00:l 2 45x I O'' cells1ml (control) 10 

h-1 251 S 2CI\ I o� cclh /111I (Group 0). Likewise, s1gn1ficant rcducuons of 86.251-l, 79��. 

'>I 671:2 SQ�,� and 88 75 ·2 sou;. 111 percentage viab1h1y ,vc:rc: observed 1n on1mals thal rccci\'ed 

-l '· ,5 ,1111.I (15111g. I OOg h,, of c.lccoction rcspecuvely, compared wilh con1rol (96 5 I 73�'.,) 

Morphological abnonnaliucs of spcnn above lhc proposed 10% (Group B-=l 2.94fo, Group 

l I 3.84% illld Group D 13.023/o) ,verc .ilso observed 1n animals lhat received 4Smg/l OOg b,v

and nbO\'C. There ,vcrc significant dosc-dcpendcnl increases 1n ALP 1111d GGT levels for nil 

i;roup� rcla11, c to the conlrol 

Dn�c-rclutctl 10,1c effects of orally adn11nislcrcd lcar dccocllon or,\/ """'""'"' \\'115 observed in 

alhrno r.its und n1ay be in1pllc,11cd 111 1111,lc infcniht)' 1n individuals "ho rely on 1hc dccoclion in 

1rc.111ng, anous 111ln1cnts 

Kr \ \\'OROS ,\fomortl,ro cl111r1111tr11. Dccoc1ion, �li1ochondnal Membrane Penncab1li1y Transuion 
l'11r� I 1, ·r l·1111c11on. \lalc Fcniluy. 

\\lord count •143. 
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\C K°"0\\11 DGI :\lf\l� 
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\ c1c11n11ry Surgery and Reproduction, for helping "ith the semen c, aluation, I an1 indcbtcd to 

ll11l,1dc Kch1ndc ()gun\\ cn111110 \\ ho .1ss1s1cd me w11h 1ntuballng the animals used lor the lirst sets 

ol cxpcnn1c111s 111 2006. I thank 111y studcn1s, Rose Onpe and Ope Oyesnnmi for their help 1n the 

�ccon1I pha\c ol cxpcn111cnts conducted 1n 2007 

I Jpprcc1,11c the kindness and assistance or Brother Ta1,vo AJa1yeoba, the Store �lanagcr or the 

PCJ School throughout the pcnod or this program. 
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U111\ cr-i.ll) or I cchnology, Ogbo1110�0 for their 11ndcr;tnn1hng and encouragement nn)11mc I had 

lo lea\ c Ill)· duty post 10 allcnd to this progran, 

:-.I) 11.ircnb, Elder ,llld t-.ln, 1.0 Odcwus1 hu\c been wonderful, lhey gnve 1nc this vision ,1nd 

cnJhkd 1nc 1n 1hc1r O\\ n li11lc \,·ay by 1hcir own lillle n1ea11s and I thank God, their seed of love is 

gcnninaung fo\l, becoming a grown plo111 "E o ni Jcun on,o ninu ,usan o" ,\n1in l ·ontl,;o Jcsu 

�ly love goes to my dear and unders1nnding �lummy- l\lrs Dorn Ehigie, You'll by lbs grace ltve 

lony and sec your desire come lhrough for us in Jesus' nan1c, Amen 

\I\ d1k1 ,1,1c1 I .1\11lc 1\dc,1v,1n ,tnd her Jdorahlc kids, have hecn playing host to me whenever 

l3m 1n town for the running or this progran1 I 1hnnk you oil. In the snmc vein I thonl,; the other 

s1bl111g.s. Ak1nlcyc. 'Toy111, Scun ,Ind \cny for their love and prayers fvloy our good Lord bi� 

and keep )'OU and cause His face 10 shine upon you forc\'cr nn1cn. I also thank Ol)' aburo, 

t\dc11ole ,\)obum1 A<lc1nola for lus suppon ond all the help rendered domesttcnlly nnd othcn\'ise 

dunng the course of 1h1s pro1,'Tiln1. May God grant you succccss 1n ;1II )our cndcJ\OUrs, Ainu\. 
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Al 1l11s point. I ntuM appreciate the love of my h fc, Dr. Leonard 0. Ehig1c, for loving me as 
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bchc\'1ng 1n me. For sourcing for \11cr,11urcs 1ogc1hcr wi1h me. proof-reading the manuscnpts, 

l\111ng \\hen the need ;1rosc. statis11c.1lly Jnal)•1ing dot.i, ,1ming1ng and re-arranging lhc \\Ori.:, for 
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Cll;\PTEJl ONE 

1.1 t--:1'RODUCTTON

I Ii, 1 1111ud1011tlrrun 1� d central orgunclle "h1ch pla):. a pronuncnt role 111 cell <lt:alh
because il is cruc ial for signal lransduction and an1plificat1on of the apopto11c response
(Green and Reed, 1998, Johnson and Boise, 1999). ll is no\v \veil established lhn1 certain
,11111-cancer agents induce the inlnns1c palh,vay of apoptosis ,vhich may be ntcdialed by
the release or cytochrome C \vhen the mitochondrial membrane pcrme11h1l11y 1rnns11ion
(\1\IPTl pore 1s open /<:rhm111 and I.O\\C, l<J<J9)

1 his pore 1s thought 10 be formed through a Ca· - tnggered conformauonal change of lhe
adenine nuch .. -011de lmnslocase (ANT) bound to matrix cycloph1lin-D (CYP-0), a
p1:p11tlyl prolyl c1s,1r:ins 1�on1crJsc (PPlascJ, u1114uc lo the 11111ocho11lln,1 ,1111.l �o nJ111..:J
h.:�.111�c ot 1 1s C)closponnc A (CSA}-b1 nd1ng propcn1cs (Scl11n1 11 and LO\\'C, 1999;
llalcstrap .intl Oa\'1dson, 199() C\ P-D catalyses lhc 1nlcrcon"ersion bcl\veco c1s and
1r.1 11s-eonformntion of pcplide bonds adjacen1 10 prolinc residues and ns such, 11 is ideally
\IIIIC'J for cnusini; the confom1a1ional change 1n a rncn1hrnne prott'in that would he­
required to induce formation of a pore TI11s membrane: protein has been tdcn111icJ 10 be
ildcn1ne nuclco11dc 1ro1nslocasc (,\NI J, ,, luch trJn�pons ;\l)J• ,and ,\ TI' ,1cros� the 11111c,
n11tochonJnJI n1en1hrJnc llialestr.ip, 11nil Dn11dson, I 990)

It has been confirmed thal lhe conformattonnl slate of the ANT 8rt:ttly 1nllucnccd the
\l'n,11&\ 11v of lhc: \IPTP lo [C';il'I "h1 ch led 10 the rror<'t,1! lh,11 ,n lhc prc,c1 ,l 111
cak101 11, 11 C)� loph1hn O-mcd1111cd confom1a11on:il change of the AJltr \\·ns responsible:
for the fonna11011 of�tMPT !)Ore (llmlestrop and Da\ld10n, 1990, llalcstrap, er 11/, 2000)
II hiis been csi.1bhih.:J tha1 once rch::u,cJ, C)lochron1c C binds 10 11pop11111c prote-.i.se.ic1uu10, fuc1or I (/\1'1\f<.f) 1n the prcsc11cc of ATP or O;\ I I' and fonns a coniplc, thnt
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/pfoceltel and activatca pro-c:aspue-3 and -7 (Saleh, et al.,1999). The release of 

cytochrome C hu been linked to a loss of mitochondrial membrane potential (Acpm) and 

1ncrcuc hi pen11eability transition (Petit, et al., 1997; Shimizu, et al., 1999; Marzo, et al.,

1998), The consistent observation of mitochondrial dysfunction prior to the nuclear 

changes associated with apoptotic cell death 1mphcs that ii may be a critical regulator of 

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

Jacobson, et al,; Newmeyer, et al., 1994). 

Furthermore, 1n cell-free systems, mitochondria arc a necessary component of the 

cytosolic fraction to produce apoptotic features in isolated nucleic (Newmeyer, et al., 

1994)), Therefore, the opening o f  the pore is si11e q11a 11011 10 the initintion of cell death 

and a putative target for the design of novel strategies for blocking pathological cell loss 

or for killing un,vnnted cells. 

It IS now abundantly clear that a number of phytochcmicals can net as chcmoprcvcntivcs 

in the development of cancm and the diseases nrising front dysregulatcd npoptosis 

(Martin, 2006). Bitter melon or ,\fomonliro cl,aranfla (Af. charanlla) of the family 

Cucurbitoccac is a medicinal plant kno\\ll as "Ejinrin ,v,:,,ve" by the Yorubas of South 

\Vcstcm N1gcna Although us country of origin is uncertain, the plant is commonly 

cultivated for its fruit in tropical regions of India, China, East Africa and Ccnlnll and South 

Amcnca. 11 1s hctbaccous, chmb1ng or having prostate vines \\·ith sin1plc or forked tendrils 

(Garau, er o/., 2003, Rivera, 1941 ). It has lobed lea\CS, yellow Oo,\C1'5 and edible and 

b1tter-w11ng of111lgc • yellow fruiis. The unnpc fruit is green 3nd is cucumber -shaped 

w11h a bumpy looking surface The parts of the plant used for medicinal purpose in<:lude 

the fruits, lcavca, seeds. whole ph1n1 and seed 01I. (Anon, 1999; Cunnick and Tnkcnioto 
•

199)) 

lntercsllngly, the plant hu a long history of use by the 1nd1gcnous people of the Amazon 

who pow 11 1n their gardens for food and mcd1c1ne. They add the fruit and/or lca\-a 10 
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hcans and soup for ,1 b111cr or sour na, our ,\ lcc1f tea 1� used lor J1abch.:), t\J ,·,pcl
1ntcs11nat gas, and as an antiviral for measles, hepatitis and feverish conditions ,\/.ch111a111111 ts used topically for sores, wounds. and 1nfcc11011s and ctthcr 1ntcmalh or
cxtcmally lor womlS and parasites (Tropical plant database, 2007). Bitter melon has also
been used J� both .1 food und n1ed1c1111.: throughout A)i.1 as II L11crapeu11c rented) 111 c1
,ar1cty of illnesses such as lcukcnu.i., diabetes, usth1nu, 1nscc1 b11cs. n1cns1rual C)Clcproblcn1s, ston1ach problcn1s, as \\'Cll as many other maladies. In Brazilian herbaln1ed1c1nc, b111cr melon is used for tumors, \\'ounds, rheumatism, malnria, vaginaldischarge, 1110amma11on, mcnslrunl proble1ns, diabetes, colic. fevers. and wom1s It 1salso us1.'tl lo induce abon1ons and ,is an aphrodisiac (Tropical plant d,1tabase, 2007). It 1sprepared into a topical remedy for the skin to treat vagin1tis, hc1norrhoids, scabies, itchyra,hcs, cc1.cn1a, ICflrOS) and other skin problc111s,
In �lcxico, the entire plant is used for diabetes and dysentery, Llic root is a reputedaphnxhs1ac In Peruvian herbal mcd1e1ne, the leaf or aerial parts of Ll1c plant arc used totrcJt measles, n1alana, and all types of 1nllan1mn11011. In \'1cnrnguo, the ICJf 1s con1n1onlvused for stomoch po1n, diabetes, fe\'crs. colds, coughs, headaches, molana, skincu1npl,11111s. menstrual disorders, aches and pa111s. hypenens1on, 1nfect1on.s. ond as an aidIn cl11ldh1nh (Tropical plont datab.i�c. 2007) In Nigeria lhe aqueous cxtn1cts of thele;i, cs and fruus ,1n: used for s1m1lar ,ulmcnts listed above (Sofoworn, 1984) TI1e popul:intyof ,\lon1ord1ca c/u1ro11tla 1n trndilionnl medicine suru_:ests that II contmns bio:ietivc 011cnts1ha1 will be potcn11olly uselul 1n drug development Over I 00 studies using 111odcmtechniques have authenticated lls use in diabetes ond its complic:ihons Most 1n1portnntly,some of these stud1c� have shown 11:1 efficacy 1n vnnous cancers such n,; l)'lllphoidlcukcn1rn. l)'lnphom.,. chorroc:irc1nom11, rnclanon1,1. hrcas1 c:111ccr. \l.111 iu,1101• llfll\t,ilrc c.111ccr !;!.ju.imous carc1norno of tongue and 1:irynx, human bladder carcinomas andI lodi;J,.1n \ d scasc (Gro\cr and YaJa, 200-l),Prcv1ous reports (Singh, ,.1 al., 1989,

J 
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Sn,astava, el nl 1993: Ng, el nl .• 1994, Plate! and Snn1vasan, 1997, Naseem, rt 11/. 

l'l'JS) h,1,1.: sho,,n th1.: cflccts of,.anous parts of the plant (seed, frutt and C\'CO the whole 

pl,1111) 1n different cxtruc11on 1ned1n such as benzene, alcohol, pelroleun1 ether, acetone, 

,vater and as crude extracts and juices 1n the treatment of n1any i11ln1cnts. tlowcvcr, there 

1s paucity ol 1nformauon on the b1ochen11cal basis of some of the pharmacolog1cal effects 

of the bioacuve components of ,\/ cltnra1111n cspcc1ally \\'Ith respect 10 the apoptollc 

1nach1ncry of the cell. 

Tiu� study therefore ,vas earned out 1n order to determine ,vhcthcr the dccoct1on of t,f

chrire11111a ,viii induce the opening of :-.t�1PT pore and the possible consequences of this 

opening on other p.iran1ctcrs such .is It, c:r function .ind rnnlc fcrt1ht)' 
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1 I OBJI CTI\ E 

Apoplos1s is a type of cell death that plays an important role in early dc\lclopn1ent and 

gro,vlh of nom1al odull tissues. II 1s regulated by phys1olog1cal stamuh and pn:scnl in 

man} species and tissues (Kerr et al., 1987) Apoptosis occurs follo,viog a moderate 

1nsuh 1nsuflic1en1 lo kill lhe cell oulnghlly bul enough to cause s1gr11ficant damage. 

Fxan1ples include a short pcnod or hypoxia and exposure to lo,, doses of a chcnucal 

toxin In contrast, af the initial damage to a cell is too severe, the precisely regulated 

process of apoptosas as not possible and cell dcalh occur.. , 1a necrosis (I lalestrap, l'I 11/, 

I 998). In recent years, 11 has become apparent lhat matochondrio ploy a critical role an the 

n1cchan1sn1 of both apop1011c and nccrotae cell de,llh through the opening of the 

11111ochondnul n1c111hranc pcm1cahilitv 1r,1ns11ion pore (\11\IPTPl (ll11lcs1n1p ,., 11/ inno1 

The ?\1MPTP opens ,vhen n1itochondna ure exposed to high calcium concentmtaons, 

ox1datl\'C stress. c.t c , uncoupling oxidative phosphorylat1on and hydrolyzing ATP rather 

than synthes111ng II II ten unrcs1ru111cd, this s1111.u1on II ould le.id 10 cell dc,1th nu:

111l11h111011 or :\II\IPTP constitu11:s an 1mport.1n1 �1r11tegy for the pham111ceu1ical preven11011 

of unwarranted cell dcnth Conversely, 1ntluct1011 of �!MPT in tumor cell� const1111tcs the 

goal of :inticJnccr chcn1othcrt1p) (Krocntcr cl 11/., 2007) and II 1s 110,v obund.intly clear 

that II number of phytochcn1icals con net :is chcmoprc\'cnllvcs i n  the dc\'clopn1cnt of 

cancer, and the disease$ arising from d}'ircgulatcd npop1os1s (Mortin, 2006) 

Sc,c,ul s1uJ1�) h.i,c Juthcnt1�Jh:J the u�,.: llf ,\/11111111,/1, 11 ,li,1111111111 111 1h, 1n . .i1111"111 uf 

, anous n1lmcnts, most 1mportontly, cancers �uch os lymphoid. lcukcn1i11, Iyn1phon,a, 

hrcJSI ranca, �J.an tu1nor, pros1.1t1c c�nccr c,t.c (Grover and Yodav, 2004). Tlus study 

,, os 1hcrcforc carried out 10 dc1cm11nc "hcthcr the 1lcrn.. llnn (If If rh11r,1111111 ,, ill inilurl' 

1hc open1n11 ol the �11\IPT pore ns ,,ell as to 111,·cstigatc the consequence of this opcnan� 

on other p�rnmctc11 such ,15 h,cr function :1nd 111nlc fc•11h1v 
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CIIAPl ER T\\ 0 

Ll1 ERi\'fURE llEVIE\V 

2.1. TIIE �IITOCIIONDRION 

Mitochondria are organelles of eukaryolic cells, believed 10 have onsen during evoluuon, 

,, hen aerobic bacteria capable of oxu.lauvc phosphoryla11011 took up syn1bio1ic residence 

w11lun pnn1111ve, anJerob1c eukaryot1c host cells (�Larguhs and Sch1vnrtz, 1972). 

�lilochondna are very conspicuous in ihc CY10pla.s1n of n1ost eukaryouc cells. They nrc 

n1cmhrnnc-houncl nr!!ancllc, nf I nr1·1nl! �11c, hul lhcv l11'irnlh lrn1 c .1 1lt:1111rtrr or 1hn111

I µn1, similar lo lhal of bacteri.i cells. Thi!) vary widd� in sh.ip-:, nurnb.:r nnd location, 

depending on the cell type or 11ssue funcuon (Lehn1nger, 1964), 

�lost plant and animal cells contain several hundreds 10 n thousand mitochondria. 

Generally, cells in more metabolically ac111·c:: 11ssucs devote larger proponion of their 

volumes 10 mitochondnn Muochondria arc found n1ostly in eukaryollc cells (llcnic and 

�1.1n1n. 2003) Onen the mllochondrion 1s referred tons ihe po1ver house of the cell and 

ngluly so, because the inner membrane bears the components of the respiratory cho1n and 

the en1yn1c co1nptc, r�pons1blc for A TP (Ade110s1ne 1nphosph:11e) synthesis ATP is 

U ,J ..w, J wur,, or ,h,1lll�JI �,1,11,) Ill lh, , 11 I h• Ill uhll 1,11. '" l ,Ill, l I •

m11ochonJnon as the po,�cr house of the cell os 11 1s known 1od11}' (Mc Onde, 1,1 al.,

1001,1 l\lnny cells ros�c�� onlv n sin •le n111ochondnnn while others can hnvc �cvcml 

m1lhons �litochondria have their own 1ndepcndc11t genomes with the mitochondrial 

DNA coding ror ccna1n proteins �pecific to the inner mcn1bronc, bu1 other nutochondnol 

11101c111i .ire cncodc:J tn nuch:.ir DNA /1\nckrs�on, ,., 11/, 2003) 
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The nun,bcr of mitochondria per cell appears to be relatively constant and characteristic 

ro, .,ny ii" en cell 1ypc \ ral li\'cr cell for example, contains about 800 n1i1ochondna 

t nhkr other n1cn1hranous structures such as lysosomcs, Golg1 con1plcxes, and the 

nuclear envelope, n111ochondna arc produced onl> h) d1, 1s1011 of pre, 1ousl) c,1�11ng 

1n11ocho11dna (1c they undergo fission ,vhen they become too large) (Nelson and Cox, 

2005). The ATP 1nolecules fonned by n111ochondna dtITusc only a distance 10 the A TP­

r�qu1n11g conlrachlc clcn1cn1s. l\ltloehondrin arc also frcqucnll) located adJnccnt to 

cyloplas1n1c fat droph:1s, "luch serve as a source of fuel for oxida1ton (F1skun1, 2000). 

Each mitochondnon, as sho,vn (Fig.2.1) has 1,vo membranes, v1z: 

The outer mcn1branc ,vhich 1s un,vrinklcd and completely SUITOunds U1e organelle. This 

n1crnhra11c 1s readily pem1eablt 10 sn1all n1olecules and concentrmcd ,ons; 1ransn1embrnne 

channels co,nposed of the pro1e1n, ponn allo" molecules of molecular ,ve1ghs less lhan 

5,000 Dahons 10 pass cas1l) (�clson and Cox, :?005) and the inner nu:rnbranc "luch ,� 

,mpcnneablc to mos1 small molecules and 1011s. 1nclud1n1? protons fll'l: lhc onh species 

that cross 11 being 1hosc for ,,luch there ore specific 1rnnsponer pro1c111s l�lanncll.1, 

2006) 

l he n1a1n;,; contains the enzymes that ore responsible for c1Lnc nc1d cycle renctions. h

also contains dissolved oxyscn, ,vn11:r, carbon d1ox1de, the recyclable 1ntennedintcs U1at 

serve us energy shun le, ond much n1ore Bccau�c of the folds or the cnstne, no pnn of lhc 

n1Jlflll 1s tar f101n 1hc inner n1c111branc Therefore, main:\ co111ponc111� can d1ITuse 10 inner 

mcmbrJnc co1nplc,cs and lranspon proteins "1ll11n il reli111vcly shon 11111c (Ra11papon rt

"' l')'>l:iJ 
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l•I&, 2.1: Olocbemical Anatomy ofMhoc:bondrion (ScbcfOcr, 1999). 
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2.1.1. INNFR i\llTOCIIONDRIAL r.1Ei\>IBRANE 

The inner n,11ochondnal ruembrane has more 1han 100 polypcplidcs and a \Cl) !ugh 

prole1n lo phosphohp1ds ratio (3 I). h 1s nch in an unusual phosphohpid called 

eard1olip1n. Unlike lhe outer n,embmne the inner n1en,brane docs nol contain Ponn, and 

11 1� highly 1n1pcnneuble. ahnost all ,ons and n1olecules require special membrane 

lransponers 10 enlcr or exit lhc n1a1rix The inner membrane has numerous cnstae th:11 

c>.pand 11s surface arc.i, cnhunc1ng 11s .ib1h1y 10 generate t\ IP (�lannclla. 2006}. In lhc 

liver m110chondnn, the surface urea 1s about S limes that or the ou1er membrane. The 

inner m110chondnnl n1en1brnne cons1s1S of regions of inner boundary membrane 1ha1 arc 

parallel 10 lhc outer membrane and regions invnginnting 11110 the mntrix as crislae. TI1ese 

1nfolthngs of lhc inner membrane arc of vanous shape�, sonic arc tubular, and 1n sonic 

01hcr milochondria, 1he cristae :ire longitudinnl ralher lhnn lateral. TI1e cristae include the 

elcc1ron iransport chain, the phosphorylollon appnro1us, and transporter pro1c1ns (Horris

and Thompson. 2000) 

fhc 111111:r boundur> n1cmbmnc part1c1patcs 1n transport rc3tllons 1nclud1ng the fom1u11on 

of contact sites, ,, h1ch ore d)11an11c structures th:it 1n,·oh·c fusion of the inner Jlld lhc 

outer m11ochondnal 1ncn1branes and arc kc\ ponic1ro111s ,n protein 1111port cncrl'\' 

couphng w11h 1hc C)·tosol v1a fonna11on or cre.111ne phosrh,11e and ur1nkc 01 1a11v acids of 

o, 1dnt1\ c mc1abohsm TI1e nu1nbcr of cnstne varies according to the 1ntcns1ty of 

ox1da11, c n1ctabohsm, with an increased nun1bcr present in ocllvely respinng 

mitochondria (Skarka 1nd Os1adal. 2002). TI1e n1a1n fune11ons of proteins in the inner 

mc1nhranc 1ncludc ox,tlauon rc�cllons. ATP 1vnthes1s :ind trnnsronat,on !Rich 200l) 

?.I.I.I TII r r I EC-TRON rR,\ �SPORT Cl I \ IN (fTC-). 

�1110<:hondna, 1hc power house of cukoryottc cells, ox1dizc subs1ra1e� (amino acids. 

curboh)lhitc�. fall)' nerds) .ind reduce co-cnzyn1cs NAO and l·AO 1o the cnergy-nch 

mnlC<",rlc.-\ \:,\OIi ,111J r \Ill! I he rrJo, cn,·ri:Y fra,111 \; \OIi nil I \Dll " 11111 f�q�,I 
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tn nxv11cn 1n �c"cr:il �tcr� v,:1 r('n\'.irlntnin in the C'lt'clrnn tran�rnr1 chain Thr r:rr ,�

con1poscd of the mitochondrial cn,.ymes (kno\vn ns complexes I, 11, rII and [V) that 

transfer electrons fron1 one complex 10 another. Electron no" bet\\ ccn the ntaJOr 

con1ple,cs o f  this chmn drives the extrusion of protons, cstabhslung a :.tccp 

clcc1rochcn11cal gr:nhcnt across the inner mitochondnnl membrane The gradient 

ult1n1a1cly pO\VCrs most cellular functions, par11cularly by allo,v1ng the fonnation of ATP 

\'13 Al P synlhnse (Fig. 2.2) (Scheffier, 1999). 

Co1nponc111, of the Electron Tran�port Chnin 

•!• rn,npkx I \\h1ch ,s :il�o known as \lf\l)H dchyrlmgcnasc complex is a large n,noprotc1n 

�u,npk, �OlllJllllll� l1IUIC lhJII �5 pol) pcpllJc di.1111� lhc CIIIIIC 1:0111pk, ,� �-,nhcJJcd Ill 

the inner m11ochondrial n1cn1brone, oriented \Vllh its NADH-binding site fnc1ng the 

n1a1rix such that II can 1n1crac1 with NADH produced by any of the sercrnJ matnx 

dch)·drogcn:i.ses. r he overall reacuon catnlyzed by complex I 1s: 

NADH+ H + UQ NAO "UQH2, 

1n \\ h1ch o:,.1d11cd ub1qu1nonc (UQ) accepts a hydrogen 10n (lwo electrons and a proton) 

from NADH nnd a proton from the solvent ,v.itcr in the matrix. 

rhc cn1}111c con1plc\ lirs1 transrcrs a ptur of n:duc1ng equivalent from NADJ I 10 its 

pr11,1h�11c group, I·\ I:\: I he ,omplc\ .ilw cont,nns sl!\ en te-� 11ron-sulphur) ccn1rcs of 

,11 lcJ\\, 1wo dtlfc:n:nt l)Tlt:S, throufh 1\ luch t'lcctrons p,tS\ un 1hc1r 11 ,I} front I \I:\ to 

uh1qu1nonc Rotcnonc (a rlnnt product co1111T1onty u�cd n� �n insectic1clc) :incl 1hc 

anub,otic P1crc1d1n A, all inhibit clccuon now rrom these Fe S ccnircs 10 11h1q111none 

I 'h1t1u1nol ll QHi) 1.hfTuses in the mcmhmnc from complc'< I 10 con1plcx Ill \\here II is 

o:,.1J11cJ to I.IQ The 001\ of clcftrons fro111 ,01111,I�� I lo L;Q 10 contpk, Ill I)

11ccomp�n1cd by the movement of protons from the milochondri,11 n1n1rix lo the outer 

1cyiosohc) side of the inner mitochondrial membrane (th1: 1ntcr-mcn1brane space) 
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•:• C omplcx II 1s also called succinale dehydrogcnase and 11 is the only 1nen1brane-bound 

en7v1nc 10 the c11nc acid cvclc Although s1nal\cr and sin1plcr 1han cornplc, I. ii cnnt.1111, 

t\\o 1ypcs of prosthetic groups and at least four different proteins. One protein has a 

cn\,1lcntlv hound r \0 and an r-c S ccnlrc. \Vilh four re alon1s: a second iron-sulfur 

pro11:1n 1s also present. Elce1rons arc believed 10 pass from succ,natc 10 f ,\D, then 

through the Fe-5 centres 10 ub14111nonc. Other subslrJtcs tor 11111uchundnal 

dehydrogenasc also pnss electrons 11110 the respiratory chain nt Lhe le, cl of ub1qu1none, 

but not through complex ll, 

•:• Cornplc, Ill. also known :is cytochrome be1 comptc, or ubrquinonc-cyrochromc C 

ox1dorcduc1asc contains cytochromcs bs62 and bs66, cytochrome C1, an iron-sulphur 

Jlrotc1n, and ,II h:;1s1 six 01hc:r protein subunus. These pro1c:1ns arc: ,1syn1n1c1nc,llly 

disposed in thc inner mitochondrinl membrane; cytochrome b spans !he membrane, nnd 

hulh C) hx;hrornc l I Jntl the l·c-� protein .i, � on lh, 0111c, ,urlacc I he �\, 11d1 heh, cc11 th� 

1,vo-elcctron comer uh1qu1none and the onc-clctlron c:imc� (cvtochromes b562 b566. 

C'1 and C) 1s accomplished 111 a scncs or reactions called 1hc Q cycle. Although the path or 

elcctron no"' through this segment of the n:spimlory chain 1s comphcatcd, the net cfTccl 

ol the transfer 1s simple: UQH2 1s o,odized to UQ and cytochrome C becomes n:duccd. 

Complex Ill fllncuons :IS a proton pun1p; :is n result of the asymmetric oricnta!Jon of the 

con1plc\, protons produced when UQH2 ,s ox1d11cd 10 UQ ilrc released to the inter 

n1c1nhrnnc �pace producing a trans rncmhn1nc d1ffcrcncc The con1plc, he, 1s 1nh1h1tcd 

h) J11111n}Clll, \\ l11ch blocks electron transkr lro,n C),1.b lo Cyt C 1

•:• Con1ptc, I\': Also k111.l\\ 11 .,s cy1uchron1c o:1.1tlasc. I hrs co111plc11 coni.11115 cy1ocluo,nc� J 

,111J .1 These C)lod1111·n�s cons1•ts of tl\o•l11:111c g1011p� hounll tn 1hrfcrcn1 r�)!IOll\ oflhc 

\a1nc l,iri;c 11ro1e1n th:it nrc thcrcrorc �flCCtrallv nnd runc11nnnllv di'hnr1 r\lnrhro,n(' 

oiutlJM: also contJlll) I\\O i.:oppcr 1uns, Cu,\ and C.ull thul nrc crucial lo the ll,ln)ICr 01 

clccnon, 10 01 {Rcduchon or oxygen). 11111 complex cnlymt; has evolved 10 carry 0111 

I I 
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the four-electron reduction of O w11hout generating incon1rlctcl) rcclurcd intcm1r1li:itcc 

such as hydrogen rerox1dc or hydroxyl free rndicals, very reactive species that \\·ould 

dainagc cellular con1poncnts The no,, of electrons from cytochrome C' to O, through 

complex IV causes a net movement of protons fro,n the matrix to lhc inter membrane 

space: complex IV functions as n proton pump 1hn1 conlnbutes 10 lhc prolon-mollvc 

lorcc l )lochron1c ox1dasc could be 1nhib11cd by cyanide and carbon n1onox1de. 

•!• ( omplcx V: Ar P svnthnse· rh1s 1s the f\ TP-svnthcsi1ing cn1"mc C'omrlcx of 1hc ,nncr 

nu1ochondnal n1cn1brnne, 11 has I\\ o major components (or factors), F 1 and Fo. The 

subscnpl leuer O in Fo denotes 1h01 11 1 s  the portion or the /\ TI' synthasc that confers 

scns111v11y to ohgomyc1n, a potent 1nh1b11or of 1h1s cru:)nlc con1plcx and thu�. ol 

o, 1lla11, e phosphoryln11on The other factor or con1ponen1, F1 1s the ATP-synthes1z1ng 

cnn1pnnen1 It consists of si, s11h11ni1s 1n all ncrobic organisms and ,s made up of sc,·cral 

b1nd1ng sites for ATP and ADP, 1nclud1ng ca1aly11c site for ATP synthesis. It 1 s a 

peripheral membrane protein complex, held 10 the membrane by 11s 1nlcrnction ,vith Fo, 

,111 1ntt\!r,1I n1c111hr:1nt cnmrlc, nf four 1hffcrcnt rnl�,,CJlltdc, thal fnm1c "tranc01cn1hr.1nc 

dt,111111:I thruu!,lh \\ l11d1 prolutb ,.111 ,r.,�) thl.' 111c111hr,111, (Sd1.:1lll.'1 , 1 ,,t, I 1)1}•)1 \,

proton conccn1ra11on increases 1n the 1ntem1cmbrane space. a Strong clectrochcm1cal 

gradient ,s established across the inner membrane \Vhencver protons return to the n1ntn., 

th,ough the Fo con1po11cn1 of the,\ TP s)nlhnsc con1plc:-. lhcir potential energy is uscJ 10 

1o�111l11:s1te ATf> from ,\OP illld P, in a proct..., called CIIEl\.110Sl\.lOSIS (M11chell, 1961; 

Lo.inn, ,., ,tf • 1005)-
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Fig. 2.2: Schemata or the n1ltochondrlol electron 1ranspor1 chuln, sho,ving 

Complexes 1-V, Coenzyme Q anti Cytochron1c C (Nicholl!! and Ferguson, 2002). 
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2.1.2. l I ll·.�11 O�� I 0� ll:l 

Tl11� ,� lhe d1fll1s1nn nf 1011s ,1cr,1ss ,, n1�111hranc �pccific;1II), 11 rcl,1k� lo thi: �.:n�rJllun of 

A IP by the 1noven1cn1 of hydrogen ,ons across the men1branc. These hydrogen ions i.c: 

protons wil l  d10usc from all 3reas of high concentrations 10 an area of lo\\ concentration 

helping 1n the 11,eneration of<\ TP as thev diffuse (Cooper 2000)

The chem,osmotic model ,vas proposed by Peter Mitchell (1961) for the mechMism of 

m11ochondrinl ox1dn11vc phosphorylnllon when 11 \VOS d1scovcrcd that contrary to the 

earlier 1nvestiga!ors' belief, phosphorylntion ,s ahvays nssoc1:1tcd ,vith membrane 

s1r11c111rc TI1c earlier invcst1ga1ors' conclusion ,vns that m1tochondnal ox1da11vc 

pho�phorylat1on 1n,·olvcd lugh-cncrgy chcnueal 1n1crmcd1atc os obtains in the 

�lyccr.1ldchyt.lcs-3-phospha1e dchydrogcnasc reaction 1n glycolysis. In ,vh1ch 

gl) ccraldclydc-3-phosphatc 1s ox 1d11ed and s1mullnnco11sl) con\ crted 10 1 J 

h1pho�phoglyccru1c, ., co1npound wllh J high-energy group at 1hc site of ox1da11on ,\ TP 

1s lom1cd \\hen I J·b1phosphoglyccra1e tran�lers 11s acll\ utcd 1'1 10 AUi' I hus, 11 \�as 

bcl1c:, cd that as the ATP S)11lhes1s is driven by this high energy 1nlcrmediatc, \ .). 

h1phnsphoglyccrate, J\ TP S)Tilhesis 1n the n1itochondn:i 1s also dnvcn b> a pulall\ c 

chcnuca\ 1n1ermcdiatc. However, this conclus1on ,vns proved ,vrong by the 1nabili1y to 

1solu1c such (lhc pulatl\·c:) chcm1cal 1nlcnncdm1c during m11ochondrial oxidative 

phosphorylation This led to the chcn1iosn1011� n1odcl 

The general idea of 1hc hypothc,is (�1itchcll, 1961, 1969) is that Ilic coupling of oxidative 

phosphor)la11on lo clcc1ron transpon 1s not broughl about b) chc1111c.1l 111gh-cn�ri,, 

1ntcm1cd1atcs but II ,vus suggested lhal the: 1r.111�pon of ch:cuons along the carncri, 111 llu: 

respiratory chain gencrntcs o gradient of 11· (protons) across the m1tochondrinl 

n1cn•hr .. ·1c Th1' g111Jicn1 \\US :ilso puslulalcd 10 he nch1c,cd b) the c,1ruc11un ofll" ions 

Iron, 1hc n111ochondnal main, anti 1hc1r CJcc11on 11110 lhc �urround1ng me<liurn such lhnt 

there 11 a separation bct,vccn If' nnd OH ions on lhc oppos11c sides of the inner 
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n1emhrant (Mitchell 1961 Mitchell. 1969) In this simple version 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 asymmetrically in 

the 111e1nhranc (Mitchell and \,[oylc, 1968) Electron Oo,v is :iccompanicd hv proton 

1r,1n�h:r acros� the mitochondnal membrane. producing both n chemical (tipH) and an 

clcctncal (£.\1pn1) gradient. ('I he clcctncal potential 1ns1de 1s negative and for chc1n1cal 

pulcnual. pll 1s ,111-ahnc 111s1dc) (t,,htchcll, 1969) 

I\DP Pi (111 out ATP+ll,O.,. (H•] in. 
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The inner 1ni1ochondrial 111e1nbranc 1s 11npem1eable 10 pro1ons, pro1011s cun rccn1er the 

1na1tix only 1hrou11,h proton-spccilic channels (Fo) The proton-molive force that doves 

1hc I con1poncn1 of 1hc S)'lllhasc (�li1chell and Moyle, 1968) The process \\'hereby 

A TP synthnsc generates ATP by chcnuosrnos1s 1s called ox1dn11ve phosphorylnt1on 

hcc.iusc o,ygcn 1 s  the linal electron acccp1or 1n 1he m11ocho11Jnal clcctron 1r,111sport 

chain Oxidative phosphorylallon 1s the c11lnuna11on of energy 

aerobic organisms. 

v1eld111g n1c1abohsn1 1n , -

All cn1)'1tHlllc steps 111 the o,1dal1\'c degrado11011 of carbohydr.itcs. fob and ,1m1no .ic1ds ,n 

acrohic cells converge at this lin.tl �tagc of cellular rc�pinition, in ,vh1ch clcclmns no"'

from catabolic 1n1em1ed111tes to 02, yielding energy for 1he generation of ATP from ADP 

.111d 1'1 In cukuryo1cs, ox1dall\ c phosphor,la11on occurs ,n m11ochondna and 11 ,nvoh·cs 

1he rcduct1on of 0, 10 1120 \\•1th clcc1rons dona1cd by NADH and I· ADll2, (Rcdox 

cocn1y111cs) and occurs equally wcll 111 bo1h ligh1 and darkness. (Nelson and Cox, 2005), 

2.1.3 ,1rroc-110,0R1 \I \11·1\IOR,\:\E rOTr:-., 1,\L (l\1�111),

Of thc '" o con1poncnls of the pro1on-n1011vc force: 1hc n1cn1bra.nc potcnllnl (Lli1Pm) which 

:tn\es from lhc nel mo, cmcn1 of pos,u, c ch.iri�e o1cmss lhc inner 111e:n1hranc con1nh111c, 

1110�1 ol lhc energy �,or�J ,n 1hc gra\111:111 lyp1cally • I 50m\ llcncc, for prac11cal 

puipO$CS, :-.1:-.tJ> may be used on 11s O\\ll as an 1nd1ca1or of cncri;1L,11ton �IJlc of 

1n1tochontlna (lvlathur et 11/, 2000), 'I he proton pump ,s localt,ed on the 1Mer mcmbrnnc, 

II 1111mps 11ro1ans front t.>.roundnt.1\� to 1he 1n1cmu:mhranc in order to form lhc 

1ransmc1nbrallc po1cnl1QJ, (6q,m) bclwccn ou1cr nnd inner mc:ntbrancs of the 

1111.11hod1ondnon (Znn11J1m1, ,., 11/; 1996a) 

\\'h�n protons rc1un1, lhcy pass energy lo \DP and Pi 10 gcncralc ,\ TI' So, ,\f;'ltn pla}s :t

crucial rule ill l.ccp11111 1h1; (1111.-11011 uf rn1hx:ho11dr1.i und 11111ochondnu\ dcpol un1..i11on,

"luch leads to 6111111 ,1\tcru11on and has been 11npllca1ctl 11s ,Ill carly.00,,.1 ., ' •�, Jllu C\�ll ,1
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crucial event in cell death (Yan, et al, 2007). Changes in tvfMP are integrnl to ccll life­

dcath 1rans111on although the ans,ver ,vhethcr as a primary cause or a secondary event 1s 

yc1 unknown In nonnal cell function, the maintenance of Ml'vl P 1s essential for A TP 

s>1llhes1s M\1P ,s highly negauve, approximately -l80mV, due to the ehcm1osmo1ie 

gr.idicnt of prolons across the inner n111ochondnal men1hr.1nc. 1hc cncrg.\ or" h1ch 1s u�cll 

for t\ TP synthesis by the rcsp1ra1ory cna1n, tv1MP also provides the dn, 111g Loree lor La 

uptake 11110 the m1tochondnon by the Ca2
" uniporter and 11 is no,v generally ocecptcd Lhal 

11 1s the ea· s1gnul 1n 1hc 1n1tochondnon that sllmulotes ATP production 1n resronse 10 an 

increased energy demand by the cell (1 lansfonl and Zoro\', 1998). The consistent 

observ a11on of u reduced or disrupted (L\qim) 1n prcapor10s1s ind1ca1es 1nainte11nncc of the 

(L\qim) 1s necessary for cell sur\'1val (Dcck,verth und Johnson, 1993: Vayss1cre cl al,,

1995. Znn11.u111 l!I u/ 1995a, 1996b). 

Further studies of apop1osis indicate 1ha1 there 1s n1ilochondnnl dcpolariza1ion and ( _\qim) 

d,�rupuon 111 1111un:d cells induced b) ,1pop1os1� rc11ub1on. n1orco, er. 1hcsc chnng.cs tJkc

place before uhcruuon due 10 :ipop1os1s 1n cells \II of 1hcse 1ndica1c 1ha1 (�(lltn) 

aher:111011 1s the early stage of apoptos1s. {Pelll et al, I 995, Zamznmi el nl., I 995b). 

lsol.111011 and subsequent eullurc of a populauon of cells ,vi1h a sub nom1al (IO\\') L\ipm 

1nd1ea1cd thal they proceeded 10 an 11pop1011c morphology rapidly when con1parcd 10 cells 

"ith a nonnal (high) 6qim (Zam1..am1 cl al; 1955:i) Disruption of lhe 61pn1 hll5 also been 

�ho\\ n 10 be ,n, oh cd 1n apoptos11 n1cd1a1cd by a ,•ancly of uroplogcns, 111cl11d1ng 

ctop<1s1dc, ccr.1m1de e.l t (7.,11n111n11 <'I ul, I 996b, De Cnudin cl al., I 997). II has also 

been sho,vn thal 1he reducllon or collopsc of the �(!Im 1s ,n,olvcd 111 1hc 1nduc11on Wld 15

1hc con�c:qucntc of the n1cn1branc pcnncnb1h1y trans11on l�IPl) (i'.orau, and S.t..ibo. 

1'>94, Kroemer cl nl 1995) Based mn1nly on /111•/tra obscrva110111, one cumn1ly popular 

model COOSl\lenl \\ Ith CXCIIOIOXIC apop(OSIS rroposcs lhnl milhcondrtal caJ · 0\'C:rlo�d 

1nucr, ,1n 1nJUf)' response, possibly through ,, n1ltochon1lnal rcnnc:ibiht) lrnn�ition 

111 
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(MPT). that leads to the loss of 6q,m penneabilization of the inner mitochondrial 

membrane, s,vc\ling of the malnx and outer membrane rupture, follo,ved by release of 

.1pupto11cn1c proteins (Krocntcr and Reed, 2000 ; Bcrnand1 et al., 2001, Friberg and 

\\'1e\och, 2002, Maltson and Kroemer, 2003). 

·1 hcreforc, the observation of n1itochondria ,vith reduced or diminished L\q,m appears to

be assoernted w 1lh dysfuneuonal nutochondna 111 preapop1011e cells (lsenberg and

Klaun,g. 2000)

2.1.-1. :i11 roc110NDRl,\L Pf.Ri\lFABII ITY TR \NSITION (;\IPT)

lvhtochondnal penncability lrwts111on (MPT), is an increase 1n lhe penncab1h1y of the 

n111ochondrial inner 1nc1nbmnc to n1olccules/solu1cs of less than I ,500Daltons. (< 1,500 

Dallons) including protons and it 1s favorcd by Ca2
• uptake. \Vhcn rcspinng m1tochondria

take up Ca' in the presence of 1norgan1c phosphate (Pi) and external adenine nuelcot1dcs, 

the accurnulated C:i2 1s rct:11ncd 1ndc!ini1ely causing n dan1:111c which has been 1dcnll!icd

.,� the Cul· -dependent pore opening 1n the inner m11ochondnnl rncmhranc (i.e t-.lPTP)

TI1c 1',IPTP 1s a non-spcci!ic protein pore that 1s formed in the mcn1brancs of 

mitochondna under cena,n pa1holog1col cond111on such as stroke. lnduc11on of �IPTP can 

lead 10 1111tochondnal swelling and cell death and 11 play!> .1 ntaJor role 111 sornc typ� ol 

apop1os1s (Gunter .ind Pfre,ITer, 1990). 

rhc inner m11ochondrial mcmbmnc ,s highly 1mpcrmcablc 10 lln)' solutes and ,ons in 

order 1n enable efficient energy con\'crsion I lo,vcvcr, in the presence of certain tnggcrs 

such ns ('a2
•. the inner mitochondriol membrane is kno\\n lo become highly pcrme:ible to

such molecule�. 1h15 lrJns111on Ill pcnncabilil} IS \\hut 1s kno\\n lhcsc day� as �IPT and 

11 1s believed to rc:Occl the opening of the protc,nonc�us pom (Zorn11i, and �,aho, 

19()5, and flcmard1, l'l'19) The mcchan,sm of o\1datlvc pho�phorylation requires lhnt the 

n111ochondn11l inner mernbn:inc be 11npcm1cublc 10 ,111 but u kl\ sckc 11:11 nic1,ihllhl�s JIit!

,ons ir 1h,s pern1cabihty barrier ,s lost, mitochondna become 11ncouplcd nnd hydrol}7C

l'l 
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A I P ra1her than syn1hes1zc 11. lei\ unrcs1ra1ned, this ,vould inevitably lead to cell death 1t 

1s no,v rceogn1zcd 1h01 1f 1hc la1en1 non-specific pro1c1n pore \�IP IP) 1n 1he 

m11ochondrinl inner membrane gets acuvated. 11 causes Just the increase in membrane 

pcnneability needed 10 uncouple the mitochondria. l\itPTP opens ,vhen mitochondna are 

exposed to l11gh Ca2
• conccnltauons, cspcc1nlly, ,vhcn 1h1s 1s associated w11h adenine 

nuclco11dc dcplc11on and oxidali\'e stress (Zora111 and S,abo. 1995, llolcstrap et al.

I C)l)Jb, Crompton. 1999) Nol only docs the opening of the MPTP prevent A TP synthesis, 

11 also causes the loss of ions nnd n1etabolites from the m11ochondnal motnx and induces 

cx1cns1ve S\\ elhng of the milochondno ns a result of the colloidul osn1011c pressure 

cxcncd by the matrix proteins (Lcmaslcr e/ "'· 1998,). 

Tiu.: :'-.1PT \\.IS lir)I dc�cnbcd :,u\"cral ycar:. .,i:u •• ,hhuugh. urig11i.1ll�. 11 ""� 1l11.JU)lhl 1u 

occur as the result of phosphohpase A, dcgrndouon of 1hc inner 1nc1nhranc llowc,cr n 

n1a1or breakthrough ca1nc 111 l 988. ,vhcn Cronipton ond collcngues demonstrated 1h01 the 

process could be 1nh1b1ted spcc1fically by sub-m1cromolor concen1ro11ons of the 

1mmunosupprcss1,e drug cyolosponn A (CSA) (Cron1pton et al, 1988). Both CSA and 

Bongkrek1c nc1d (BKA) are now known as cITcchve 1nh1b1lors of U1e MPT, and these 

ha11e been used 10 Judge 1nduc11on of the MPT (Ocmnrd1, 1996. Halestrop, vl lli , 19970). 

l\u,,c,.:r rcccn1 \tud,c� 1111hcotcd 1ha1 on t,,\PT 1nscnSlll\•c 10 these 1nh1b11ors could also 

be induced (Gudz c1 al; 1997, Malkcv11ch, cl ul, 1997 and Suh.in and Sokolovt. 200 I). 

:'.IP I 1s frequently studied 1n hvcr cell� winch ha,� C)pcc1ull) luri::c 11u1nbcr5 ul 

m11ochondna (F1skum, 2000), II causes 1.he release of apop1os1s-1nduc1blc m11ochondnal 

pro1e1n� �uch as cytochrome C 1010 the cytosol, ond these proteins !rigger the subsequent 

n::u:uons that cxccutl\c .ipop1os1s The �IPT ,n,olves lhc fonnnlion of a non-�pecific 

pore across 1he inner ,n,tochondnal n1cmbrnnc pcrm111ing the free dislribulton of ions, 

\Olu1cs and �m.ill rnolccul11r-wc1glll molecults (<I.SOO Oahon) ncross the mcn,hranc 

t Bernard, ,., 11/ I \194) The colluplc of the nntochonJrial n1c111hr.111c potcn1tal (�'Jllll 1 .ind
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uncoupling of the electron transport chain from ATP production have been sho\vn to 

promote :VIPT (Krocn1cr rt al. 1995). The phys1ological roles of mitochondn:i �1PT :ire 

still nhscurc: ho\,C\Cr. some s1u,hcs revealed thal tvlPT 1s a key cvcnl dunng the process 

of progran1111cd cell dcalh. also kno\vn as apoptos1s. (Skulnehcv. 1996: Kroemer and 

Reed, 2000, Bernardi et nl. 2001) and 11 1s behcved to be accon1pan1cd bv· 

, Collapse or n1cn1brnnc potential and Uncoupling or the electron transport chain 

fru111 \TP production. 

lnducllon of tv\PT, \Yhich increases mitochondrial membrane pem1cab1hty, causes 

nntochondna 10 bccon1c further dcpolan1.cd, n1can1ng that i.\(jlm 1s abohshed \Vhcn i.\q,n1 

1s lost, pro1ons and son1e molecules are able to Oo,v across the inner 1n1tochondrial 

1ncn1brnnc un1l11bitcd (Sclnndcr et ul; 1996 and \Vhite et al; 1996). Loss of i.\q>m 

interferes \\ 1th the produc11on of .\ TP, 1hc cell's n1a1n source of cncrg)'. because 

mllhocondna must have an elcc1rochcm1cal gradient to provide the driving force for ,\ TP 

producllon (S1avro,l.aya and K.rislal, 2005)

, J.o,� of s111nll 1nntrh, solutes, including Cn1 
•

l'-.1PT .illows Ca2 to lc.i,·c the m1tochondrion. which con place further slrcss on nearby 

mitochondria. and which can ac1ivote harmful cnlcium-dcpcndenl proteases such as 

calpa,n lK.nSIIUII and SICSJO, 1998) 

,, o,1dn1lon of pyridine nuclcotldes. 

Rcatll\C oxygen species (ROS) arc also produced ns a result of l\1PT. l'-1PT can :illow 

Jnllo\ld.1n1 molecules such as glu1a1h1one 10 ex11 m11ochondnu, reducing the organelles· 

ability 10 ncu1ralilc Reactive Oll)·gcn Species In atltl111on. the electron 11.inspon d,a111 

(ETC) n1ay produce n1orc free rad,cul:. due lo loss or components of the electron lran�pon

chain. such 111 Cytochrome c, which in tum le:ids to escape of clcclrons lrom the choui 

through 1hc :,.1i1ochondnJI PcnncJbthty Trons111on Pore (lculJcns rt 11/, 2000) 
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• •·-,tcn\ivc S"·clllng.

lsola1cll m11ochondria undergoing l'v!PT show collo1dosmo1ic, so called large arnplnude

S\\ clhng, ,vhich results 1n the decrease of pho1on1e1ric absorption at 540nm (Honvorth

and Hunlcr, 1979) MPT causes m11hocondna to become pcnneable 10 molecules smaller

than 1500 Dalton, "h1ch, once inside, draw \Valer in by increasing the. organelle's 

osmolar load (Buk1 c1 al; 2000). This event 1nay lead mitochondno to S\VCII and may 

c,1usc the outer 1nc1nbrone to rupture. releasing cytochrome C (Buk1 cl al; 2000) Release 

of Cytochrome c can in tum cause lhc cell to go through npop10s1s ("comm11 su1c1de") by 

ac11vating pro-apop1011c factors. Other researchers contend that ii 1s not mitochondrial 

n1embrane rupture thal leads to cytochrome C release, but rnlher nnother mechanism, 

such as trnnslocat1on of the molecule through channels in the outer mcn1branc, which 

docs nol involve the �IPTP (Priault. cl ,,1. 1999) 

\luch research has found that the fate of the cell aficr an 1nsull depends on the extent of 

"v\PT If t.lPT occurs to only a slight exlcn1, the cell may recover, whereas, if 11 occurs 

more II n1ay undergo apop1os1s If II occur; 10 an e\'CO larger deuree. 1hc ccll 1s likel} 10 

und1:rgo necrotic cell dc.ith. {I laworth and Hunter, 2001, Honda cl "I, 2006) 

\luch research has found thnt 1he lute of 1he cell after an 1nsull depends on 1he e,1cn1 of 

\\PT If l',IPT occur,c to only ;i ,h1-1h1 c,tcnt. the cell may recover whcrc,1,; If 11 occur� 

more, 11 may undergo apop1osis. If II occurs 10 nnd even tnrgcr degree, the cell is likely to

undergo necrollt call death (Honda, e/ al, 2006). 

2.1.S. I Ill ,11 I OC.IIONl)IUAL Pi'"IU\IL,\LULI 1, 1 ll,\NSI 110� l'OR.ll (�11'
1

'1'). 

I ht f\1P IP 1s a non sclccll\'C, high conductance channel with n1ull1plc 1nacromolccular 

co111poncnb l,\111110 ,., al., 2002, lla\\onh and lluntcr, l!J/9) It tomb. u1 bll� ,,hcic lhc 

inner 11J1d outer membranes of lhc ntilochondnon n1cc1 (Crornpton, l 999). 1 hough the 

,,3cl s1rue1urc of the J\IP I r •• i11II u11�11ll11,1, ,,,�1.11111u1�11h p1,1h 11• ,,1111 . 1 J ' ,\Ji;,i 1,1 ,,, 
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tonn 1hc pore. 1nclud1ng adenine nucleoude lranslocuSc (ANT) (Halesunp nnd Brenner, 

2003), 1hc m1toehondrial inner membrane transporter (Tim), the protein transporter al the 

outer membrane (Ton1), the outer membrane ,•oltagc-depcndcd anion channel (\ D:\C)

,1nd cyclopl11hn D (f1�l,;u111, 2001) 

Cyclosponn A blocks the formation o f  the !vlPT pore by 1n1eroc1ing ,vilh Cyclophihn D 

from 1hc m11ochondnal mntnx and preventing 11s joining the pore (Sullivan rt al, 2000) 

\tPTP opcn-clo�c 1rans111ons arc n1odula1cd by the lransn1cmbrane cleelrical po1cn1ial, by 

n1a1nx pH. by rcdox polcntial, by adenine nucleo11dcs and by Mg?· (Bernardi. 1996)

Opening of lhc tvlPTP. 1s induced ,vhcn the mnochondnn arc exposed 10 high colc1um 

conccn1ra11ons, cspee1ully when lhis is assoc1a1cd ,v1th adenine nuclcollde depletion and 

ox1da1ivc stress (Halcslr.ip, c:1 e1/; 1997b, Cron1p1on. 1999) Opening of !he \I PTP .1110,, s 

free cnlry 1010 the mitochondna of nny smnll 1nolecule ("-I 500 Dai tons) including 

i,ro1011, (I 1�1c,1rar ,., 11/ "000) \n 1n1ponnn1 ron�cqucncl' of opening. or 1h \IPTP 1s 

uncouphng of oxidative phosphoryla11on (Olorunsogo and Bababunm1, 1980). 

Loss of 6ipn1 1n1erferes wllh the produc11on of ATP, lhe cells mllin source of energy, 

because mitochondria must have an cleclrochcn11enl gradicnl to provide lhc drh 1ng force 

for ATP production. In cell damage resulting from condi11ons i;uch IIS ncurodegcncraltvc 

1h�c.1�c� .1n1I hcu1I 1nJII"' opening or n111ochondn�I prnneah1h1y 1ran,111on pore cJn 

greatly reduce ATP produc11on, nnd can cnusc ATP Synthase (through its reversal) to 

begin hydroly11ng, ra1her 1han producing ATP (S1a,ro,sl-::1yu, ,111/. 2005) Thu� should 

the pore remain open, dcplchon of 1n1racclluh1r ATP "111 occur and 1nc, llably le.ad 10 

nccros11 Opening of the t.lPTP generates o colloid.ii osmotic pressure across the inner 

m1tochondri11I membrane This drive<; ,va1er into lhc m:11rix nnd causes swelling 

1 he inner membr.me being cxtcnsl\cly folded 1n10 cnstoc can c,pand lo con1pcnsJte but 

1hc oulcr ,ncmbronc cannot und this n1p1ures, releasing 1ntenncmbrnne proteins It is the 

release or these proteins such ns Cytochron1c c that en�hlcs the mllochnndna plQv O mlr 
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1 n apoptosis i.c lhc release of Cytochrome c causes cells to go through apoptosis by 

.1c11 v a1 1ng pro-apoptollc factors (llalcstmp e1 al .• 1998a; Lemasters, el al 1998, Buk1 et

,,/. 2000). �\PTP also allows Ca2
• to lca,c the mitochondrion. "h1ch can place fur1her 

sires� on nearby nutochondna, and \l,•l1 1ch can acuvatc ham1ful calcium dependent 

proteases such as calpain Renct1ve oxygen species (ROS) arc also produced .t!I a re�ult of 

opening or the �\PT pore. MP-1 can allow o1n1 1-o:1.1dan1 n1oh:culcs such .is glutJtl11one 10 

C'<1t muochondna, reducing the organelle's ab1hty to neutralize ROS. 

In add111on the electron transport chain (ETC), may produce n1ore free radicals due to 

loss of components or 1l11:. FTC, such as Cy1ochron1c c through the MPTP (LuelJens cl

111 •• 2000). Loss of the con1ponents of ETC can lead to escape of electrons from the ch11in, 

,, l11ch c.111 then reduce n1olcculcs and fonn free radicals. 

2.1.5. I. POSSIOI E [\01 l'TIO'\,\R, l'URP051 OF1'111· \IPTI' 

The cx,stcncc of n pore that causes death led to spcculolton about its possible 

evolu11onary benefit Sonic have: �pceuloted that tht �tPT pore ma) 1111n1nu1c lllJUr) b} 

causing badly 1nJured cells to du: quickly and by prevcnung cells from ox1d1l1ng 

substances that could be used elsewhere (Haworth and Hunter et al., 200 I). There 1s 

contro versy about the question of ,vhethcr the t-.lPTP ,s able to exist tn a ha.nnless, "Lo,v 

-conduct.incc �talc. Tlus lov.-conduetance state would not induce �IPT (khas ond

:O.l.1101, 1998) ond v. ould alto\\ ccrto1n molecules nnd ions to cross the muochondrinl 

membrane�. The to ,\ conductnnce state ma)' :1110,, small n1olccules like Ca2
• to leave 

mitochondria quickly ,n order 10 :nd the cychnp or C,i' ,n healthy cells (lluntcr and 

Ila worth, 1979b, Allschuld cl al., I 992). If this 11 Lhe ense, MPT moy be a hormful side 

r1Tc:c1 of abnormal ac1t\·11v of J 1 1�11.,ll) h, ,1cr�·,1l \IPTP

2. t.S.2. 'l'IIF 1\101 fCULAR IDEi'ffl I\ 01• I llt !'ORI-

n,c !'.1PTP \\115 first de,cnbed several decades ago, but was 1nit1nlly thougln to represent

rhospholip:isc A1-rned1111cJ dan1ogc to the inner 1nc1nbranc. 1 lo,�c, er, p1oncenng studies 
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by fla,vorth und Hun1cr 1n lhe late scvcn11es ( 1979) suggesicd othcn, 1sc, since lhc pore 

has a specific molecular ,ve1gh1 cu1-ofT and could be rapidly closed by chelallng calcium. 

Their da1a ,vere confirmed in the late cighlies by Martin Crompton and Colleagues 

(Crompton. cl al.. 1988) ,vho ,vent on 10 make a key discovery, opening of the MPTP 

could be 1nh1b11cd spec1fic,1lly by sub-m1cromolur conccn1ra11ons of the 

1n,n,unosupprcss1, c drug cyclosponn A (CSA) (Compton I 999) 

h :. bc.:11 Jc111011s1ratcd b) ll,1lc�1rap and Da\1dso11 t 1990) and C.011ncn1 and Halcstrap 

( 1992) Iha! the efTect of CSA ,vns exerted through inhibition of a peplidyl prolyl cis-trans 

1somerase (PP lase}, unique to the mitochondna, olhen, 1sc kno,, n .is Cycloph1hn D. 

(C'Y P D) because of its cyelosponn f\ (CSA)-b1nd1ng propen1es (C,'P-0 1s pe11dyl­

prolyl-e1s- tans- 1somerse PPlnsc wluch ca1nlyscs the 1n1crconvers1on bct,vecn c1s and 

1r.1ns confonna11on of peptide bonds adjacenl to prohne residue, as such, 11 1s ideally 

�u,11,J for c.ius,ni,; the confonn.illonal ch.ingc 111 a n,c111branc protein thut \\OU!J be 

required to induce fom1a11on of a pore This n,cmbrone protein has been identified to be 

.1dcn1nc nucleotide lr.insloc:asc (ANT), \\ ho�c nonnal fu11c11on 11 lo tran�pon \DP .111d 

,\ TP across the inner m1tochondrial ntcmbrone. It has been confinned by data generated 

by Halestrop t10d other sc,enllsts that the eonfonno11on3I state of the ANT �rcotly 

1nfiuenccd the scns111v11y of the MPTP 10 [Ca27. Tlus lctl to the proposal by llalcstrop 

and Oa\'1d�on (1990) 1h01 1n the presence of colc1unl. o C)cloph11in D-med101ed 

confonnational ch1111ge of the ANT \VilS responsible for the fonna11011 of MPTP 

l H3lcslrap and Da v1dson, 1990).

Suhsc4ucn1 da1,11t1, l: shown that ox1da11vc stress greatly enhance� the c:ilc1um-scns111v1ty 

of the pore by two mcchon1srns O l,1l�trop et al. 1997b). Ftrst, by 1ncrcos1nll CYP·D's 

b111J1ng 10 the A:--1 1 I lu� I� tl\l1-111.1:J , h�n tht 'h1u! i;11.1111h un \\ l , 11 uJ lt,.J h, 

oxui:ill\ c 51ress and second, by greatly reducing lht aniruty of the 1ntro-nutochondn.1I 

adenine nuclco11de-b1nd1ng site on the ANT,, bin1hng of Adenine nuc:lcnudcs 111 this slle 
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' 

,vas �ho, ,n lo 1nh1h11 the MP IP c.-on1pct111vely ,,uh rc�pccl 10 ((�a·] The c,1dcncc 111 

suppon of tlus hypothesis has been n1ounting steadily (Halestrap 1999; Crompton, 1999) 

and llalcstrap et al ha, c been able 10 dcmons1r:11c d1rcc1l) that r,·r D h1nds , .:r) 11ghll) 

.,nd spcc1ftcally lo the Al\'T (l lalcslrap. cl ul. 1998b) B1nd1ng \\as prc, cnted but not 

reversed (Woodsfield et "'·· 1998) Crompton and Colleagues have rcponed similar data 

but ,vnh 1,vo 1mponant d1 ffcrcnces probably, because of the d1s1inc1 detergent used 

(Crompton et c1/., 1998), Fn-st, the binding they observed ,vas not prevented by CSA 

11cat111cn1 und second. the)' observed lhnt both ponn Voltage-Dependent 1\n1on Channel 

(\'DAC] .ind ANT bound 11gh1ly to CYP-0. ,vhereas, according to Halcslrnp et al. no 

other pro1e1n a pan fron, AN.I wus bound. Ponn is kno,, n lo b.c JS)OC1ulcd ,, 1th the ,\\'T 

at cont:1ct sites be1,vecn lhe mitochondrinl outer and inner membranes and 11s 

1nvolvc1nent in the 1\-1 PTP 1s o moll er of controversy (I fnlcstrap ,,, "' I C)()8h) 

Final proof that the MPl P 1 s  con1poscd of just the ANT and C'l p. D would require 

rccons11tu11on of the pure proteins 1n10 protcohposon1cs 10 form a CSA-Sens111vc 

colcium-ac11vn1ed pore. Earlier data had sho,vn that the ANT alone could produce such a 

pore either \\hen cnticol 1hiol groups were mod11ied or ,,•hen exposed 10 high (Ca2j 

( 1111�1) (Brustovestky and Klingenberg, 1996) Cron1p1on ,1nd colleagues ,, ere able to 

rccons111utc their Al\T PoniiC \ 0-0 complex into proteohposomcs to produce a CS1\-

1nh1bttnhle pore thnt opened ot 10011M fC-02·1 (C"mmptnn rt nl I QQR) :in<1 llnlc�tmp rt 11/

have also suc:ccc:dcd in doing the same ,vilh pure ANT o.nd CYP-D (1n the absence of 

ponn) (Halcstrap r1 a/; 2000) l'hus, 11 now seems thnl the controver;y over the 1dcntit) 

of the �tPTP may be resolved, the components arc the Ai�T and C'l'P-D ns originnlly 

proposed (Hah:slr.1p :Ind Davidson 1990) I lowcvcr, this docs not exclude a role for other 

proteins such as ponn ,n the rcguln11on of the MPTP (Halestr:ip, rt al . 2000). I· 1gurc 4 

�ho,vs the proposed scheme ror the mcch:in1sm of pore opening by Holcstrnp nnd 

T>,n1dson (1990) A�1P,P. A�ll'-Pfl, fl and PP rerrc,cnt ADI' ATP. p1 and pp1 

,� rcc:11,cl) In Jll c,1scs, the c11rncr 1' 11uun1cd lo b� 111 the 'c' ,unfunualton 

1cun1lonnu11011 111 "'Inch the ADP/A IP btnd1ng ,11c 1n AN I Is on the cytosohc aide). 
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, \\as sho\\n to 1nh1h11 the \IPTP compet111,·el� with rcspccl to (C'.t') The c , 1dcncc 111

suppon of this hypothesis has been mounting steadily (Halestrap 1999; Crompton, 1999) 

and Halcs1rap et  ,11 ha\'c been able to den1onslrat<: d1rcctl) that C'Y P-0 hind� , er> 11ghtl) 

,1nd spcc11ically to the ·\NT (I lalestrap, et al, 1998b} Oind1ng \\as prc\'cntcd bul nol 

reversed (\Voodslicld et al., 1998). Cro1npton and Colleagues hove reported similar data 

but ,vith t,vo important d11Terences probably, because of the distinct detergent used 

(Crompton et al., 1998). First, the binding they observed \\'as not prevented by CSA 

lrcat111c111 ,1nd second, they observed 1h01 both porin Vohage-Depcndenl Anion Channel 

(VOAC') and ANT bound llghtly lo CYP-D. ,vhereas, according to I lalcstrap et al., no 

other protein apurt fro1n ANT "as bountl Porin 1s I.no" n to be ussoctah;J \\ 11h 1h� A:-:T 

,II contact sites bct,veen the n111oehondnal outer and inner n1cn1branes and its 

1nvoh•emen1 1n the �1PTP is n mailer or controversy (I lalcstr.ip 1•1 al I 99Rhl 

P1nul proof 1h01 the lv!PTP 1s eo111posed or jus1 the ANT ond C''t P-D would require 

rccons11tu11on of the pure proteins into protcohposomcs 10 form a CSA-Sens111ve 

calc1un1-uc11va1ed pore. Earlier data had sho,vn that the ANT alone could produce such n 

pore either when cnt1cal tluol groups ,vere 111od11icd or ,vhen exposed to high [Ca2 ]

l I ml\.l) (Brusto, cMI.> ,1nd Klingenberg 1996) Cron1pton and collc,1gucs ,vcrc able to

n.'l:on�utute their AN I Ponn/C YD-D con1plex into protcohposomes to produce a CSA-

1nh1b11ablc pore that opened :it I 0011M (C':i' l (('mmp1on et al 1 'l'lR) and Hnle-;tr.1p rr ·1/

have also succeeded in doing the same ,vilh pure ANT o.nd CYP-0 (in the absence of 

ponn). (Halestrap er al; 2000) lnus, II now seems th;Jl !he controversy over the 1de11111y 

or the lvlPTP may be resolved: the components are the ANT and CYP-D as ong1nally 

rroposc:d (H:ilc:strap and Davidson 1990). llowcvcr, tlus docs not exclude a role for other 

pro1c1ns such as ponn 1n 1he rcguh111on or the MP'I P (llalcstrnp, er al., 2000). figure .i

sho"'s the proposed scheme ror the mechQnism or pore opening by llolcstrnp and 

Da,1dson ! l')!JO) AMP,I', Al\-11' PP P Jnd PP �prc;;cn1 ADP. ATP p1 and pp1 

r� p,'Ctl\CI) In .ill c,1Sc\, the c,1rricr i · un1cd to bo.: 111 the ·c· confonn.tlton 

tco1111onna11u111n ""luch the ADl'/A 11' b1nd1ng sue 111 AN I 1s on the C)1o�ohc Side} 
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Pig. 2.4: Propos«t sch,me ror lbc mccbooism of pore opcnlni: by Hnlcslrnp and 

Davidson ( 1990). 
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The ahovc model 1s probably the 1nost widely held and in outline. it is proposed that 

calc111m tnggers a conformational change. The process is greatly facilitated by the 

b1nd1ng of CYP D "hich 1s enhanced ,vhen thiol groups on the ANT are modified b1

ox1da11ve stress. This also has on add111onal effect of 1nhib1ting A TP-b1nd1ng to U1e ANT

"h1ch con1pc11ttvely 1nh1bils the c11leiun1 trigger site B1nd1ng of adenine nucleotides lo 

the n1atnx sit.le of the ANT is enhanced by 1hc mitochondrial men1branc po1en11al and this 

pro,1dcs .in cxplanatton for ,vhy the pore opens more readily in deenergizcd 

mitochondria 0-1 alcs1rap, 1999). 

Phy$1olog1cally, the diamc1cr of tvlPTP ,s 0.2-0Jµm ltu-gc enough 10 allo,v 

m1cromolecule solulcs 10 pass (Crompton, 2000). B)• 1he cITect of Co2
• AOP, ATP, and 

so on, �1PTP s,vuches olterno1tvely. This condition may play a role in n1aterinl exehongc 

bct\\·cen mitochondria and cytoplns1n But pathologically, the opening diameter is 

nh\'1011s1) large ( 1,8-2 6µm), so. that the solute s1naller than I 5k0a can p:iss 1hrough the 

\IPTP to the c,1orlasm, c:111\inl:l 1ni1ochnndrial �\\'clling nn,1 1r:1noi;mcmhr:1nc ro1cn1ial 

th�.,rpcarnnce (Chell! c-1 a/ 2001)

2.1.5.2.1. ADENINE NUCLEOTIDP' TR,\ �SI,OCi\SP' /TRANSLOCATOR (ANT). 

A?\'T 1s .in integral protean (fig 2.S) of the inner 1nitochondn;1I tncmbr.inc ,,111ch binds 

i\DP
l on the outside (Cytosohc surfnce) of the inner n1c1nbranc and transpons 11 

1n\\ ardly 1n c,changc for an A 1 p'· molecule s1n1uhoneously trnnsponcd out,vnrd 

(Halcstrap, 1999). Because this antiponcr moves four negative charges out for every 

three n1ovcd 1n, 11$ .ict1,ily is favoured by lhc Lmns-n1c111branc clcctrochem1c11l gradients 

\\hlch gl\cs the 111a111, J net ncgatt,c ch,irgc. nu:: proton n1011vc lorcc c.ln\'�"S ,\ 11'-ADP 

l!\Chant!c (Slalcr, IIJII?). 
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Fig. 2.5: Location of ANT on the mitochondrial men1bn1ne {Sloter, 1987). 
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A?\T operates as a gated pore and it has long been recognized that PT pore opening is 

highly suscepllble to ligands of lhc ANT tLe Quoc, and Le Quoc, 1988). 01 a rJJ1ge ol 

nucleotides, only ANT substrates (ADP, dADP,ATP) ,verc found to interact ,v1lh the PT 

pore "hen occupied by transportable substrntes(Halcstrap, 1998b ). �\1'.'T alternates 

bet\\ ccn the two conformations 1n ,vluch the ADPIATP-bind1ng site 1s cilhcr on I.he

1notnll side of the inner n1embrane (m-s1atc) or on lhc cytoplasmic side (c-state). ANT 

hgt,nds that bind 10 m-s1a1c (i c bongkrckate) inhibit the PT pore. ,vhcrcns. c-s1a1c ligands 

(p)ndoxal phosphate) ,,c11va1c the pore. This suggests 1h01 the c-s1atc confom1a11on 1s 

rcl1111rcd tor PT pore opening ( Crompton, 1999) 

\\'hethcr AN I itself provides lhe pore s1ruc1urc 1n the inner membrane has been 

investigntcd in reconstituted systems. \Vhcn punficd ANT is incorporate into liposomes, 

11 changes from selecuve nntiponcr to a non-sclechvc pore under lugh (C:?'} 

(Brus1ovctsky, and Khngenbcrg. 1996). As ,v1th the PT pore, Ca2" ncts reversibly, 

ahhough the tune required for loss of pore acuvity of punfied ANT on Cn' removal 

(20m,ns) greatly exceeds the lime needed for the PT pore closure on Ca2
• chela11on

l 50st<"'>) (Crompton, and Cos1i, 1990). 01hcr features of Ca2
• -treated ANT resemble

those nf the PT pore In planar hp1d mc:mhnncs the cond11c1n11ct of !he \"IT-dcnved 

pore was 1nlub11ed al lo,v pH. wuh hnlf-mQ.l\imnl net1v1ty nl pH 6.2 ,vh,ch is similar 10 

1ha1 of the PT pore (Al Nnsscr. nnd Crompton. 1986), 

The Cu1TCn1-Vohagc rcln11onsh1p showed n pronounced rever5al of conductance at 

1 �Orn\' 10 I ROmv or both sign!, (.,.or-) rcm1nisccn1 of the dependency of the PT pore on 

inner rncmbrnnc poten11al (Brustovctsky nnd Klingenberg. 1996) Token ns a \\'hole
' 

these da10 suggest lhn1 the e-st:nc conrorm,u,on of A?-.'T may he defom,cd into " non­

selcc1ive pore by high (C1l7, in hnc ,v11h ong1n�I proposals. (Le Quoc, and Le Quoc, 

1'>11111 Hut Dll) dcformnuon \\ 111 need 10 occur 111 ,1 h1�hly rcvcl'liihlc manner n I\ \hn,\'n 

front pulstll•Oow ,analyses or l·G I l\,1nducc,I pore clos1irc I( rnn1rtnn ,1nil co,11 l'l'l(u
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,\ '-:T 1s only able 10 change conforma11ons bc1,vccn the m-and the C·Sl:lles in the presence 

of lr.111s11011.ihlc sub�1ratcs. This ensure� slrict anllpon. In essc:nce, the comphmenuuily 

bcl\\Cen 1hc 1rnnsportcd solu1c and the 11ncrmcd1a1c {bCl\\cen 111-and c-) sta1cs ol 1he 

carrier provides the binding energy for lhe conformational change lo occur 

Thus, ADP calalys1s of PT pore nickcr mcnns tha1 ANT must be in 1ls nnlivc slate 

bct,vccn n,ckers. If ANT ,vere 1n a deformed stnle (but closed) bet,vcen n,ckers, then, the 

binding energy bet,veen ATP and ANT ,vould not be available for the conformational 

change 10 the c-s1ntc to take place, and an open PT pore ,vould not be produced Pore 

n1ckcr pre.sun1nbly allo,vs loss of n1ntnx Co2
' and rapid reversion of ANT lo its native

qa11: I \llschuld .,, 111 1992 lchits and l\la1;11 1998). 

l.1.5.2.l. C\'CLOPll'\'LIN D (C\'P-D) 

h 1s clear that ANT, by itself, docs not provide the PT pore Thus. treatment of solute­

loaded submitochandrial pnrt,cules with high [C,l'l "ith or ,vithout C',i' ionophorc 10

allow Ca2 access 10 both faces of inner n1cn1branc docs not lead to �elute release 

(Compton, et 11/, 1992; �le Guincss, ct al., 1990) As ,vith ANT, the pnrticrpntion of n 

further component was lirs1 sugges1cd from the cffttt of the respective ligands. PT pore 

opcn,nis 1s blocked hy CSJ\ n1 a conccn1ra11on (upprox1mntcly 50 pmollmg or 

n11\ochondriol protein) much less \h;1n 1h31 of Am" (Crompton, et al., 1988) 

Cvcloph1hn-D 1c, P D) , 11l\·oll:cn1cn1 \\;1s susgcstcd rrom the sim,lnr un1oun1 of h1111nd 

C'<iA needed to block the pore and to 1nl11hit the cn1\m1c :ic11v1ty of m11nchondnol r, p 

D (�le Guinness. ,., 11/, 1990; 1-lalcs1rnp, und Da\•1dson, 1990) nnll from the similar 

rclal1\e sens1tl\ 111cs of the PT !'()rt and n111ochonllnul CY P-0 to (SA ,lnuloguc� 

1Gnfli1hs and Hal�ll'Op, 1991; N1colh, c1 al., 199CJ) In u further approach, o photoactive 

r11d1olabcllcd CSA dcn,auvc ,,as used to tng the CSA receptor" (J\ntlrccvn, ct al., 199S; 

ranvccr, 1:1 al., 1996). 
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I \VO pore ltgnnds, C'a1 and Al)P, \\•ere used 1n coniunc11on \\Ith the dcn\illl\C to pinpoint the relevant co1nponcn1 l'hesc ligands \\'Crc chosen because the, ,,ere kno\\·n t o1nlluence ( S,\ 1nteract1ons ,vith the pore lntram11ochondnal Ca2 not only act1Yatcs thePI pore, but also depresses { SA binding to lls "receptor' on the pore (ll.lc Guinnes,, ,•tul, I 'l90, C ro1npton and ,\ndreeva I 99-1) Conversely \DP pron1otes CSA b 1nd1ng(Andrccva and Crompton, 199•1) \\'hen photolabelhng \\as earned out 1n the prc\cnccnnd ab\cnce of these hgund�. a number of m 1lochondnal con1ponent, bccan1c CO\alcnthlabelcd b) the the CSA derl\ative, but only photolabelhng of CYP-D \\as proniotcd b\!\OP and nbohshed b) Ca' (Andreeva et al 1995 fanvccr, ,., al, 1996) Thercbv1dcnt1 ly1ng C'YP Das the po1c-assocmtcd CS•\ b1nd 1ng component
II 1s generally assumed that ( \1>-0 associates \\llh \\JI \IQ the act1 ,e site and that CS\blocks the pore by preventing this nssocmt1on (CYP ·O serves os a CS\ receptor on thePI pore) In line \\'llh this. the binding of CYP D to Al'< f 1 11 Trnon '< 100 ,olub 1hzedmembranes \\as blocked by CSA
2.1.S . .l. r, \Cl ons INOt'CI G ,111 I 11 OPENING.
\ onous facto,, enhance the hkehhood of \IP IP opening In some mitochondria, such astho,c 1n the central nervous S)'�tcn1, lugh lc,eh or Ca· \\'1th1n the m11ochondri11 cancau�e the opening ol the po1c ( lluntcr and lh1\\nnh 1971)a, Brus1ovc1sk), .-, u/ 2002) This 1s possibly because Ca1 bind� to and act11111tcs ta - b1nd1ng s11cs on the 111,11ri, side of the \IP IP (I la\\onh iind I luntcr. 1979 I cha\ and \laau, I 998) l'he presence offree rad1cnls, another result of c'(ccss1\·c 1ntrnccllulnr calcium conccntrotion\ can ahocause the \fl'TI' lo open (Fl\kum ?001, llru&iovchky, t'/ 111, 2003) C)ther foctors th,11 1ncrea!>c the hkchood that the !\IP IP will be induced include the p1e,cnce of cctt,1111 fott\' �c1ds (Garc1a•Ru11 t'/ al '1000) and 111org.,n 1c phospl1111e (Nicholl, and l\rand, 1980) llu1,c:1 er these fnctor) cannot open the pore \\llh11u1 Co1', though at !ugh enoughconccnrra11on,, C,11 alone can induce \11'1 (C,untcr ,., 11/, I ()11 I) Strc,, 10 thecndopl&i!1 11c rcllculum con be n factor 1n tnsgcnng i\lP I (Di·ntaud ,., 11{ "007)
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I h1ngs 1h,11 can cause the pore to close o r  rc1na1n closed include acidic cond1t1on,
(I nbcrg and \\1eloch 2002) lngh conccn1ra11ons or \1)1' (I lun1cr and I la\\onh, 1979b,
Un1s1ovc1-.k} ,., c,/ , 2003 ), I ugh conccn1ra11ons of,\ l'P ( Bculncr ,., al. 1998) ,111d lugh
concen1ra11011s of Nt\1)11 (llun1cr and lla,\onh 1979n) [)1,alcn1 ca1ions ltkc \lg· also

• 

1nl11b11 �1P I, because they can compc1c \Vllh Cn1 for the Ca -b1nd1ng sites on rhc n1111rix
side of the MP l'P (I la,vonh and Hunter 1979)
In conclusion, the c:<1stencc of a pore 1ha1 causes cell death has led 10 spcculn11on abou1
111, possible evolu1ionary benefit Some ha"c speculated tha1 the �IPT pore n1nr m1n1n111c
inJUI)· by causinp badly 1n1urcd cells to die qu1cld} and b} prc-.enting cells from
os1d111np, ,ubs1anccs that could be used else,vhcrc (I la,,onh and I luntcr, 2001)
2. 1.S.4. INlllill fORS OF TIIF' �IPTP

•:• (yclO\flOnn \ (CSA).

In 1988 C ron1p1on and his colleagues den1onstrn1t.'<1 1ha1 the process of mernbrane
pcrmcab1h1, 1rans111011 could be superficiallv 111hih11cd by sub-m1cromolar conce111ra11ons of CS,\ (Cron1pton er al 1988) This \\'ns a maJor breakthrough 111 the understanding al
the molecular mechanism of the r-tJIT because II led to the disco\'cry !hat CS,\ exerted 11�
1nh1bitory effect through binding 10 a specific Cycloph1hn (C'YP-0) ,v11!11n lhc
11111ochondrinl main, (( onnern, and llalestrap, 1992) CSA 1s n neutral hpoph� he,lun�lly ruoduced, 11 rc\lduc cyclic pcpudc (l·1g '.! 6) c,tractcd from the rungu�"I t1fJJ10t;/ud111111111fl11111111·

h " a pu1cn1 1n1muno�upprc,,I\ c agent which " u�cd princ1pnlly to \Liflprcs, gr,10reJccuon nlier organ (c I! k1dncv, heart, lung h\'cr pancrcn!> and bone mnrro\\)tr1111�plan1\ (K,1han ,., u/ 11183) h ts ,1 h111hl} cflccuve agent liu the 1rc111111c111 ofnu101mmunc disorders and for prcvent1n1t orga11-1n1n5pla111 reJcction Indeed, un11I the:td\ cnt of CS,\ tn the c:irl}' 19110's the long-term ,urv1vnl or a 1ron,11lan1cd organ and us11.-c1p1cn1 ,vas 11 rare occurrence (Yoct ond Voci 200·1)
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Fig. 2.6: STRUCTURE OF CSA (Voce and Voer, 2004). 
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C'yclosponn ,\ spcc1fically binds cyclophylin-D (So named because the, arc spec11icalh
1nh1b11cd h, CS\) and 11 had been proposed that ,vhcn bond b\ CS\ Cyclophvhn-D
remain\ 1n,1c11\c thcrcb, n1a1 111a1n1ng the I\IP r pore 1n a closed stnh: (Rrockcn1c 1cr  1!I al.
198(), tiniest rap and l)avidson, 1990) rhcrcfore, 1nh1b1t,on of I\IJ> r b, cvclosponn ,\
appears to prevent the coscilde of event:, leading to apop1011c cell death ( Isenberg and
Kla11n1g, 2000) The structure of C') ,\ stronglv suggc�ts a non-nboson1nl b1osyn1hct1c
mecha111,m (/.ocher c1 al, l<>RCJ)

•:• S11rr 111inc 

·1 his 1s one of the three known polyam1ncs sperm1dinc, spcrmine and pu1resc1nc
Polya1111ncs arc responsible for the gro,vth and function of norn1al cells They interact
"11h various mncron1olccules, both clectrllstnticall} and co, nlcntl\ and, as a
con�equencc, have a , ancty or cellular cOects lhe coniplcxn, of polyanunc nu?tabohsm
and the 1nuh11utle of compen:.atory mcchan11sms thnt arc invoked to maintain polynm111e
homcostasi-. argue that these a1n1nc� arc cn11cal to cell sur,·" al (\\ nllacc ,·1 <1/, 2003)
l'l1e 1n111at tlisco,cl\ ol the 11ulya1n1ncs date\ back to 167R ,,hen ,\ntonie ,an
Lccu,,·cnhock l)Ohllctl some three-sided crystals from hu1nnn \Cmcn (\ an Lecu\\cnhock
1678) llo,,cvcr, it \\as not unlit 192-1 thnt the cmp1nc.1l fonnulnc of the crJstnls ,,ere
deduced (Dudley c1 "' 192,t). anti II was a funhcr 2 years before the products ,,ere
synthC)ltL-tl chen11call)· (Dutllcy c/ ul, 1920) 1 he name sperm1d1nc and sperminetherefore rcllcct the ong1nnl d1 sco, ery
Pnl)an11nc, arc found 1n all II, 1 ny spccu:s, c11ccp1 l\\u ordcr<1 to ,\rchaca,� lcthanobac1eru1lc, and I lalobactcnnlcs (I lnmana ond 1' lntsU1i1k1, I Y92) Thi\con�c"allon aero,., cvoluunn 1s a pos111vc feature 111 tlmt 11 .iryuc lor their 1mportoncc 1 11cell �ur-. 1, al but 11 ma� alw be a tlruwh3ck 111 thnt 11 unphc� " lnck ol �,icc,fic function(\\'ollac1: 19911) l'oly,1n11nc) �uch as $pc11n111c anti �pcnn 1d1ne arc used 1 11 1):-,.: \pack:ig1ng tins 1s bccau,c their po�111,·c ch3rgc \\luch they cnrry on each nnrogcn 010111 81

)S 
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ph) s1olog1cal pll enables thcrn to interact clcctrostaucally ,, nh poi\an1on1c
macrornolcculcs \Vllh1n the cell Spcrm1dinc and �pcrnunc can bridge the n1nJor 11nd
minor groves of DNA. acting as a clan1p holding together Cllhcr t\\O diITcrcnt n1olcculcs
or t,vo d\stnnt parts of the same n1olcculc (l'vlauhc,vs, 1993)
Stn1ctur,1I studies 1nd1catc that polyam1ncs interact ,vuh 1nd1v1duol rather thnn multiple
Ul\A n10\cculcs (1 abor and I ilhor 1984) In ndd1t1on to 1ntcrac11ng ,,uh D'\ \ and RN,\
polya1111ncs can also 111tc1uct , ,  uh ac1d1c phosphohp1ds 1n n1cmbrancs (Schuber 1989) In
general. �11crinid1nc and spcrm1ne increase the ng1d11,· of the mcmbn1nc b, forming
con111lc,c� ,vtth phosphohp1ds and proteins l'he} nia) also ha,c ant10,1dant role
prcvcnung hp1d pcrox1da11on ( I adoltn1, 1988) Pol\ ,11111nc, ha, e been 111111ltc.itctl 111 the
regulation or several membrane-bound cn1.yn1es, 1nclud1ng adenylatc cyclasc (\\ right, •• ,
al. 1978), 11s sue transglutam1nase (Ocninntt et al, 1998) and Voltagc-ncu, atcd Co2

channch P-11chols and Lopaun 1997. \\'illiams, 1997)
If the tlcfin1ng feature or the polyam1ncs therefore were charge, then surelv, one
pol}c,111on "ould be �uflic1c111? lhe most ob\ 1ous choice \\ould be \J)Crm1ne as II ha, the
greate,t charge, lurgeM length and n10\I flex1b1lit\ I he sheer con1plcxtt) or the
rcgulatton ,tnd metnbohsn1 U'l:d b) the poh,1n11nes argues th111 the) or their assocuttetl
enzyme ac11v111c,. ha1.c other crtltcal runcuons w1tl11n the cell not based ,ulcl} ctn tl1rec1
charge-charge 1ntc:rac11ons (\\'allacc, 111 ul, 2001)

The polyam1nc, spcrm111c h,1� been worked on h> Sokolo,c anti I ap1dus and has been
1dcn111icd us an 1nh1b11or ol the tvlP I of 1solotcd nu h,cr and hcan m1tochondr111
(I 11p1dus and So�olovc, I 99J) Spcmunc tn cornb1na11on ,, 1th n sc11c� of tnggcnng
ns1..-nts ,,a uSt.-d to clanr, ,e,cr11I mechan1s11c dcta1h of the trans11ton procc�� 1n isolated
rat h,cr m11ochond11a �lttochontlraal \WclltnB w.ii. monuorcd D) 1111 1ntlttiltor of tran llton
occurrence 

I heir rC1Uh1 indicated that 
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I Sperrn1ne 1nh1b1ts the pcrmcab1htv transit ton of 1�olated rat hvcr mnochondria 

2 l'he ,enslll\'11)' of the pcnneab1ht} of h, er n111ochondria 10 sperm1nt· 1-. lughh 

3 

4 

5 

dependent on the 1on1c cun1pos111on of the assa) medium
K 1111c1ac1s ,vith a s11c outside the n11tochondna 10 decrease spcrm1nc clTcctl\ cness
Spcrm111c likewise nets at an external sue, and

, The Ca· uniporter 1n tls inactive form is not the protein responsible for n1cd1a11ng
the pem1ci1bil 11v trans111on (Lnp1dus and Sokolo,c, 1993)

Spcr111111c and spern11d1ne arc derived fron1 n1cth1on1nc and orn11h1ne by the path,vav 

sho,,n bclo,, (l·1g 2 7) l'he fir�t step 1s the decarboxyln11on of om1tlune a component of 

the urea C> cle and a precursor or arg1n1nc Orn11h1nc dcearbo") lase 1s a l'I I' (Jl\ rido,al 

phosphate) requiring enz)·mc and 1s the target of �C\'Cral po,,crful 1nh1b1101, developed 

con11nerc1,11ly as pharmaccut,cal c1gents (Nchon and Co, 200'i) I he \ 11' I 1s also 

pote1111all) 1nh1b 1tcd b> proton (11 ), the effect of ,,·h1ch 1s c,crtcd fron1 the n1.11n, side of 

the: inner n1cmbrnnc and 1s hnkcd to reversible protona11on of h1�t1dyl residues (I luntcr 
and IJan'lolth, 1979a)

)7 
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Fig. 2.7. Syntbesb of Polyamiocs (Spcm,lnc) (Nebon und Cox, 200S). 
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()1her 1nl11b11ors or \IPTf> arc N-n1c1hyl-Val-<1-cyclosponn \ (\lcvalCS \) a non-
1mn1unosup1uesun1 dcnv1111ve of CS,\ 2 anuno c1hoxyd1phenyl borate (2-.\PB)
CC'h1nopoulo11s l'f al, 200]) Bongkck1c acid 1s also a kno\,n crrecuvc 1nh1b11or of �1PT
pore (Bernardi 1996)

2.2 l'\1110CIIONDRI\ \"ID('FLI Dl•i\111.
1\1i1ochondrrn play a prom1nen1 role 111 cell death as a central or�anelle rn,olved rn 1he
signal 1n1nsduc11on and an1phficnt1on of tJ1c apop1011c response (Green and Reed 1998,
Johnson and Oorse, 1999) l\litochondrial dysfunction rs an early c, ent prcceed1ng
nuclear and plasma men1brane ahcra11011s h 1s charnctcrilcd  by an increase in
n11tochond11al mcn1brnnc perrneab1lr1} and loi;s of n1embrane potcntral that i� regula1cd
h} the pcrmculrrhty 1rnns111on (l'I') pore co111ptc, (Pe111 t'I c,/, 1'>97 (1reen and Reed
1998) �l1111chondria play a central role 111 both types of cell dca1h upop10�" and necrosis
through tlu: UJ)cn1ng of the n111ochondrml pcrmcnbrluy tran\rlron pore (:\1P fl>) \\hrch rs
thought lo be formed through a Ca2

• -tnggcred conformauonal change of 1hc Adenine
nuclco11dc transloc:isc ( \NI ) I.round 10 matnx C\clophrlrn-D
Opening of 1hc pore (�tJ>Tf>) cauxcs swelling and uncoupling of muochondnn. which,
unrcstrmncd, leads to necrosis Transient 1\-fPTP open1nµ 11111} nlso be involved 111
npop1os1s by inittally cau�1ng S\\Clhng and rupture of the ou1cr n1cn1branc to release
fytochrorne c (Cyt c), which then activates 1hc cnspasc cascade and �e1, 11pop1os1s rn
1110111111 Sub\cqucnt �tl>Ti> closure allo,\s ,\ 1'11 IC\Ch to be n111inta1ned, ensuring 1h01 cell
dt'llth rcn1a111s apoptollc rather th,111 nccrouc I hu,, rn addilron ID their more \\ldt.:I)h.'Cogn11� rune lion 111 the 111ov1s1on of,\ TP, 11111ochondna also piny n cr111cal role 111 the mL-chanrsm or cell dea1h both apoptollc and nccrouc (I htlc�tr ap t·t u/ 2000) \n
rmponant 1ole of n111ochonua rn apoptollc �1gnalin11 1s the trnnsloc:111011 ol C ylochron,c cfrom the m1tochondr111I 1n1crrncn1brnnc companmcnt 11110 1he c�-tosol Once relt<l\L'tl 'cy1ochrornc C binds 10 Al> Al·· I in the presence of A I 11 or dA 111 nnd fornl\ ,1 complc,

]I) 
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1ha1 processes and activates pro-caspasc-3 and . 7 (Saleh er al • 1999) The relca�e of
cytochrome C has been hnkcd to loss of muochondrial membrane potenual (t\01n) and
increase 1n pcrn1cability transu1on (Petit er al, 1997 Sh1m 1lu er al 1999, fvlar1.o t'f al1998) although there arc al�o reports prov1d1ng e\'1dcnce that 1hcsc arc 1ndcpcndcn1even,� (l3ossy-Wct1.cl er e1/, 1998) Probably ..l1;,m dependent nnd independentmechan1sn,s cxis1, d1!Tcr1ng wuh specific apop1011c sllmuh (Zora111 and <i1abo, 1995,Boss) \Vc11cl t'/ e1/, 1998)

I he con\1�1cnt observa11on of n11 tochondnal dysfunction prior 10 1he nuclear changesassocrn1cd \V11h apop1ot1c cell death 1mphes 1hat ll may be a cru1cal rcgulntor of the
1nc1abohc cvcn1s involved 1n the apop1ouc cosc;idc (Dcck\verth and Jonhson, 1993,Jacobson l'f 11/ 199,1, Schul,e Os1ho1T et"' 1994, Pe11t l'/ al. 1995 Vayss1crc t'I al,1995 7a1nzami t!I al. 199Sa b. 1996a) Eunhcrn1orc 1n cell-free sy!ltcrns. mnochondnoarc a necessary component of 1hc cytosolic frac11011 10 produce apop101ic fea1urcs 10isolated nucleic (?\C\\ mcycr ,., al. 199-1) and subscqucn1 c\·tdcncc re\ calt:d 1ha1 onlynutuchondnn undergoing 1hc 111uochondn11I n1en1brunc pcrn1enb1 l11y 1ran�111on (\IPT) arcpro-npop1011c in 1h1s S) s1cn, (Zam,ami •. , al. I Q96b)
2.2.1. \ 1'01'1 OS IS

l�rly pioneering s1ud1c� of cell dca1h delineated l\vo rnaior, morpholog 1cally distinctI) pcs, opop1os1s and necrosis (\Valkcr ,., al, 1988) ,\poplosl\, or progran1n1cd cell dca1h,
1s an 1n1cgral pan of development and honu:ostns1, and h11rdw1red 1n10 lhc gcne11c n1a1cnah uf cell 1h:i1 arc dcsllncd 10 die Oficn under pa1holog1cal c1rcums1ances such 11,111 some netiro degenerative d1sc.:isc, and 111 stroke, the OJ1op1011c progron1 c11n be1nappropr1111cl) unplcn1c111ed rcsuh1ng 1n dc1r1n1cntal cellular dcs1ruc11on (I crn andKrocrncr 200 I l.c1M :ind Joaucln 2001) 1 his process require\ cnerg)' ond oficn C\ en deno\o rnacrornolcculur !i')'nlhcs1\ and lhc )pccrlic b1uchcn1 1cnl \tc:ps 1n\ohcd 1n 11 1S!,tc:nnR

·10
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and executing apoptos1s as \\ell as 1n ren1ov1ng lhe dead cell ren1nants gcncra1cd b, lh1s
process ha, e been described 10 great detail (I lcnganncr, 2000 200 I)
Apoptos1s 1s a term derived fron, the Greek ,vord ,vh1ch n1c.in, falling (or dropping) off
in relation to petals from flo,,·ers or leaves fron, trees and il ,vas firs! coined and used b�
Kerr et e1/ 1n 1972 Apoptos1s has been known to occur in n,u1t1cellular organisms a� a
form of cell ehminntion occuring during de,elopment as ,vell as 10 manv phvs1olog1c and
patholog1c processes ,\ parhculur dran1nt1c e,amplc of lhc ph>·s1ologic role of apoptos1s
1s seen 111 tissue rcmodehng dur 1ng cn1bryo de, elopmcnt or 111cta1nurphos1s such as when
the t,1d pole lo,cs us tu11 (I l.1lcstrap, et al. 2000) ·\puptos1s 1s also the mode of death for
chnunntion of potentially sclf-reacuvc l"--cclls 1n the thvn1us (Nngnta 1997) and the
con1n1011 1nccha111sm by wh ich hurn,111 tun1or cell, die, cuhcr ,pon1ancousl} or 1n
response to therapeutic agenls (Kerr t•t "'. 199,1), or cell mcd1a1ors such ns nnnc oxide
(Cu, et c,I 199,1) 

Apoptos1s hns been proved as a geneucally programmed process for cells to comn111
su1c1dc 1n tcn,1111 c.1scs 11 1s an encrlly requiring process wluch rln,•s a cn1c1al role 111
Ussue homeostas1s oOcn a\ a counter bnlnncc for cell prohfernuon nnd lhu\ n,u,1 be
,tnctl)· con1rollcd1rcgulatcd '" 11, dercgulat1on ol\en lead, to 111alfonna11ons nnd disease,
(Kerr i:t c,I 1972) In fact defects 1n npop1011c 11athwavs arc no" 1hought to cnntnbutc to
11 nun1bcr of hum on dhca,c� rnngtng from n1.11rodegcncrnll\ c disorder, to mahgnanc,
{ I hompwn 199S) Since apoptotic prograrn, can be mnn1pulatcd to produce 111ass1vc
chaoses 1n cell dea1h, the genes and proteins controlling opoptos1s are po1cnt1al drug
targets h ,, no" ,vcll C\tabhshcd that cancer agents induce apoptos,s, ilnd thn1 dis1rup11on
of apoptouc progrnms can reduce lrcatmcnt \Cns111\ 11\· (Sch,nitt and Lo,\c, t 999) Anttcanccr ngcnts 111du,c aportosti rn normal lls�uc 11s well 3\ 1n tuntors Patholo�isi,1\hO 1dcn1tlicd apoplll)IS 111 1umori ho\c rcnh,cd thlll npoptouc cell de.uh \\IIS inducc-d 111a wb�ct uf norn13I tissues (c ii bone 111111101\ and 1ntcst1nc) ond 11 \\11\ suygcMcd thnl theproc�s m1gh1 com11hu1c: 111 1n,1c1l} as,uc1nted \\llh cl11:11101lu:ra11} (Sc111k ,., u/ 197�)
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\pop10�1s occur-; ,n cell, des11ncd for rcntoval 1n a vanc1y of normal s1tuat1ons. 1nclud1ng
larval de, clupntent or the ncnHuodc (' elegans, insect n1c1amorphos1s development 10
n1a111n1ahan embrvos 1nclud1ng the ncphrogen1c ,one 10 the de,clop1ng k1d11c, and
rcgrcs\1011 or atroph} (c s 111 the prostate afier cas1ra11011) It follo\\·s the ,, 1thdra\\al of
SIO\\th Jnd troph1c lnctors 1n 111an) cells, nutnt1onal depnvauon, hormone trcatn1cn1,
uhraviolet 1rradia11on and exposure lo 1ox1c and 1nfcc11ous agents including rcac11,c
oxygen species and phosphnic 1nlub1tors c g Okadaic acid, calciun1 ionophores and a
number of cancer chemothcrnpcu11c agents In some cases 11 appear� thn1 high
concentra11ons of g.ro,vth factors can counterac1 1he ellccts of toxins (\Vylhe, 1981 Ken
<'I nl 1 ()1),1, Raff 1•/ u/, 1993)

2.2.1.1. 1·111. \ll ('II \"IS�IS OF \POl'IOSl5
lherc 1s tnnrc than a path,\'ay 10 apop1us1s, and these include lls 1nduc11on, 1n 2 pnnc1pal
path,\'ays One 1nvolv1ng the haauon of death 1cccptors such ns CD 9� (aho 1.no,vn a&
the Fas Apo-I) and tu111or necrosis lbctor-rcceptur (T"-1 -R I). "h1ch on b1nd11113 to the
adapter protein I ADD {fas-acuvated protean ,vuh death domain) recruu proca\pasc-8
into the d1:ath-1nduc1ng s1gnahng co,nplcx (lht: c,1rins1c pnth\vny) ,\nothcr path\\oy 1ha1
i� triggered by a number of npoptouc s1111 1ula (which ma} include 111odcra1e 111suh
1n,uffic1cn1 to l.111 thc cell outrightlv but enough 10 c.:susc \1gnilic,1n1 cell dnmngc such as
an1u:ancc1 drul', or irrad1a11on) 1� cs�cn11ally controlled at the 1n11ochnndrion (the
1111nn\lc path\\il}) ( ·\ndrca Ren, •'I 11/ 2001)

, 111�:ll\lltl\SIC/,lllOC 110\DIU\Ll'\III\\ ,,
1111, " ,1pop1os1s tnggercd b) 1111crnal s1gnah I he outer n111ochundnal membranes of nlicahhy cell d1 plav the rrutc1n Bel I on the11 ,u,rucc\, llcl� 1nh1b11\ npo111n"s Internaldantllxc to the cell (c I!, fr01n ROS) causes related pro1e1n\ Und ond Bi!,, to n11grotc lo thesurface ol the nutochondnon \.\'l11:rc they bind Uc!-,, blocl.1013 II\ protcct1\c ct1cct ondcnu11ng C')tochro111c c rclensc from the 1n1crn1crnbr,1nc space (Kor�nteycr ,., al, , 2000,,\hrno1111 ,., 11/, 2001) I he released C)I C' h1n1h to the protein ,\1111f-l (1\pop1o,,� protcai.cac11va11ng factor-I) lJsing the energy provided b\, ,\ fl' thc�c contp!c11c, ,lS!lrcg,uc 10
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forrn apoptosomes ·1 he apoptosomcs bind to and acuvatc caspa,e-9 "luch 1s one of a
family oro,er ,, dozen caspases (Li,,., u/, 1997 Green and Kroemer, 2005)
C'aspasc\ arc .,II proteases which get their narncs because they clca,c proteins, mostl)
each other ,11 asp;1rt1c acid ( \sp) rc�1ducs ( I honnbem· and I azebnk, 1998) Caspase 9
clca,e, ,1nd 1n so doing ac11vutes other caspases (caspascs-3 and -7). the eXL'Culloner
caspascs creaung an expanding cascade of prOtL-oly1ic ac11v1t) ,vh1ch leads to d1ges11on of
stn1c1ura1 protein, 111 the crtoplasm, dcgradn11011 of chromosomal I);\; \ and phagoc,1os1s
ol the cell ( ·\hmon11, l!t al. 2003)

Sho,vn below (fig 8) 1s the classical apop1011c pathway Cells receive e11her a reccp1or­
mcd1e1ed or ., non-rcccp1or-mcd1ated death signal 10 1n1trnte the npoptotic path\\ay
Cons111u11ve up,1rean1 caspascs (1 c caspnse 8) and pro-apoptouc Bel--, fam1h proteins (1 e
IJ1d Bnx) .ire uc11,,1ted resulun'I 1n ,, cn�c,1de of molcculnr e,cnh thRt act 01 the
m1tochondrion The} can induce a loss or n11tochondnal men1brane potcn11al (J.1;,m)
productton of reacuve oxygen species (ROS) pcnncab,litv tr.1ns111on (Pf) due to opening
of 1hc pcrn1cnb1ht� trans111un pore, nutochondnal ,,vclhnH and ul11motch rclc.1,c of
ilpoptos" 1nduc1ng laclor (Alf) and C) tochromc ( Rclc.,sc or C) 1ochromc C 1s a po1n1
of no  return a, cytochron1c C torn,� u con1ple, "11h caspa�c 9 \pal I and d.\1 P
rcsuh,nH ,n the auto 11c11vn11on of caspasc 9
Ca�pa�c 9 proceeds to cleave the downstream cn·cctor ca�pa\c� (tll\pll\Cs l 6 c I c) 1h01
1n tum net on man� cellular proteins to gl\c the 1y111c.1I b1ochen11cal nnd n1 orpholog1cnlfeature, ,uch a, membrane blcbb1nK and 0'-1,\ fragmcntnllon Sornc apoptot,c pnlh\\,t}',arc able to induce cell death 1n a m11ochondrinl- 1ndcr,cr1dcn1 ,nnnner thnt 1s not 1nh1b11cdb, llcl'"l In the5e casc5 pro11pop1011c up�treJrn molecules c.in ncti, ntc cosp,1sc,) d1 rcc1lv llo\\C\er, there 1s a lccdbaci loop 1n which the oc11,ntcd c,ispa,c J acts un them11ochondrron to induce dv,111nct1on at later �11gcs or ,1popo1u�1s ( \hn101111 ,•t 11/ 200\)
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Fig. 2.8: The Intrinsic apopoplotic pathway (Alin,ontl �, al., 2003). 
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, 'fill I·\ I Rl'\Sl(/1)£ \I II RI'( f'l'IOR P\TII\\,\\
rtus 1s apop1osis tnggered by external signals In figure 2 9, ras and l',f receptor arc
integral mc1nbra11c proteins \\ '1th their receptor domains c;.;poscd at the surface of the cell,
binding of the con1plemcn1ary death actl\·ators (Fas L and TNf' respcc1i,ely) 1ransm11s a
signal lo the C) 1oplasn1 that leads 10 acliva11on of caspasc 8 Caspnse 8 (like caspasc 9)
111111n1c� a cascade of caspasc acuvauon lending to phagocy1osis of the cell
There arc live receptors (I as. TNI R1 DR3 DR4 and ORS) 111 the rccep1or-n1cdia1cd
death palll\\'ay Fas-induced cell death requires the b1nd1ng nf ell her mc111hra 11 e -bound orsoluble Fas ligand (111/s Fasl ) 10 the l·ns receptor on the cell surfuce 1111s 1n111n1es the
formation of the dca1h-induc1ng signahng con1ple, (L>ISC). winch 1111:ludc�. l·as. I ·\DI)
and caspasc 8 and uh1mo1cly results 1n the ncuvnuon of caspasc 8 The in1crac11on of
I \DD \Vllh caspase 8 can be blocked by the cellular 1nhib1 1ory protein Flip and can
therefore block Fns•med1a1ed apop10s1s There arc l\\'O l)flC\ of Fas-mcd1a1cd death
palh\,·av, Tvpc I ,� m11ochondrial-1ndcpendcn1 nnd therefore not 1n h1b11cd by the
an11apup1011l protein Bc1·2 It 111volvcs the direct uc11va1ion of crr1:ctor cnsposc 3 by the
ac11,111c<l c��pase 8 In con1111,1, type 2 proceed\ ,·1u the 1n11hocondna, rc,uh,ng 1nm11ochondrial dysfuncuon and c>·tochromc C release, 10 c,·cntuolh 11c1i\a1c ca,pa�c 1
Since Ref •• functions primnril) at the 1n11ochondna, 1h1� pa1hw11)· can be 1nhib11cd by Bel,( ,\hn1on11 t t1/ 2003)

4S 
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Fli. 2.9: The cxtrln!llc apop101lc polh"'II) (Alimonli �, al., 200)). 
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2.2.1.2. PRO fEI\ FFFI• ( I OJtS OF \POPTOSIS

1\poptos1s 1s a high I>· regulated cell death n1echa111sn1 that is required for select I\ echn11natton or cells \'anous apop1ot1c signals e,tntualh· converge to actl\'lllc a la1111h ofcyste1nc proteases called caspnses, \\ h 1ch then cleave c1 cn11cnl set of cellular proteins toinitiate apoptot1c cell death The Bcl-2 family of proteins is n \VCII characterized regulatorof apoptos1s that interact \VJth caspnses (Adams and Cory, 1998, rsu11mo10 and Sh1m11u,2000) 

I he llcl -2 t:1m1ly consists oft he follo\Vlnp three dht1nc1 sub-fnnulics,
(n) ,\ntt-apopto11c These shore sequence homolog} nt llll,, 1311 13111 and Ul I 1domain� (81 I - Bcl-1 hon1olog}). examples arc Oct, 11selfond Del \I (b) l'ro-apopto11c they share the snme homolog>" at BII, 131 1 and 13111 don1a1n\,e,11 1nples include Dai,, .ind Bak
(c) 01 I domain onl} proteins I hesc arc p10-,1pop1011c but shurc hon1olo.ll}' onl} a lthe BI h dom:un onlv r,a,nples ore 1310, Bik and Bin ( •\dams and Cory, 1998,T!>UJin1010 and Sh1m11u, 2000)

II has been sho,vn that 111 odd11iona to Ill 1, :ind BI I, the 0114 don101n •� rc,1111rcd for an11-npop1011c ntll\•lly of Bel-, and Oel-,1 and 1h01 the 13111 domain ol the pro-apop1otic1nc111bcr\ 1s C3scntral and, 115cff, ,unic1cnt for pro,apop1ottc nct1v11 \ (,\dant) and C.ory,I '>98, Green and Reed I C)C)g I su,1n1oto and Sl11m1111. 2000) \lcn1hcrs or 1hc Ocl-2family form o group of proteins that play 1mpon.in1 roles 111 the rcgulnt1011 of cell deathunder both phys1olog1cal and pathologrcnl cond111on\ \lcrnber:s or 1111� fa1111lv promotecllhcr cell surv1vol, a� 111 Ocl nnd Ocl �i.. or cc:11 dcJth, as •n the c.i�c of Da, and Bid(Sma1l1 t'/ 11/, 2000) In hv1n� cells Ila, and 1 31d ore predom1nnnlly olublc protein, (11,u and :\.lolday, 1994) a,,d Oel-7 1s Jssocrntcd 1v11h 1he mcn1branes of vursou, organelle,1nclud1ng endoplolsnuc rc11culun1 11111nchond11a, ond nuclei ( Kr11Jc11 sk1 ,., ,,/, 1997) llnd
47 
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Bcl-x1 exists 1n both soluble and membrane-bound forms (I l�u t•t ul. 1997) Durrng apoptos1s Bcl-1 ren1a1ns bound to the n1embrancs (Fig 2 I 0) but the C} tosohc lorms of Ua,, U1d ,1nd l.3cl-x1 have been found 10 redistribute fron1 1he cytosol 11110 n1en1brnnes 111 pnn1culnr 1n11ochondnal membranes (I bu ,., al. 1997, l.1 L'f t1I. 1998) l'he 111echanl\1nle,1d1ng lo Dax and Bcl-x1 red1str1bu11on 11110 the 1n11ochondna arc s11II unkno\\11 Bid "believed Ill be pos1•translat1onallv cleaved b) caspnse-8 In enable us 1ran�loc:111011 111101n11ochondria ( l.1 et nl. 1998)

X-ray cryst;illography and solu1ion �\fR analyses of the reco111b1nan1 Ocl-,1 ha,e1nd1ca1cd 1ha1 this pro1cin shares a high degree of structural �1n11lnnt) to the 1ransloca11ondomain of diphlheria toxin (�luchn1orc et al 1996) which can 1nsen 11110 bilayers ( h..igan ,., al, 1981) This suggests tha1 Bel-· Del-. 1 and Ba, 1110v forn1 1011 ch,1nnels( Schlcs1ngcr ,., a/ 1997) /11 1•1tro �1ud1es have ,ho\vn 1ha1 the 111se111on or Un, cause, therelease or cy1ochromc c frorn n111oc:hondna (Jurgcnsn1c1er ,., al 1998) ('y1ochron1c chas been proposed to 1n1erac1 \\ 1th \pnf-1 (/ou 1·1 al, 1997) This eon1plc, 111 thepresence of dA l'P can ca1al}1.e the attl\allon of caspa�es to protcol\J'C cellularcons111ucn1� 
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Fig. 2.10: Schemallc reprl'Sl'alation of the apoptohc ca!l('adc and the iateraction of 

81:r. and Bid wllh mltochondrioa (Smalll et al .. 200)). 
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S01nc report, have suggested that the release of C) tochrome C 1s associated \\ uh Ba,1ntcrac11on wllh adenine nucleotide translocasc (\NI") (\larzo l!I al 1998) a componentof the p·1 I>, thus, release of cytochron1c C can be associated \Vllh PTP ac11vn11on and the nt1end1ng loss of Atpm I lo,vever cytochrome (' release can occur in the absence ofper n1cnb1h1 \ transition ,1nd coll.1pse of \t?m (Goldstein 111 c,I, 2000) In addition, underspc,i.11 c1rcu111Ma11ccs. pcrmcab1hty trans 111on ha& been sho\\ n not to be 111\·oh �-d 1n Ba,.tnduced c,·tochrome C release (hskcs t'I ctl 1998) 
• ll:t'I; as II prou1lOfllotic protein

Ra, 1s u pro-npoptotic men1bcr of the Bcl-2 fnnul) anti 11 \\US lirs1 1den111ied ,1, a llcl-2binding partner by 11n111uno prec1p11a11on (Oltvn1 t'I al 1993) Subs�-qucn1tr, 11 \\nssh0\\'11 that O\'Cr C\prcssion of 13nx can accelerate cell death 1n response 10 variousapop10s1s stimuli (Yang & Korsmeyer 1996) Phys1olog 1call), nax ploys an ir11ponan1rnlc in ncuronill dcvclnpment and spcr111n1ogcncs1s \111 n1als thot ore dclic1cn1 1n Ila,h,l\'C 1ncrcuscd numbcrs of neurons and 111ale, arc kno,vn to bc Meri le ( Knudson ,., al ,1995) l nder pa1holog1cal cnnd1 1 1ons �uch n, cerebral nnd card111c 1�chcm1n, uprcgulilttonor Rax has been reported in 1hc aOl,ctcd area or 1hc tissues. 1 1nplu:a1111g the pnn1c1pat 1nnor lhh protein 1n the prorno11011 of neuronal and c,1rd1omyocv1 1c cell death ( k.rnJc\, ski ,.,al 1<>97) 

In certain c;i�e\ of human colorcctnl cancer, mu1n11on, \\ere found in the gene encodingIla,, suggcs1111g tha1 1nnc11vo11on or nax promotes lumorigcnt:\I� h)' rendering the 111n,orcell\ le,� susceptible 10 cell de:ith (Lc Olanc ,., al, 2002) On, share� ,,1th othermc,nbcr!> or the 11cl"l f:im,ly 1hc fca1urc of h11\'1ng three con�cr\cd r�1 011, named nt Idomains I J Sc,c111l hne, of evidence sho,, 1ha1 1hc,e don1n1n, can be 1m1>onant tbr thercgulo11ory functions of these Bcl-1 fa1n 1l} protc:1 11� In add111on, ll,1x and a nunibcr of Bcl-2 fanuly 111en1bcrs al�o possess n hydropholuc sl!g111en1 01 their C'-1crn1111nl ends l·or llcJ.2 this hydrophobic �cg,ncnt 1s rc'1111rcd lo m1chor the protein to , 1111011, insancllc\, 
so 
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1nclud1ng endoplasmic re11culu1n. m11ochondrra and nuclear outer membranes (/ha l'f 11/1996) I he J-D stnicturcs of the Ba, and Its pro-sur,;1\al antagonist Bcl-,L ha\c reccnth been deciphered (Su1uk1 et al 2000) l'hcsc t\\o proteins appear 10 share a s1gn1fican1stnictural homology \Vilh the transloca11on don1a1n of d1ph1hcna 10,1n, espec1all> 1n ahelical loop domain forn1ed by a-helices 5 and 6 lh1s pan1cular domain of d1ph1henntoxin has been shown to penetrate the hp1d bilayer to form pores (�luchrnore et a/, 1996,Kagan l'/ 11/ 198 I}

In health� cells Bax rs predon1inan1ly a soluble n1onomerrc protein (llsu t'f al, 1997)despnc the fact 1ha1 11 possesses a C-1ern11nal hydrophobic scgrncnl \\ h 1ch unlike those ofRcl-i and Ucl-\1 1s sequestered 1ns 1de  a h)drophob1c clctl (Su1.uk1 t'/ cr/ 2000) Upon111duc11on of apop1os1s b) a , ant.:ty of agents n 'tgn11icn111 lrac11on of Ba, has beenobserved to 1ransloca1e fron1 the ctyosol 10 the n1cr11brane frac11011s 1n pan1cular, tht.:m1tocho11dr 1.i (I lsu t•t ul, 1997 Sn1n1h l'f c,/ 200 I) l'lus 1ranslocation process appear� 101nvoh c a conform.i11onal changt.: 1n Bo,. leading 10 the exposure of Its C -terminalhydrophobic domain (Nechushtan et al 1999) \Ocr 1ransloca1 1on Dax rna> form largeohgomers 011�e they reach the 1ncn1branc
I hcsc ohl{11111e1, arc associated \\Ith cy101ox1c act1v111cs and have not been seen 10 otherproteins iuch a, B1d and Bad (�cchush1,1n <'I al :?00 I) Delc1 1011 of the Ila, C-tl'rrninnlhydrophobic domain abrogated the ab1l11} ol the mu1ont protein to 1rnnsloca1c 10m11ochonll11a and p,rcatly uncnttatcd us ab 1ht} to pro11101e cell dc.ilh On the other hnnd point mu11111ons of llnx that 1a1gc1 1hc expressed protein\ to m11ochondna greatlyincreased 13u, tox1c 11y G'lt.'Chushtnn et ul 1999 & Ncchu\htan l'f al 2001) rhctranslocat1on of Box 10 rn11ochondn11 •� .i�soc1ntcd with the release of cytochrome c and1hc lo�s of \•,'Im (Jurgensmeier ,,, 11/ I 1198 C,oldslc1n rl "', 2000) lhc,c phenonicnama) be related to the obscrvallon, 1h111 ll11'( can 101111 1un ch:inncl� or porc1 111m1tochond11al n1cn1 brancs ( Antuns,11n, 111/ 2000)
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C y1ochro111c C actr\'ates caspa,c-J leading to the protl.'Ol\'sis of the cell ,vhrlc the loss of,\1j11n corrc\ponds to n decrease 111 cellular energy production !"he pro-apop1011c actl\'ll\'or Ba,, ho \\c\ er, c,1n be counteracted by co-e\prc,s1on ,,,uh pro-siil"\ I\ al lacrors Bel-:? and llcl-XI • ,vluch can block 13a, translocation 10 the mt1ochondna during apop1os1s (\'antler llcidcn ,:/ al 1997) litnaih l'/ CII (200)) using Cos-7 cells trunsfccrcd \\llh ,1(,I P 11ax conMruct sho,,cd that 11 1s pos�ible to , 1suali1e that Ba"< ts soluble in thecytosol of healthy cells and translocatcs 10 membrane� upon apop101ic sltmuli likestaurosporinc It "as also observed that the collapse or ,\CDm occurred Just before thecon1pletc tr.rnsloca11on of L3a, to rnnochondnal membrane� (Smnih l'f al. 2001) In cellsco-c,prcss111g 13n, and Bel-.,_1• staurosponne \\i\S not able 10 induce e11her \1,,m collapseor Ila, 1ronsloea11on

• llll1 do,11:1111 pro1cins nnd ct'II tltnth.
lhe Ill It dom:un onl� proteins such os Urd Bad and Urk arc cn1tcol forheterodirncrr1n11on ,,·rth other family member� I Ins 1n1er:ic1ton mn> be cri11c11I tor death-rcgulatol)' ac1iv11y Caspnsc clc,,vaKe of truncated Ord (181d) exposes the BH, domain, causing it, 1ranslocn11on to n1i1ochondria and promo1111g cv1ochron1c c rclea�e (Gro!>s, l'Iul. 1999) In neuronal cell\, 11 ha� been sho,vn that the BI Ii dorna1n causes apcrmcab1h1at1on of lhl! ouier membrane, leading to cy1ochromc c relca�c ,,·ithoutn1Tcc11ng inner membrant. 1n1egn1y or pern1eab1l11y trnnsition These enccts may bedependent 011 the prc,encc of U11� (l'olster .:t ul. 2001) lhc en�pase-ac1i,a1cd 1D1d ,�believed lo tnruicr the homo-olrgo111cn11111on of lhc pro•apop1011c family n1en1bcr!. ,uch a\ Bak artd llax (Kor�nu:\c:r ,., c,I. 2000) Tiu, ohgnrncn.,n11on can 111011cc the rc:h:a\c ofcytocl110111c c (\\lei .:1 nl ioo1) I he precise n1cchan1sn1 by \\·h1ch cy1od1rornc c I\ released rs 1101 undcrMood, however, 10 ii cena,n extent, release c:111 be rescued b�exogenous cytochrorne c. shC>\\'1ng n rc,cr�rble com11011c111 of n11tocho11drrnl ICSflrrillof)dysfunclton during 11pop10�1s (�looth:i LI t1I 1'KJ I)
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C'n,pnsc, 

1 he process of apoptos1s must be carefully controlled Thci charoctcnst1c n1orpholog1calchanl(e' arc do\\ nstream of interactions bct\\Ccn t,vo main groups of molecules(Cnspases ,1 11d the Ucl-2 1:1n11ly n1cmbcrs) ,\, there arc 1ntcrac11ons bcl\,ccn the 2 group�.one group of molecule\ cannot be ,,11d 10 be do\,ns1rca111 of 1hc other
I he n1orpholog1cnl and cellular changes of opoptosis arc due d 1rcc1lv or 1nd1rcc1h to theac11on of a ,1,cll conserved, lnghly specific and ellic1en1 fam1lv of c,·steinyl ,1,pana1e specific proteases called c,1spascs (Thormberr, and La,ebnk I <J9R) ( a,pascs arcc,prcsscd as 1ymogcns, lhc active cn1.y111es are thought to be letramcrs derived fron1 2.pro-c,1spasc 111olccules, con1a1n111g the lurgc and small subunits (Cohen, I 997)

• C) tochron,c c (Cyt. c)

Cytochrome c 1s a pcnphcral membrane protein ofkno,vn crystal structure 1h01 1s  looselybound to the outer surfoce or the inner lllltochondrinl n1cn1brnnc h nhernately bind\ toC) 1uchron1e c, of con1ple, 111 and 10 C} tochro111c 1.. o,,dnse (Complc, IV} and therebyfunction, to shuulc electron, bcl\\ccn 1hcm Cytochrome c', b1nd1ng �llc con1a1ns sc,·eral1nva11an1 l.ys residues that lie 111 11 ring around the e,pti,ed edge of lls nlhen\·i,e tiuncdhc1nc group Evidently tylochromc c has ncgahvely chnrgcd �itc, that arccomplc1nc111ary 10 the nn11 of positively charged Lys rc�1dues on 1t (Voct nnd \ act,2004) In 1996, l.iu ,., al, made the c1111caJ observa11on that cnsp.i�c ac11va11on b) ,\paf-11n a ccll.rrcc sys1�n1 rcqu111..-d d,\ IP ilnd C) tochrnmc c Cy1ocrho1nc c bind\ 10 ·\par 1,possibly 111 11, vterm,nnl end, �,nee ,1 c-1cnn111olly 1n1nca1ed rorm or Apaf-1 no longerrequires the cy1ochrome (Snn,vasuln t'/ "', 19911)
J'hc co111plc'I: scll:nssuc101cs nnd rccrun, prosc.upa�c, \\h1�h ore then pruccs,ed lo their active form, 'I heM: include c11spo�c,-1, I! and •J, the Inter being r�-cru,tco nto,1 ,trongl�(l',1n ,·1 al 1998) l he 1cqu11c1nc111 of C)1ochr11111c c Ii) an ,1pop1t1110 11a1h1\;iy \\'II� the lii,tincontrtl\icn1blc evidence lbr the 1n1·olvcmc111 al n111ochondr1, 111 11r JpU,\I Subsequent
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work re�caled that C)tochromc c translocatcs from the 1nnochondna into the C)losol Justa few hours 11110 the apop1011c programme, e g after st1mula11on \\ nh l·os ligand TurnorNecrosis !·actor, staurosporinc or \\llhdra,val of gro,vth factor (Reed, 1997, I ucc ,., ul,1998) 

I ike most mnochondrial proteins, cytochrome c rs encoded 111 the nucleus Apo­
C) tochron1c c svnthcs11cd 111 the cytoplasn1 ,s 11nport<.-d 1n an unfolded '>late 11110 the11111uchondnal 1n1crmen1br11nc space, here, the haem group 1s co, olcntl) attached and theholoen1:yme assumes its 111uture conforma11on Apo-cytochrome c 1, apop1oc11cal1)1nac11vc Cytochrome c is the ,olc ,voter-soluble C} 1ochron1e and act, os a mobile carrierof electrons bct\\ecn the bc1 complex nnd C) tochrome ox,dosc It h1nds elcc1ro .. 11111cnll\'to ncgollvel} charged surfaces of these con1plcxes nl the outer face of the innermembrane (Kannt ,., al. 1998) Since electron!; no,,· rnp,dly do\\n the respiratory chain,cytochrom1.: c can nssocu11e and dtssocmtc rapid I� "uh c,,ch complex, nnd " not lightlybound lo cnhcr It ,� norn1all) restricted to the 1n1crmembrane space by the 1n1ergri1y ofthe outer 1111.:rnbranc It appear, n111ochondna arc pcrsunded 10 lose their C} t c b) theacuon of Bid the BI I l-onl) Ba, 1n1c1.1c11ng protein ,vluch ,s a substrate of ca,pasc-8 \\':ing's group ,ho\,cd that the 26,000 \lr C}tosohc protein t\ clc:a,cd 111 \llro 10 producea 15 000-:\1r c-tcnn,nal fragment \\l11ch binds lo ,�olated n111ochontlna ,1nd bnng, about1111: rcle.'lse of cyt c (l ucc 1•1 al 1998) 01d \ clca\'agc occurs 111-, 1vo c,1r1, 1n apopto�"(L, et "', 1998) It 11ppear) thcrerore that casp,1sc-8 activation of the DISC (Oca1h-

1nduc1ng )1g11ahng complex) can ICild to lltd's cleavage and release of cyt c to theC}tosol ·1 he mcchon,�m by \Vhich cyt c tran)lucatc<. 10 the C)10sol during apopto)tS has1101 been cl11c1d111cd 1n dctn1I and t!I \IIII a n1a11cr or debate
�loch of lhc contro\cr�) has los;-uscd on the mode of action of the proi!poptottc Bel-,family 1nc1nbcrs ucll 11s Bid Ila!.; and Ua, \\ hlch c,111,e the re lea c ol C)i � 1 he func11ons of the pro-apopiouc Bel- n1cr11hcr ha,c been proposed 10 in,ohc the
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lorniatton of pores 1n the outer rnitochondnal membrane through ,vhich C} t ochrornc cd10uses C)tl11.:r n1odcb �ugge,t thnt these proteins alTect channels ,n the outer or innernutochondnal mc1nbrancs, �uch ,Is the pcrmcab1ht) trans11ion pore, thcrcb\ 1nduc1nghyperpolnn1at1011 and pcrmcabthty trans111on (:\:larchetll ,., al 1996, I uo ,., al 1998,Dc�agher ,., C1I, 1999. Jurgensmeier cl al 1998, E,;kes t!I cil 2000) These event\ havebeen proposed 10 cause the entry of,vater and solutes, matrix s,vcll1ng, and rupture of theouter 1ncn1brnne, ,vhich nllo,vs the passive release of cytochrome c I lo,vevc:-r ii ha� beenobserved that in n1anv cell types the release of cytochron1e c occurs before or 1n theabsence of ,1 change 1n mitochondrial pem1eab1hty (GoldMe1n ,., al 2000), �ugges11ngthm th1\ process involves ,1dd111onat or nthcr 1nechan1sms than opening of thepcrn1c:-ab1hty tra11�111on pore Probably, 1\1pn1-dcpcndcnt and-independent n1echnn1sn1sexist, d1ITenng ,vuh specific apop1011c sllmuli (Zorn111 and S1abo IQ95, Boss\-\\'c1,cl ,.,al. 19QR) 

I' I pore� arc controlled by pro-and nn11-apop1011c rnembers of the Dol -2 family ofproteins, ,vh1ch cnn bind to the�c channels and regulate the release of cy1 c into theo>·tosol (Sh1miro et nl, 1999, �l11r10 t'/ ul 1998) l'hc cxtcrnnli1n11on ol'cyt c i� a rapidand npop10\1s-spcc11ie process because 11 \\'JS 1101 observed 1n nccrost\ induced b� dt\'ersctnggcrs (Andrea Ren, ,., al , 200 I)

• \poptosi, Inducing l•nctor ( \II•)

The lindin, of othtr rnaJor pro-c1pop1011c factor� 1n the 1ntermcmbranc spnce has rcccntl�·consohdutl'd 11111ochondnal 1n,olverncn1 1n 11pop1osis I hc\1: compn�c n 11111pon1on of ccna1n prucaspn,cs 1nclud1no procnsp11sc-9 (:\-1nnc,n, ,., al, 1998, Su�,n •. , ul 1999n) nnda S7,000 �1r apopto�1s--induc111g factor \JI· (Sus111 t'I 11/, 199b, �lorchc111 1•111/. 1996) Kroc111er's group has 1den11fi�-d 1\lff 1111 ,1 l111voprotc1n sho,\'1ng sequence stmilnnt} 10bacterial tcrrcdox1n/NADI I o,udoreductnses, but 11, role O\ nn ox1dor�duc1o,c ts obscure( Uilll 1'/ al 1()9t)b) 
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A number of key observations establish 1he importance of ,\lr 1n apaptosi, Thu� innorn,al cell\, All· 1s reMric1cd to n11tochondnn (1mmunonuorcscene s1ud1es). bu11nduc11on of apopto,1, leads tu AIF transloca1ion to the cytosol and to 1hc nucleus \\'henadded to 1solatcd nuclei \II· brought about chron1a11on condensa11on and 01\,\ cleavage11110 larse frap.mcnts ( Su,1n t't al, 1999a)
Recon1b 1nn111 All·, \\'1lhout the nuv1n pros1het1c group \\as s1milarl} active, \\'hen 1n1ectedinto the C\'loplnsm of cells. \II induced nuclear chromatin condensauon, II also cau\edexposure of phosphnudylsonne on the outside of the plasma membrnnc, a fc,11ure ofapoptosing ccllc; \Vhen added to isolated mitochondria ·\IF induced the release of c,·t Cand caspnse-9 The la1tcr finding suggest:. the possib1ht,· of a positl\e feedback loop(Sus1n l.'t "' 1999b) Thus like C\'t c, All seems 10 be b 1lunc11onnl. \\·1th bothoxidorcductasc and apup1ogcn1c funcllons (Cromp1011 1999)
2.2.1.J. �Ol\ PHO 11 I\ l FI IC tons 01· \JIOPTOSIS

•:• C..11lc1um ion (Ca1 
)

ratc1um ha� 1hc largc,1 !!rad1ent or uny chemical ncro,s the pla�ma n1cmbrunc of allhv1ng cells l"hc concentra1ion of cnlciun, ions 1n extr.icellulnr nu1ds 1s 111 rhe m1ll11nolarran�c ( 10-JI\I), by contrast, the calc1un1 10n conccntrauon 111 1hc cytosol 1s some 10,000-fold lov,cr on the order of 10·
7�1 lh1s large conccntrnt1on srodicnt 1� ma1nt:11ncd by boththe pa,sl\·c 1 1npcrmcnb1l1ty or the plasnui membrane tu calcium ions and by the act 1, c cxtru!1on 01 CRlc,um from 1hc cell Cl"hrbcr, 1990) J\ nmrl.cd ,1nd prolonged 111c.rc.i\c ,nC.i1 

1s h.irmlul to cell, hecau,c It leads 10 act1va11011 of calc1urn-dcpcndl!nt cn,yn,cshaving potcnllPII� Pd, c�c cnccl'I. such as lipase ('lrotc:a\es.  endonuclcascs nndphosphatase, Also cell calc1um over load can cause rnitochondnnl fn1 lure \\.'lllch ifnrc,·erMblc con lcud to cell dCllth (Kristian and S1c,Jo, 199!!)
l•xpcrimcn1s uuh:flng nom111all)· en>· •lrcc (2-S11�I) n1c:d1um nnd!or intra. 01 e,tra­,.;clluhu Ca: chclators showed that 111crca�cs uf I C\i' could h.-s11h p11marll) fron, ,nnu,
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fron1 the extracellular space, redistribution from tntracellular companments, or from both1nnux and red1stnbut1on (S,vann c:t "', 1991 Smith et c,/, 1992) 11.ormnll) IC'a2 I 1 slightly controlled 111 the range or  lOOru\J and 1s regulated by  tran�pon S) �terns 1n theplasmalen1n1n (Caraloli, 1991 ), the 1ni1ochondnn (Gunter and Pfe10cr, 1990) and thecnduplasnuc re11culun1 (Gill et al 1989) Regulatton of [Ca· J, can be nlTected b,pnn1ary or sccondal) 1nternc11011s 111volv1ng each of these three main rcgulatol) s� stems(C'a1,1foh 1987) and clcvatton of (Co� I, arc related to further 1nllux (Putne) and Otrd,1994. Rondrtnrnan1pi10 and 'I s1en 1993 Berridge 1993)
�htochondr,a moduln1e the free cy1osohc calc1u1n conccn1ra1ton during nnd tollo,, 1ngintense nc11vn1ion of cnlc1un1 conduc1anccs 111 plnsn1a membranes (Friel nnd Tsien, 199,t.\\'hue and Reynolds 1996 \Vh11c and Re) nolds, 1997, \\ ang and Thayer, 1997) \tsteady state. there 1s a balance bct,vccn 1nOux of Cal acro:;s the m1tochondrtalmembrane \ luochondna start to accun1ul,11c calc1un1 when the cv1osohc calc1un1conccntrntton 11\Cs over a "set point" (about SOOn�I) (Gunter and Pfeiffer, 1990) Each1ncreamen1 (:"\1a1n1a1ncd) 1n resung cytosohc [Ca I ):!tve� r"e In ,t propon1onnlh t,1rea1crincrease 1n munchondnal 1Cn2 I un11I ill ,1bou1 I l�1�l c,·10,oltc C,11 

muochondnalC'a2 o,ctlo,td occurs (the mttochondrial Cs1 contenl tend\ 1ow,1rd\ 1nfin11,·) (�1cholls1978) 

I he mitochondrial outer membrane 1s bcltc\'cd to be freely permeable 10 ion:. andmolecules up to SOOODa , \\lule the inner membrane I\ lightly scaled to all tons but tbrthe prcsc:ncc of spcc1tic transporters 1l1c uptake ot Ca· into the m11ochondr1,l1 nuunxunder phv51olo1ucal cnnd111on� docs not depend on A IP hydrohs1s but rather on the111 c,encc of ,1 so called "C:i1 

u111pu11cr (presun1abl� 11 lllllcd channel) llnll the drl\ 1118llucc ,s pro\ tdcd h\ lhe ncgi11tvc (111 the 11111t11x) n1cmhr::inc potcntrnl scnernted h� the1cip1r111or) chain 1110111111 nnd R111u10 2000) I h1J uptake 1111:ch.1111,11, scr,cs 10 supponCa -�n)1l1,c 11111ochondn:1l cn,yrnc\ such .i the key regulutor) i·n,) n,c� ol u,idntl\c 
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2 

n1ctabohsm na1ncl} pyru, ate dchydrogcnasc, oxuglutaratc dchydrogcnasl· and 1soc11ra1cdchydrogcnase ((,oldstonc l'I "' 1987) and acts as a 1ncchan1sm for rcrno,,11 of (Ca: I,f'ron1 local 11rcas of the cell Ca· elllu'I: from m11ochondna 11110 the C} tosol occur:, , ,a atleast hvo c1,ncren1 mechanis111s
The Na - dependent Co

2 eOlux ,vhich probably has a sto1ch1ometf) of 1 \a Ca2
( Pfeiffer I!/ al, 200 I) and is therefore clcctrogcn,c and favoured b, thetrnnsm11ochond11al n1cmbranc potcntml This seems 10 be a don11nnnt Ca1 cfllu,n1cchan is111 111 skeletal n1usclc ncr\'ous systen1. heart and endothchal cells (Scdova &.lllaucr 2000, I hayc1 t'I al, 2002) 1'11c Ca' c,trus1on through the :\:,1 Ca

1 c,changer 1saccon1pan1cd bv the accumuln1ton of n1atnx Na which ,� then e,tn1dcd b, the '\n 11 e,changer lhus co1nplc11ng the C,11 cycle and restoring 10111c gradients ( K,1llan l'/ al,
2000) 

'Na • independent Ca· 

sto1chiomc1ry or nl I

cnlux 1s probablv directly coupled 10 11
Ca· 

entry \\'llh the 
\\·here n 1s probably ·2 (Pfeiffer ,:1 al, 2001) It ,i,,a�de111ons1rn1cd that tht) exchange: plays a �•sn11icnn1 role 111 hver and �111ou1h muscle111 1tnd1undr,,1 (lh:rnnrd1, 1991)) It " a 11on-elcctrogcn1c c\ch,tnger present oho 111 kidneymllochondria \\lh1ch bcha,c:, 11s an ac11,c Ca

1 
1211 exchanger (Gunter 4•t al , 1998) Cn1

could al,n he u:lca�cd from n1 11ochondrio throu!!h the pcnneob,1 11,· 1rans111on pore (Pl P)(llll.Luto ,:t al 2000) I he I' I I' 1s 11 channel located 111 lhc inner n1c1nbrane ,, h1ch coulclbe a palh\,'ll) for Cal 
emu, front the n11 1ochondr1a ((iun1cr , , ,,/ 2000, Srna1h t'/ "'

2000) It ,s believed to ha,c both lo1v-,1nd h1gh,conduc1once �tntcs {Ucrna1d1, 1999)
C)pcn,ng of the lrtrge-conductance PI JI ch.inncl 1s cnh.1nced by a rcduc11on 1n \i;irn, nnd 1�Mtmulnted by elevated ma1nx (C,11 I ond 1ncrca�cd 1nn1nx pll Since 1111, happen� dur ingca2 o,crlond, 0 large conductance mode or the PTP ch,1nncl 1s therefore, thought toc ,ninbute 10 the collnpsc of .'iip1n anti relcine of m11ochondri.1I l�1c1or� ihai tnl!itcr apoptoSt\ c yio�ohc c o1 hns 111:cn proposed tu pl11) 1111 tmponnnt Hile In the tr•!!!:crtng 01
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apoptot1c 11tnals 111 the rcgula11on of cell death-specific enzvmcs such as cndonuclcascs(l\lcConkcy & ()rren1us, 1997)

Recent studies have sho,,n that C',12 \lores 1n the endopla,1111c reticulum ma) pla\ t1 role111 apop1011c 1nduc11on, �111ce a reducuon of Ca2 release from the endoplasmic ret1culu111can prevent n111ochondrial d,unaµc f·ndoplasm1e ret1culun1 Ca2 release can ,ilso sens1111.c1n1tochondna to release cytochrome C. and pro-apop1011c proteins such as Bax and ll.ikhave been suggested 10 play a role 111 1l11s process (Nutt l'/ al. 2002) Calc1un1 signalshave been idenuficd as one of the mnior signals ,vhich con, crge on mttochondna tolngger the mttochondnal-depcndent pal11,vay of cardiac apoptouc cell death (Pachcr l'I
11/. 200 I) C'urrcntl> 11 1s 1101 clear what roles Ucl-2 fi1mrl}0 members pin} in Ca� s1gnaltng during cell death Sonic 1n,·c!it1ga1or, hove ,ho,, 11 that they pin) a modulntol'}role, srncc o, er e,prcss1on of these pro1c1n� can chnngc Ca· concen1ra11on 111 the t} tosolor 111 the tntrnccllular stores

, Ovcrc,prc,"oo of Bcl-2 ha, been rcponed to prevent r.i release fron1 the cndoplasm,crc11culu111 111 response lo apop1011c inducers such o� 1hapMgnrg1n (lloO\• •. , "', I 99J) 
Also. it ha� been sho,vn that over c,prcss,on of Oax tn cuhurcd cells caused n loss ofcndopla,nuc reticulum content (Pan .:I t1/ 200 I) lll1d ho\ also been assoc101cd ,v11h Cn'
31,8nnling and rroroga11on 10 m11ochond11a It •� po�\iblc th,11 1BuJ induce� o �clcctl\c:pcrrneab1l1,-;1l1011 of the outer n111ochondnol 1111:1111>,anc 10 lnosuol 1ripho�phn1e-1nduccd
m11ochondriol (',l

1 
- s1g11nhng (('sorda\ l'/ t1/ 2002) l 111� change n 11111ochondnal

permcab1h1y n11gh1 be related to the 11lid-1nduced remodchng nf 1n11ochondr1ul �1n,ctur1:
that e\'okcs a n1ob1hz.i11on of the C}'tochrome C ,tore, (Scorrnno c:1 "' '.!00:?)
ca1 

1� the funda111e1111il PI pore ,1c11v111or 111 oln10�1 all repon, 111 lhc htcrRlurc, \\llh theonly cxcepuon being PI pore opening 111 Mnglc 1mmob1hLcd n11tochondn11 induced brtnlramituchnndrtally generated reactive o,ygcn s11cc1cs (1 luscr ,., a/ fC)9R) In1ram1tochondnal Co2 aCll\'Dlc:s the: PT pore: b) b1nd1ny to lo,, nll1nth MIC\ 1 c 11:d
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25µ!\.I (,\I Nasser and Crompton, 1986) and 1ncrcas1ng to k.d 200µ\I 1n the presence
of ADr (I lalcstrap et al. 1997) Since 1ntrnm1tochondrtal free Cni 1s norn1all}
ma1ntn1ned bclo,v I 011tvl II is clear that severe mitochondrial Ca2 O\erload 1s needed for
po,c ac11,a11on \\'hen hasal (res1tng) cytosoltc free Ca2 rtsc,, the n11tochondrtal Ca2

cycle ,vould be  expected to produce 111nochondrtol Ca1 overload
Rc�ung C) tosoltc [Ca ) increases during 1schacm1a. and increases further and moreubn1p1ly on repcrflis1on ,vhen 1111s 1s associated ,vuh 1nJur> These chungcs ha, e beencx1ens1vcl> docu,ncntcd 1n pan1cular 1n heart and brain (Chc1n nnd I nglcr I 990 Piper ,:t
al . 1991) Cytosolic free I Cn1 J 111 ,,•hole organs such as heart con be measured by iur,.
mm of the Co2 

indicator 5-fluorob1s-{O-am1nopheno,}) ethane ', "-: '\ 1.�1• - 1c1ra­acct1c acid (' SF-BAP I 1\") (Steenbergen ,:t al 1990)

In pcrfu�ed hearts the rise 1n Ca2 beg ins \\'hen about ,,�o third of cell ,\TP has beendepicted, and rcllects the failurt of Ca' pun1p, in the pla\lno men1brone and5arcopl11,n11c rc1tculum as the cy1o�hc phosphor.·l011on potentml fall, Intracellularac1diticn1ton (from lactate) also contnbutcs, h>· le.1d1ng to increased 1n1rucellular �a (pli1sn1" mcmbr"ne :'lln /11 c'(changc)and conscqucnl I� t mpni red plos1n11 111cn1branc�a /Cat c,changc This becomes pronounced on rcrcrlus1on \\hen the acidiccxtraccllul,1r nuid 1� \\ashed out leading to hii.th pll grod1en1 ncross the pla�mnmcrnbranc (Schol,. and ,\lbu,, 1993)

In earl)' stage.\, the nse in the res1tng cytosohc free [Co� ) tn 1schncmrn (hcan) or nnoxin(isolated mvoc,1c�) 1s promptly rc�tored to IO\\ phv�1olol(rc11I level� 0111cpcrfu"onlrcoxygena11nn 1ndica11ng that the r ise ut (Ca2 I riretedc) cell dc,11h (,\lhlurcrt ul 1987 Stcc11lic1gc11 ,., 11/ 19CJO f\11\aln ,•/ nl, 1'>92)

C nbbold and co-"orkcrs (,\llsh1rc ,., u/ 1987), tl\1ng card10111,ocv1c\ ln,idcd Withacquonn a, Ca1 1nd1ca1or rn11dc the 1mponnnt ob�cr.ilt1011 that rco,vl,!cnatiun onhrestores lov. r•"llng cytosolic fC'n1 I if II cruu:al hmtt ol I 211\J (' l 
�• 

• a is not C\cccdcd
60 
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\\ hen cvto,ohc free [Ca1 I rose above 1h1\ hm11 during ono,1a, then rcoxvgcnation failed
to re-establish C,i2 hon1e0Ma111s, and cell death ensued I his lim,1 1� remarkabh close tothe set point the resting cytosolic f Ca· ) that produces mnochondrial Ca2

• overload,\uggc�ting 1h01 1n1tochond11i1I Ca2 overload and Pl pore ac11va11on mav be aprecond1 11011 or this forrn of cell dea1h (Crompton, 1999)
C),idntivr S1rr,s

h has been suggcslcd 1h01 rcacuvc o;,cygen species (ROS) plav an 1n1ponan1 role inapop1os1s ,,nd several groups h,l\'e sho1vn 1ha1 molecules th,11 \llmula1c formn11on ol ROScan rcsuh 111 apoptos1i. (I lcnsler t'/ al 1999 Kelso l'/ u/, 200 I) and a procc,s 1nh1b11ed b\an110,1dilnts ("-oren l'/ al �001, Chrcstensc 1!I al, 2000) 01hers rcpo11cd producuon ofROS by o 11·idc range of apop1011c stimuli (Ru11 <'I al 1997 r,11 and Jones 1998,Gottlieb l'/ "' 2000 and Shnuhan .:t ul 2000)

L ndcr nonnal condiuons. electron lranspon 1n the m11ochond11ol rcspiratol) chaincreate, bo1h a II • grod1cn1 across the inner n111ochondr1ol n1cn1br ,1ne :ind on electricalpntcn11al 1hc 1ns1dc or lhc m11ochond11a being ncgo11vc Dunny thl\ process ROS ,Ucproduced up 10 5% of the o,ygcn rcducctl 1, convened b)· comp le, I 10 �upcro,1dc (0 (Cadenas, I 9K9) It 1s knO\\ n 1ha1 the l'TJl can he induced b\ ROS rrnbnblv due 10 d1th1olcros�-hn�1np (Ko1\iilto1\'sl.:1, 200 I) 'lnus, increased production of supcro,1dc favors lhcactl\allon uf a 11111ochondnnl I' I rorc

It appear� that this pore cnn act al leas1 1n 11vo diO"crcn1 level� or conduc11111ce andrcvc, �,b1ht) ,\1 lo\1 le\'el of conductance, the 1'1.ll''J pore opcn1n!! IS rc1 crs1blc nnd doc\not c111111I a J.1rgc nmpluudc s\\ clhns of nutochononul niatn'( nhhough 11 doc, Cilu�c 0cullap�c uf the ,IJ)m (lchns and :\la1,11, 1998) ,\1 h1!!h level of conduc1nncc the \ll'Tpore opcrunlJ. ,5 1rrc,cr�1blc und lead� tn 1,irgc ampluudc !o\\cll1ng of the niuochondrialmatr1..: During this c1en1 cyt c and the apoplO\IS 1nduc1ng foc1or (Alf•) nrc rclcllsl'd fiom
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nutochondna ( Kantro\v and J>1ontados, 1997, Sustn t!/ al. 1997 Zan1za1n 1 t:/ al. 1997
and Kluck 1•1 al 1997)

At high o, ygen concentrations, the d1m 1n1shed availab1l11y of reduced cofactor, of the
respiriJtOI) chain and a high \9111 tend to 1ncrea\c the nutuchondnnl r.idtcal forma11on
,vh1ch 1s sub�t,111t1ally enhanced 111 the presence ol defect!> ,vulun the resp1ratorv chain
('I urrcn�. 1997) Supcroxide 1s produced by nutochondno due to a s,\ nch from the
norn1al four-electron reduction of oxygen to a one-electron reduc11on (Cat and Jone�,
1998 Skulachcv. 1998} The rnnochondnal-dcnved ROS arc ,·nal not onlv because
n11tochondnal respiratory chain component� arc prc-.ent 1n almost all cukayot1c cell�. but
also because ROS produced 1n mnochondna can rcad1lv 1nnucncc nutochondrial lunc1ton
\\llhout having to cope \\llh long d,nusiun 11mes from the c\•tosol (I 1 1•1 a/ 2003) l \,o
sites 111 the respiratory chain con1plcx I and compel, 111 ha,c been suggested to be the
111,11or RO\ source\ ('I urrcn, .111<1 Ro,crris. 1980 I urrcn, ,., al. 198S I urrcn, 1997)
Biucd on s101ch1ome1ncal calcula1 1on�. supcro,1de ,va, ,ugqcsted as the pnmar) Jlroduct
,vnh hydrogen peroxide as the secondary product (Cadenas L'/ al, 1977)
Superoxidc 1s converted to ll1<h by supcrox1dc d1sn1u1:isc resident 1n both 111tn1ccllular
and cxtra�cllular co1nponc111� (l\l.1rklund, 1!>�8) ll101 re,1dil) d11li1 ses across cell
1ncmbrancs It has been shu\vn lhilt J>cro,1dcs induce l''I pore upcrunu 111 1soln1cd
rnt1uchondn,1 1no, 1dcd C::i 1s present, pcro,.,,dcs alone arc 1ncllcc111rc (C"ru1n111011 <'/ al
l9tl · (ru npton und Cu�II 1988) fhe rcqurrcmcnt tor both u,1d,1 111 \tress 11nd ro for
fl I pore opening 111 isolated 11111ochondria 1n1rihes n s1n11lar dunl rcqu1remcn1 1n-v,vo
llus quesuon has not been addressed, but pcrux1dc- 111duccd o,1datl\c ,trc�s ,� t\picall)
av,oc1atcd \\'tlh C:i'' over load (N1co1cro ,·ta/ 1992)

Oxid.1nt-strc!>�·lnduc1.-d pore opening 1s rc:.id,I)• reversible fhus, pore 1s lull) re\ l.'r�cd 011rc,toruuon ofnnmtox1n (C'romp1on nnd 1\ndrccv11 199)) l\h1ochondria Inc!,. c:nnla�c nndthe 11,01 " reduced b\ <,SIi (glu1a1l11onc pcro,,d,l\c) (C)lat'sdo1 11r nnd ltc1.'d, IC)!iS)
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():,c1da11ve stress could be enhanced br the ox1da11on of GSl l and pyridine nuclco11dcs through the scqucnual acuons or glu1a1h1onc peroxidase, glutath1onc reduc1asc andP)rid1nc nuclenhdc lransh,drngcnnse (N1emcncn <'I al 1997) From 1h1s II appear, tha1pore ac11,a11on 1s  probablv 111cd1a1cd vm ox1da11on of the GSll :-..i\1)1>11 or i\,\DJI pools I arlv report� sho1\cd 1ha1 the contplc-< I inhibuor rolcnnnc und the cornplc, hc1 1nh1b11or,an11m}'c1n1 could �1tmula1e M1pcro-<1de and hydrogen peroxide forn1a11on onsubmuochondrial particles ('I urrens & Uovcns, 19110 Turrcns .:1 al I 91!2)
l'\l11uchondna respond 10 1lus n1d1cal induced oxida11vc s1res5 1111h I defined an110,1dan1dcfcnsc sys1cn1 enzy1na1ic an1ioxidnn1 sys1en1s (m11ochononnl super oxide d1sn1u1nsc andlhc glu1a1h1onc redo;,; \ystem) (Rod, et "'· 1991) If the Cnl)·1nn1ic scavengers arcc•d1aus1cd, another n1orc po1cn1 mechan1sn1 1nk1:� place n1ild uncoupling mediated b)uncuuphnu pro1c1ns (Skulach1:1, 1998) II tl11� s11ll dues not \\ork and thcr1: 1s prolongc.'do'-tdi1t11 i: stress such thill a c1:rta111 L\1pn1 decline 1s reached due to rntld uncoupling, areversible opening of the p1:rrncab1l1t) 1rans111on pore (PTP) Clln occur
I 111� procc,s increases the pcrmcab1lit} of lhe inner n11tochondr1.1I 1ncn1br,1ne fur solutesup to I 'iOO l),1 and results 1n o n1uch grca11:r d�'Crcasc 1n 0�111 than during the 11re, 1ous�lcp� f·urthcr prolongation of ox1do11vc \Ires, u,uull)· result 1n an irreversible fl r poseopening ,,hen Q(,11111 is complctel� d1ss1patcd and o,1dn11on uncoupled fron1phosphorylnuon (,\TP syn1hcs1s �tops) The ne-<t step 1s the start,nµ po1111 of upop1011cprocess, ,f a sufficient number of m11ochond11t1 fullo\\ this path ,111d release C.Yt c( Skarka and Ostadal 2002)

.2.1,-1, \IC)Rl'IIOI OCIC' \I. C'IIA1'Cl'S DUIU \C \POPI OSIS

I he procc,s ol Jpopto�,s involve� so1nc rnorpholo!!1cnl ch.in11c� (I 1g 2 11 ), and though 11
wa1, thou!!ht ,nl11ttll)· 1ha1 0111} nuclei but not cytoplosnuc urg,incllc� unde1go m.iJorniodific:iiion� (Kerr,., al 1972), large C\'tdcncc.-. ha\c hccn 11ccumula1c<11ndicottng thatall ccllul:u corupurtrncnts n1c concerned wuh the m1tocho11d11,1 being earl) aOi:ctcd(l·t111 nnd Krc1c111cr, 200 I)
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Fig 2.11: Schematic dlagnin1 or lhc morphological changes In apoptosb (1\,1111.

aibns. org, rerrlcYetl l\1a rch 27, 2008) • 
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Some of the n1orpholog1cal changes charac1cr11cd during apopto\ls arc listed bclo\\ (I) Phosh,t11dvl \C11ne cx1crn:il11u11on (II) ,\ggrcga11un of compacted chrorna11n 10 the \\'all
or nuclc:1r mc,nhranc (Ill) <'}loplasm,c shrinkage (I\') I oss or 1n1crov1ll1 and gapjunctions {\') Nuclcur frai1mcn1ntton and d1spers1on lhrough C}toplasm (\'I) apop1011c bodies {vcstclcs) (cytoplosmtc blcbbtng) arc lbrmed If 111 v11•0, the bodies "bud oil:"d"pc, se and arc phagocy1osed (I 1nc1 1998 and I lack er, 2000)
It 1s 11nputta111 to note that although apop1os1s refers 10 charac1c11sttc morpholo�n.v,1rte1ton can occur depending on s1tn1ult the energy status of the cell nnd itsen, tro111ncn1 (111us1 cxtremch ,,, ''"'" or 111 1•1tra) and though the range or morphologicalchange, "h1ch can be cnllcd ,1pup1os1s rnuM be hnuted (b> dclin111on) 11 1s a spectrumand 1s broad enough to cncornpas� obscrvn11uns such a� n1t1och1111dnal c,clus1onobserved hv C'luu et al 2000 nnd su�gcsted 10 represent ,1 novel rnodc of cell deathI. Phosphntid) l�erine {PS) �:,1ernnlitntion:

In non-apop1011c celh, phospha11dylscnnc (PS) 1s found 1n the inner h:allct or the plu\111a
n1embrane 1'11e cxtcrnal11ation to the outer lcanc1 t\ ,1n early e\cn1 111 .ipoptos,� PS
c\tcmal11a11on n1ay be a signal 10  phagocytes. although this hns been sho\vn not 10 be 1111
absolute rcquirerncnt for macrophage rccognttion PS nets a� n pro co-agulnnt on ellcct
that 1s rcvc scd \\hen tt 1� bound to ,1nncx1n \' ,\nnc,111 \' 1, used to 1den111"y cells (I lllCl.,
I OQ!I) 

2. c·� tophi�ttllc Shrin lu1gc I he shnnk;igc'condcnsa11011 or the c�to�ol 1s presurned 10
rcwh lio,n ,, ull:r cffiux po,srbly accompanv1ng K and Cl los\ thruugh ac11,·iucd
channels 111 the plama n1cmbranc, ilhhough the dctoils of 1l11s n1cchan1sm have not been
l!luc,dated ( I rump ilnd Uere,csk)', 199S) One po!is1b1lity u that rncrca\ed ICo1 I induce
acti,.11111111 of c11

J• • dcpcnilcnt chloride channel� cs111bh\hcd a� 11n 1mportn111 nicch.11115111
flit cell , nlun1c rc!(ul1111un 
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J. < ell junr1io11 changes: these include separation of gap Juncuons leading to dccreast.-d orabsent cell-cell commun1ca1ion and n1od11ica11on of dcsmosomes resulting fromn1od11ica11on or 1n1err11cd1ntc filnn1ents all due to increased (Ca1 J, Such d1srup11on ofJunctions uficn results 111 remnrkable �hape changes 1n the cell as \Yell as mod1fv1ng trans-cptthehal transpon propcn1cs (T111mp nnd Ucrc,esky 1995)
4. c·)loplJ1,n1ic hlrbhin�: In apoptos1s, the n1orpholog1cal changes 1n,ohc C)toplnsm1c blebb1ng, nuclear chroma11n clun1p1ng and condensed mitochondria 1n the early pha�c Inthe enrly rc\'crsiblc phase of npop1osrs one of the most obvious cellular ch11nl(c\ rs theformatron of C) 1opl11sn1ic blebs th111 oflcn form raprdl) at the cell surface (N1cotern, t'/al. 1986 I cn1os1crs ,., al 1987 Phelps ,., al. 1989) Blcb lormauon 1n, olves altered1n1cract ions of c,1oskelctal clcrncnts ,, llh the plu\111alcm1na In �c, crnl cell IIIJUr>rnodcls, 11 has been ob�crvcd that blcb forn1allon o�cur� 01 a threshold of approx11no1cly300-lOOn.\ I I Ca1 J, (Phelps,., al 1989 Sn111h 1•1 al, 1992)

lllcbs an apop1os1s cun1a111 a ,·aricty of organelles such os rn11ochondria l R andpcro,1somcs I he blcbs con1n1only pinch on· and dct.ich and ure la1er phagocvtost.-d byadjacent cells or sloughed oIT in10 C'<lracclluh,r space It ha5 been s11ccula1cd tha1 1hediscrup11on of the cy1o�kelc1al-membrane intcrac11on, induced by blcb rorrnn11on ,� dueto Ca -acuvatcd ncuiral protease degradation of cytoskclctnl men1branc-assoc1atcdiiroic,ns (Nicotera ,·t al. 1986, Elhgct ,., al. 1991 ). or to ea> nc11va1ct1 phosphohpascllcllvtt,· and rclc.isc or tauy nc1d� (l'ro,er ,., "'. 19K6) l'hc c.ilpa,ns compn�e O largegroup of 1�ocn,ynic, ,,uh .sl lca,1 si, dt)!lnct member, 1'111!,c protein, ac1 :i, mediator,or e:·al signal\ and ma) ac11,·u1c or modir, other pro1e1n, 1nclud1n� 1hnsc or ihcC)to,licleton :ind pro1cin k,nasc\ (So1do ,·t c,f 1994) Sonic or the aher,111on� in theconforn1ou,on of the cytoskclcton c 8 dcpolymcnLJllon of m1crotubulcs, rcsuh dar1:ctly,, s 01• (C,i1 J, ,,lulc olhcrs may result frorn c�> -ac11vatcd prate• c
,rorn increase 

.. , 
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dcgrada11011 of ac11n-b1nd1ng proteins, \\'hich ltnk aclln to the plasn1a n1cn1branc (Bronk and Gores 1993) 

S. Nuclear changes In early slagcs of apoptosis, 1hc cell undergoes n1arked cytosohcshrinkage and dcns1lica11on, ,v1dcsprcad blebb1ng of the cytoplasn1 and nucleus(I a\\ throp ,,, al, J ()9 J) and so,nc 1n11ochondn,1I condcnso11on These changes occur earlyand ,trc ussocinted ,,11h clumping ond dcns1ficat1on of the nuclear chrornaun !"his ,,assoc1otcd \Vtlh changes 1n the nuclear main, (1 e DN,\ condenses ,rnd n1ary1nntes 10 the1ns1dc of the nuclear n1e111brane I he 1nech,1n1Mn for these ch11ngcs 1s not 1.no,vn bu1 ma,be dt1c 10 cleavage of nuclear lamina and nuclear scalTold attachment factor (Line,1998), ,vluch normally appears to ,c"c as an ilCll\c sue for rcgula1111g  many genomicfunctions 1nclud1ng DN.-\ replication, gene lronscnp1ion and RJ\ '\ processing
fhnngc� ,n the nuclear n1a1n, can be dctccll-d b) sc, cral n1onoclonnl nruibodic�s111elud1n� those to (�t �IP) Nuclear mo111, pro1c1n nnd (l'\l '\I\) Nuclear \l11011capparatus protein (Cohen ,., al. I 992 , anµ ,., ul 11)92) ( hro1n,111n frag1ncnt anddepending on the cell l}pc and interval aOcr 111111a1ton ,1 O'\ \ ladder pattern n1ay be�cen 111 ilCI) lam,dc gel� resuhing from doublc·�lrandcd 1nter11ucleosomnl brcJk,(,\ctt\'atton of cndonuclca,c� 1ha1 prcforcnuall> de�rndl ON \ at lhc 1111cr11uclcosomal�ccuon is ii very chaructcn,11c cven1 of apop1os1s ( ,\rend, ,,, al 1990 nnd Cron1p1on
1992)) \\ hilc this paucm is readily induced 1n thymocytcs uOcr ,anous st1n1uh ,1ud1eshave sho,, n that DN,\ breakdown rnoy follo,, d1llcrcn1 po11cn1s ( ,\rends et al 1990,
l·n,,throp ,., 111 1991. Cicr,chcn,on and Ro1cllo, 1992, r:,,1ns 199J)

In \Orne cases the process proceed\ rnuch more slo\\l� ,,,uh 1111 ordered \Crt� of ch,1nges
8 \\·tth the lormntton of DN \ frngrncnt nf lOOkbp tho1 arc then deur,,ded to

C(11nmcnc:111 
., 

SOkbp and Ii null\ 10 10�10kb11 lnlubuors of the scrrne protease:� bloc I. the dugradiuron nfthe large frdl!tncnh In Mtll other case:�. other fonus ol l)N ,\ dcgr ndm 10n 11111 111, oh 1118�trnnd lircal-!s hnvc been sho1,11 to occur In spue of lh�· prnm,ncncc ol IJN \ dnnr,igc
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during apop1os 1s, I here 1s moun11ng c, 1dcnce 1ha1 1h1s ma> be a la1cr e�en1 bc..-cause 1 1 1sprccecdcd h, the 111orpholol(1c.. changes '.vlorco,er, 1nh1b11ton ofl)I\,\ fragmentation doc�1101 prevent cell death (Cohen , <'/ al 1992), and 1den11cal changci. can be induced 1 11nucleus-free cytoplasts (Rnrr . «!I al. 1993) Thus, ,vh,lc D'\ ·\ fragrncn1a11on 1s a comn1onfeature or .spoptoMs, cell death by 1111s mechanism can and docs occur ,v11hou1 11 (Naga1n,2000) 

2.2.2 '.I.F('HOSIS

\Jecrosl\. lhe second lypc of cell death is radically d1tli.:rcn1 from apop1os1s 1n almostc,cr> respect I he 1erm den,cs from lhc Greek kernel '\ecros" meaning 'dct1d' (\\llh ,tsense of d 1srnay), and refer� 10 the ncc1dcntal death of cells e,poscd 10 cx1rcn1ccnv 1ron1ncn1al or gcne11call> encoded 1nsull\ (\\'alkcr, c:1 al, 1988) lnJured celhundergoing necrosis display gross morphological and ul1ras1ruc1ural fe111urcs 1ha1 con1ras1sharply ,v1th those exhibucd by cells undergoinit apop1os1\ D1:a1h 1s 11ccon1pa111c<1 b}e,c1ens1ve s\\elling of the cell, d 1stcns1on of vanous cellular organelles, clun1ping andrandorn d1:grada11on of nuclear D"1 ·\, C'IClCnSl\•c plasma n1cmbrane cndoc> IOMs andnuiophag\ (llall, 1·1 "'. 1997, I crn & .  Kroc1111:r, 2001)

!'\ccros,s ,s gencrall} cunsulcrcd 10 be a pas�1vc 11rocc\s bccnusc ll doc, 1101 require nc1,protein s\nlhcsl\, ho., uni} n11111n1al energy rcqu1rc111cnt\ nnd " not •�·gulmcd b) i.lO\
homesiauc mcch:inrsm In hurnan\ nccrouc cell death occur, scncroll} 111 rcspon�c lo
-.c\crc changes 111 phys1olog1cal condi11ons 1nclud1ng hypoxia ischcnun, h}poglyccm,a.
loll.in exposure, to rencilve o,vgcn mctobolnc,. extreme 1cmpcra1urc chJngcs and nutrient
dcprrvahon (\Valkcr ,., "' I 988, N1co1crn <'I al 1'>9?) Sc\eral nturodcgencr1111,.csyndron,c\ and Jisc.ucs, )Uch .is i\llhcnncr', dise,1sc, Hunungton\ <l1sc.i�c. 11.trkin\on sdiac..'ltM: ,niyotropluc l:11l'ral sclerosis (Price <'/ ul 19?R) and cptlc11,) also ,n,olvc
n�-crosis Nccro�,5 aOi:Ct.\ a sroup of cells r,11hcr lhnn 111<.II\ tdual, n, 15 lhc �.i,c dunng
apopto\1S Ci\laJno and Jon, l'J95 I c11n, 1998) 
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It 1s charac1en.1cd by a d1sn1p11on of 1he cellular membrane and a s\vclhng of 1heC}loplas1n and m11ochondr1a c,1rly on \vluch culn1111a1e 1n 1hc comple1e. d1s1ntegrat1on oforganelles I he process ends \Vllh total cell l,·s1s 01ochcn1ical features of necros1\include lo\s or rcgulr11ion of 1011 horncostas1s, randon1 digestion of DN ,\ and I)\:,\fragn1e111atiu11 a Ocr lys1s Severely damaged cell� do not form membrane-bound , es1clcs(Apoptouc bodies) and thus release their cellular contents \\h1ch include pro1colv11ccn1yn1es This norn1ally results 111 1nflammator,· reacuons \\'ilh oedcn1a and darnagc 10surruund1ng cells ( \dcrcn1 and Undcrlull 1999)
2.2. l>lFFt:Jll'N{'l:S Uf. I\\ l l \ Al'OP"l OSIS .\'ID NF.CROSJS

\\'h1lc an ,1c11ve pan1c1pn11on of lhc oflcc1ed cell, oficn 1nvolv1ng cl,• 11n1•0 pro1c1n,ynthc,". chnrac1cr11cs ilJJOl>los1s necrosis 1s a pass,, c and dcgcncrat1,·c proccs� l\ccrosis generally rcpresen1, J cell's response tu !!Toss lllJUI)· and ,� frc<1ucntlv inducedb} an O\ er dose of cytntox1c agents f'he early e, en1 of necros" 1, 11111ochondrml �wellingfollo,,cd by rupture of the plasn1a mcmbronc ,1nd rcl<?ase of cytopl11sm1c con\tlluents.\\h1ch include proteolytic enzymes Tl11s procc�s 1ri1,1gcr\ an inOanun�tory rencuon 1n lhetissue ond oOcn results 111 scar fonna11on Dr-; \ degradauon 1s not so c,1ensivc during
necro�,s ,15 111 the case of apop1os1s, and the producb or dcgrada1ton arc he1erogenou, 1n
\lie 1101 lurming an, d1\crctc band� on clcc1rophorc11c 1:1cl\ ns do lhosc of apopto�"
(\V, lhc I 992) 

I he ,na,n d,tfcrcncc, bcl\\ccn ,\poplos" .ind Nccro", arc sun111111111cd ll<?lo\, 111 tahle
(2 I) and ligurc: (2 12) bch11, 
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TABLE 1.1: TABLE SHOWING THE DIFFERENCES IN APOPTO IS AND 

Nl:CROSIS. 
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""",rochc,com .. rctnC'C\I �\arch 27, 2008.
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Fig. 2.12: Con1p11risn1 or the �1orphorloglcal Ch11oi:e3 bcrntto Apoprosu aotl

Ntcro,i, (WW\v. 11lbns. org., l't'lrl�ctl, �1arcb 27, 2008). 
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!.J. n•:sc·n11• 110\ OF 'I'll F RI Pnonuc ( IVI � ,s If ,1.

!.J.1. 111 r 'I I S I I "i 

I he lc,tcs (rnalc glands) 111 all mamn,als arc parred encapsulated, \Old organs consrsung 

of scmrnrfi.•rou\ tubule� separated by 1111cr51111al tissue Their sizes ,ur> ac conlrng 10 1he 

�pccrcs In rodc111s and ungulates, lhey can be as much as one pcrcenl or more or 1he 

hod) \\ e1gl11 In hun1n11 and sonic apes. lhcy arc cons1dc1ably �n1allcr (I larcoun ,., al,

1981) 

t.J.2. r II r rr11>1 o,," 11s.

The ep1didyn11s ts an cJCtrc1ncly convoluted struciure ,vh1ch rs closely annchcd 10 1hc 

dors,11 pa11 or the ln1cral surface of 1hc 1cs11clc (Setchell, 1977) It 1s on e1Tercn1 route 

lrnm the 1es11s (duc1uh nncrcn1cs). ,vhrch has n lortuou\ can.ii II c,1cntb front 1hc 

anterior 10 1hc posltrro1 ol 1c,11s and " held 10 II lirn,lv b\ connc.::11, c lls,uc� It 1s filled 

11110 �cgments dcn1,1rc,1tcd h, conncc1i, c ll�suc \Cpln and the argon 1s con1,1111cd ,v11l11n 0

fibrou\ IISSIIC capsule (0) C)'ellll, 2000)

I he segrncnl rnttl \\'Inch d11c111h cncren1c, c1n11 1, rs c;rlll'd lhc 11111101 scg,ncnl\ :ind 1hc

remainder of ihe epididym1s i s  loose!} defined 1n10 1hrce pans vrz, 1'11e e-0pu1 (I lead),

corpu\ (Rod\·) and caudal ( I ail) cp1didym1s ,\n altcrna1ive subd1vrs1on bo,cd on

hisiologrcal and functional crrtcrrn hn\ been propo5ed ({,lover and Nieander, 1971) The

� d d d d d 110 11,,cc pons 1n11ial, middle nnd 1crrn1nnl ,egn1cn1\ lhc 1 11111,il•PI I \ 1111� I� I\ I C II 

d d nrnnnly conccr111.-d ,v11h �11crn1 ma1ura11on \\•h1lc lhc 1crm,nolan 1111 die �es111cn1� nrc P 

5Cgn1en1 rs \\ here I c ma u h I red spcrrn arc ,1orcd prior to CJt1culn11on or vo1dancc 11 110 the

urine In cc11a1n rodc111, \UC , " h II• rat laroc accumulation or li11 surround the pro\lmal

(< lover ond �,caruh:r) Chnn11c, occurring rn ,11crm dunno1eg 1on� or the Cpldld� 11115 I O 

be 11 corrclaicd \�11h 1hc: function ond 1111cgrr1y or thc IC\lcicp1d1dvn1.il m1grn11on hnvc c 

ancJ lire cp1d1dym1s (llao, 1971) 
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J.J. 'I 111: SI \11:\,\I \•SI( tJ:S

fhc �cm1nal vesicles arc paired, by shaped glands 1n n1an, stallion, rat and guinea pig
although the 1111crnal surface mar be thro,vn 1n10 an intricate system of told to form
irregular d1vcrt1cula In  other mamn1nls such as the bull, ram and boor, the seminar
, C\lclc, consist of cornponcnt glandular tissue ,1rranged 111 multiple lobes and con1a1n111g
a .,,.Me111 or r c1m1ficd sccrctor, ducts (.\.1nnn and \Vi Ison. 1949)

.J . .J. II IS 101 ()(, \ OF 1111: :\I \LI' RtPRODl'(' r1v1- SYS"( L \I.
2.3.4. I. 11 ISTO I Ot. \ 0 F 'fll f fFS1'1S

n,c I cs11s 1s a double gland urgan that ha� both c,ocnnc and 1.:ndocrinc lunc11011 The
c,ocnnc product 1s ch1cny the sex cells, and thus the h:stts ma) be referred 10 as a
C)'togen1c gland, ,vlulc the endocrine product 1s an internal secretion by ccno1n
,pce1nlt1ed cells The testis I'> suspended ,v11l11n the serotun1 o1nd 1s 1n1mcd1a1elv
surround1:d by the tesllculnr capsule, ,vhich 1s con1posed of three layers,, 11

,,. I he outer l,1ver ur 111n1c,1 vnginalis

,,. I he 1n1ddh: l,1ycr or 1un1ca ,1lhug1nca

,,. I hl· 1nncnno,1 l,tycr or tunic:i vnscullis,t

1 he l11stolo�> or nonn�I tc,u� is sho\\·n in Fig 
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clVlty of lh• 1unlca vaglnells

1unlc1 albugln••
convolu11d 

••mlnlferous lubulea
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- - --- .-..-::-,p- ... ' lf
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.. 

... - ... ' •"" t . ..  ' ) • . . . . .. . 
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Fig. 2.13: lliltology of Norn111I IC'llls {W11ca1cr's Funcllonnl Obtnlogy, 2006). 
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• 

The tunicn vusculosa 1s an extension of the 1ntcrs1111al ussue cons1s11ng of blood vessels and s01ne leyd1g cells 1n a loose connective tissue, \\·hich extends over the internal aspectof the tunica albug1nea and covers the septa and therefore, all the lobules. The ulbugineaItself consists of fibroblnst and bundles of collngens but in some species, there is anappreciable number of smooth nluslc cells In the region of the tesucular artery. there ,irea lot ot n101s1 cells, \Vh1ch may release vosonc11ve n1atcnals that 1ntluence the bloodvessels of the teslts (N1stral et al., 1984).
,.l.4.2. 111S101 OG\ 01• 1'11F Ji;PIDID\ J\11S.

I ho: co111prch1;11s1 \ c 111�1olog1cal descnpllon of the. ep1d11.l}1n1s has been cumcd out 1n the
r:11 (Fi 11. 2.14 l This desenption subd1v1dcd the ep1didym1s into bet\\·cc:n six nnd eight

� 

h1stolog1cul zones. I he ep1d1d}mnl cprthcltum 1s complex 1n lhat II cont,1111s a \'anc1y of
cell types each cell type varying as a proportion of the tot:il popula11on :11 different points
along lhe duct. The predominant cell type 1s apical sterocilin, 01hcr cell types are apical
cells. basal cells, clear cc:11s and halo cells (in1r:icp11hcltnl lyn1phocy1e) (Reid. and
Cleland, 1957}
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Fli:. 2. l4: Profile or the ductus epldldymidil (Wbcatcr's Funl'llon:il Hbtology, 2006).
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2.3.S Sl'l· R:\l I\JOJir110Locv

2.3.S.I. 'IORl\1 \L SPl•,lll\1,\ £0ZOA IN ANll\1,\LS 

�lorphology relcrs lo the shape and structure of the spem1. ;\ nonnul-look1ng spenn has
,111 o,at head and 11 1011 seven lo fificcn tunes longer than the hend (Fig 2 15) On a sen1cn
analysis, 1n ,vh1ch spcm1 1s looked at under the microscope. defec11ve spcnn can be
1dent1ficd by lheir large heads or strange tails (kinked, doubled, or coiled) Spcnn
rnorphology ,� rou1111ely evaluated as part of a standard semen analysis. The results of
spcn11 morpholog)' indicate the. percentage of spcnn lhat appcor nonnal \\hen sen1en 1s
, 1c,, cd under lhc 1111eroscope Abnonnal spcm1 morphology may be a contribu11n8 factor
1n 111li:rt1hty Morphology may be even more important than count or  1110111ity 111
detcnnining potcn11ul fertility a5 abnonn.illy �hupcd sperm cells cannot fcrtililc an egg.
Abou1 60�'u or spenn should be  nonnol in size and shape for adequate fcrtiht)' The
perfect structure 1s an oval head and long 1ail (,,..,v1\ healthc:iremag1c.com, 2009). J 0%

abnomiality ,s allo,ved for breeding animals, values above this moy 1ndic:itc infertility in
animals (Reece, 1997)
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._lead 

Neck 

Middle piece 

Toil 

Fig. 2.15: Normal fut spcnnotozo:a

hllp://\V\V\Y. vivo.colos1D1e.cduJhbooks/p.11hphys/rcprod/scmcncv111/morph.html, rctricvctl
June 13, 2011.
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2.3.S.2. SPLR:\tA·roL.O,\N ;\8NORJ\IALITI ES Ii\ \Nll\1 •\LS.
Spcm,ato,oan 11bnonnaht1cs may be class11icd as head, body and 1,111 defects Blom ( I ()SO) have class, lied these three ,1natom1col groups of sperm cell abnormalities into t\\·olunhcr groups, os pnn1ary fom1s 1hu1 occur due to disorders of the scm1n1ferous orl!Cnn,nal cpilhcliun1 and as secondary fom1s that occur afier they hove lcfi the germinalcpithchum, during their passage through the n1esonephric ducts, dunng cjaculat1011 ordunng man1pulo11ons of the ejaculate ,vhtch include excessive agitation, over-heating, too
mp,d cooling, due to the presence of ,valcr, unne or an1tseptics 1n the scn1cn c.t.c (Blom,
1950) In (1973). Blom class,licd the abnormnliues as primary and secondary or major
and minor sperm defects \\h1 le !\loss et al, ( 1988) have clnss11ied these defect� into
11nn1ar}. 5ccondary and ten1af} or n11sccllnncous defcc1s crig 2 16)

• 

Spcnn:ito,o.in head abnom1ali11cs include 1n1croccphalac heads 111ocroccphalic he.ids,
douhle tiead� lonnated or narro,v heads pynfom1 or pear-shaped heads with o narro,v or

' • C � 

lapcring base, I\\ istcd and irregular-shaped heads, round shon heads, abnom,al
c1osomes { ·no c sp a k bb d ermotozoa) nuclear envelope 1nv11g1nat1ons (near equa1or).
ctac 1ed or free ea s uuc , .. , d I h d (r, mse��) detached gale3 cap111s and 11croson1c. TI1c lalter two

arc possible "secondary o no ., b m,31ities l\.facroccphohc heads w11h a broader than nom,31
, tests 10 probably be cell� ,,•11h u diploid chromosomeb�e hove been sho,vn by vanou., 

content (Gledhill 1965, Salisbury and Boker. 1966)

lo ,ics ma} be caused by the ro1tow111g.,\bnon11al spcm1.atozoa11 n1orpho S 

cscnt at lnnh (congcn1llll)I CShcular ub 11ont1ul111cs that arc pr · 
• I Jigh fc, Cl

• lll1c11 dn1g use
• u1c con,. 2009).lnf�'tltons (,, ,,.,, .hcaltbcarcmao 
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Fi1. 2.16: Dlag,..,n or ,1�rora1ozoan 11Jnnrn111ll1lc,c (Dion,, 1973).
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2.3.6. l\lALE 1NFERTIL11'Y TESTING.
2.3.6.1. SE'l\11.N ,\N \LYSIS.

h1vesttgnt1on of the possibility of mole infcrtl111y involves the use of results fron1 anun1bcr of tests and factors Sonic common male factor infertility tcs1s ,vhich give1nformalion on ho,v ,veil a sperm cell has been produced ond matured, as \\'ell as ho\\ 11 1n1cruc1s \\ llh the scnun.11 nu1ds include:
I Sper111 c-01111, Also rcfcrrcd to us the conccntrat1on. lhc sperm coun1 is a mcasurenicn1of ho,,· many million spenn cells ore prescn1 ptr milliliter o f  semen. On average, spermc1:1l count should be abo\'c 60 n1ilhon/n1I.
2. Spcr111 1110/il,ry· - Sperm motillly or mobility is on osscssmen1 of ho,, \\'ell the spermcells n1ove, ideally at  leas1 50% should be nctivc.

3, Spcr,11 111orphology: The shape of o spcm, cell is nlso quue 1mporton1 when it conics 

to fcrtiht}' \Vhcn exnmining spcnn's n,orpholoKy, the sperm cells will be c,nm1ned under

a microscope for certain lnuls. Sperm cells art: classified 11110 Nonnul-oval shaped

tapered, amorphous. duplicated and 1n1mn1urc. Nom1al spermatozo,d must ha,•c an oval
10111 1 ,, uh sn10011 con , I lour an acrosomol cap cnco111pass1ng 40-70'l-u of head, no
J nurru,1h1) of nud piece, or 1 b la I and no C)'loplas1n1c , acuolc:.s of 111orc lhan holf of 1hc

d · should be about 5 6 µm s 2.5 7 5 µ111 Strict cntcria for
spcnn cell's head, ·r he hca size 

sperm ccll 's morphology include: 

Sperm cell's head! smooth o,o con 
• 

, 1 figurn11on, ,vilh length of 5-6 microns, width, 2.5 3.S

0 70o/. oflbc nntcnor sperm cell's hc:idmicrons. Acrosomc composes 4 - 0 

• \lid pit.:c o,ially :111:ichc:d aotl I umc 5 • 5 the head lengll,, < I µm in width 

lh In the m1dpiccc and uncoiled (\\'IIQ Laborn1ory
• T 

1· I tly tl11nncr . a11 straight. uni fonn, s 1g 1 

�h111uill, 1992).
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?.l(,.2, 
\Prc-1,11111>TFs·rs.

II niay also be necessary to carry out some or all of these spcc1ahzcd tests; I l'inhi1,t_1• This technique affords lhe analyst to sec ,vhich spcm1 cells arc nctually aliveand k1ck1ng (literally).
2 Post £jacufatory Vo/11n1e (PFJI) This test is done to sec ,vhether or not some or all oflhe spcm1 1s CJoculnted back\vords to the bladder. o cond111on kno,vn as retrogradec1ncula11on 

1 Fr11c10,·e Tl11s test 1s c.imcd out to determine nzoosperm10 cond111ons, ,vhcther spcm1is being blocked or  Just not produced.
-l �p,,11 lpe,·1111e11 1n sonic casc:5, then: could be low sperm count that no sperm cells arenot1ccd on the 1n11,ol tcst slide. Ho,vcver, sperm cells moy still be present in the eJaculntc.This test helps to determines if there 1s Dn)' sperm by sp1nn1ng do,, n the CJaculate sampleallo,ving all the sperm cells that may be present to separate and gather at the bouom ofthe tube.

2.3.6.J. SUPPLi;:l\J l��T \R\ TESTl�C. 

1111,spt•r,11 ""'' 01 /CJ o 

I I 
h I S me instanc.:s of mJlc 1nfcn1li1y can be attributed to Jnt,-

cnn Jnt1bod1c:s. This 1s an 1mm 
sp unologicol response whereby the mole's body n11.1cks the
Ptnn cells, 1n1pccl1ng fcrhht) 1n a • 

1 
, . v ,ncty of ,vn) s. TI1e ant1hod1es may prevent the sperm

Ccl15 from bc,ni able to  properly tru�c 1 1 tl rough O female'� cervical n1ucus.
.. li:.n,g(·r n1orphology. If 111orp O ogy 
, 

h I of sperm cells ,s found to be :i problcn1, a Kruger
. IJows for close c,runination of n spcm1 cell'� shnpe

l'llOIJ>hology test may be done, 11 3 

rm cell's head mrd piece oncl t�1llh,, evoluiltron involves c,aminul£ a �pc 

le cont31ns II lughcr than usuul number of wlu1c
l 117111c b/001/ rc•lls I( a iCtllcn ,11n1p 

bi 
a51 rnlCCUOII OOtl Cell�. 11 may 1nd1ca1c a P or possibly 1110on1mo11011, whrle snmc \I hue

., 
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hl<><>d orll, ,.,e expected to be fouod, , sample comaioiog m°'e 1h00 , mmooo WBCs "cons1dcrcd to  be problematic.
4 Fon,urr/ progrcss1011, The test 1s designed to evaluate ho,v much progress mo11le\pen,, arc ,thlc to make (\\'\V\\' shurcdJoumey.com). \Vorld Health Orgnn1zn11on ( 1992)class, lied II as folio\\ s.

0 

I 

I+ 

2 

J. 

3 

4 

No movement

lvlovernent, non for\vnrd.

Occns1onal movement of n fc1v sperm.

SIO\\' und1rcc1cd 

Slo\\ dircetl)', for\vurd movcn1en1. 

Fast. but undirected movement. 

Fast. dircc1ed for\vard movement 

Very fas1 for\vard mo\'cment. 

Ex1remely fast for\\'Ord movemcn1. 

(\\'l(Q L:iboratory Manual, 1992).

2.-1. LI VER

It normnlly weighs abou1 1,5kg It 1s u11 organ
The hver is the largest glund of lltt body

, under the diaphragm II has 1wo n1a1n lobes, lhc ngl11
1n lhc upper ,tbdorncn .ind fittint 

en ( Ft£ 2 17) (Chopr.1, 2002)hllc being much l:irgcr 1hnn lhe 1 
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The llvtr 

lfwr 

en, 
duct 

�rtel vtln 

llls,ettc •rterv 

Rtohl lobe 

lteP11lcvtln---

, 

C.llbleddlr ---1---:-
0loOdtnum --...li.-....::::..:._

i..n lobe 

I 

Pone,... 

Pig. 2,17: Anatomy of the Liver {Ll\'cr-nlkiptdla, 2008).

Of 

C.111n1 win 

Bnnch,r 
Pllrttl Win 

8nnchor 
1+--+-11epe11c

•rttrw

SlftUJotcb 

1111, cep111,r1.,
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• 

I 

• 

• 

• 

I 

I 

2.�.2. l•UNCTIONS OF THE LIVER

The v�nous functions of the liver arc earned out by the liver cells or hepatocytes.
The liver produce and excretes bile (n greenish liquid) required for emulsifying fins.
S01ne of the bile drains directly into the duodenum, and some 1s stored in the gallbladder,
• 

The liver pcrfom1s several roles 1n carbohydrate metabolism: 

,. Gl11co11cogc11cs,s (the synthesis of glucose front certain amino acids, lactate or glycerol). 

,. Glycogcnolys1s ( the brenkdo,vn of glycogen into glucose) (n1usclc lisseus can also do 

1111�1 

' C.l)cogcn1:s1s (the fom1at1on of glycogen from glucose)

The breakdo,, n of 1nsuhn nnd other hormones 

l'hc liver 1s responsible for the mn1nstay of protein metabolism 

The hver also perfonns several roles in hptd metabolism:

,. Cholesterol synthesis

,. TI1c production of triglycendes (fats)

e hvcr produces coab'll nuon • Th . 1 
. fnctors 1 (fibnnogcn). II (prothromb1n). V. Yll, T\'., X and

,. 
· S and anllthromb1n.,,I. llS "ell as protein C, protein

The li\'cr breaks do\\ n hacn1og lob111 creating rnctabolites that are added to bile as

Pl&rucnt (b11irub1n and b1hverdin) 

nd inost n1cd1c11rnl products 1n a process called lnc hver breaks do,,·n to:-.1c subSt3nccs 0 

drug metabolism. This somcumes res . ults 10 toxicollon, when the metabolite 1s more toxic

than its prc,cursor

Th · t urea c h,·cr converb ammonia O • 

·nclutlint gluco$c (10 the form of glycogen),Th d f substances. t c liver stores o n1ul111u e 0 

v11am1n flu. iron. nnd copper
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• 

• In the first tnmcstcr fetus. the hvcr 1s the mn1n sue of red blood cell production By the32 1 ,,cck of gestation, the bone n1arrow has ahnos1 completely taken over that task.I he h, er 1s rc�ponsiblc for 1m1nunolog1cal ctTects- the rihculocndothchal system of theliver contains n1any immunologically active cells, acung as a 'sieve' for antigens carried to 11 , Iii the ponal sys1en1.

• The liver produces albun11n, the mnJor osmolar component ofblOOd serun1. Currently, there is no nrtilicial orgnn or device capable of emulating all the func11ons ofthe liver S01nc functions con be cn1ulated by liver d1nlys1s, an experimental tre:itmcn1 forliver fnilure. (L1vcr-\Vik1pedia, 2008).
2.4.J. FUNCTIONS OF BILE:
h helps 10 einulsify and snponify fnts 1 11 the smnll 1ntes11ne b y  11s alknlis, 1n tins way thesurface nrca 15 increased and the action of enzymes arc increased.• It stimulates peristalsis in the intestine
II 

f Plgmcnis and toxic substances fron1 the bloods1n:o.m, such
is J chunncl for cxcrc11011 o 

as alcohol o.nd other drugs ( \Vatson et 111• 2000>·

2,4.4. DISEASES OF TIIE LIVER

mpilllied by Jaundice caused by 1ncrc.c,CIJ levels or

�tan, diseases of the liver arc acco ' 
bihrubin in the systen1 TI1is bihni 111 n:s . . b ults from the bn:nkur of lhc he 1noglobin or dead
1CU blood cells: nom1ally. the hver . rcmo, cs bilurub1n fron1 the blood and c,crc1cs it
through hitc

of the h,·cr, ea . 
used mu1nly by vunous \'&ruses but also by' Hepa11 1is, 1nOommo11on 

•·1lcohol). ou101mmu sonic poisons (e.g nity (au101mmunc hcput1lls) or hcrcduary
tond1tions. 

cclrunl 10 disease, 11ssoc 1u1cd w11h obcs1 1y ond• N hvcr d1seose, II sp 
1 

on-utcohohc fatly
I l'vcr: moy lead to hcp�tll1s j cb OU.lllCC 0 th.-inictcnzcd as nn ° u 

&lc.:itohcpalltts and/or cirrhosis 

f (al 111 l 1C I • 
' · 

,a,, 
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• C, nho,; s " lho fonnot,oo of fibrous u "" ;, tho 1; '"· rep Joo mg do"1 J h·« oells. Th,death of the liver cells can for exnmplc be caused by viral hcpatttis, alcoholisn, orcontact ,v1th other hver-tox1c chen,ienls.
• <'ancer of the liver (pnn1ary hcpotocellulnr carcinon1a or cholang1ocarcinomo andmetastatic cancers. usunlly fron1 other parts of the gostro1n1est1nal tract). • 

• 

\\'tfson's disease, a hercd11ory disease which causes the body to rellUn copper Pnn1ary sclcrosing cholnngit1s, an 1110an1matory disease of the bile duct, likely auto11nn1unc 111 nature.
• Pnmnry biliary e1rrhos1s, autoimmune disease of small bile ducts• Budd-Chinn syndrome, obstruction of the hepatic vein.• Gilbert's syndrome, a genetic disorder of b1hrubin metabolism, found 1n .ibou1 5°1. orthe population. 

GI d. , lype II the build-up of glycogen causes progrcss1,e muscle

• Ycogen storage 1sease 
, .  

1 ) Ill ou•,hout the body and uITects , anous body 111sucs,

wc.i.,nc:ss (n,yopat 1y r t." 

Part1cularly 10 the heart, s e k letal muscles hvcr nnd nervous system (Sherlock andDooley, 2002),
C 

Th. ondition can occur :11 buih (biliary atrcs1a) or develop

• hron1c Bile Duct Block:ige: is c 

. h · ) The cause of the laucr rcmo1ns uni.no,, n \Vhcn

later 10 hfe (primary b1hnry c1n osis 

anowcd and blocked, the cond111011 1s cnllcd
lhc bile ducts ou1s1dc: lhe hver become: n 

n associated with chronic ulcernt1on of the: colon
PllrnDr} sclcros1ng cholangitis nnd 15 0 en 
(coft1ts) (Steele er al , 2007)

• . 'llacrnoc:hromatosis: flcmochromatos1s is t c . . . h most comnion gcnc:uc hvcr disorder It 
11110hcs c�ccss iron storJgc an J. u•io�cJ 111 .idulls (G.1lhc:11,18e <'/ 11/., 200-I,)J 15 usu,111)' tu.,. 

117 
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• Co•hos;, os Ohe foomatioa of fibro,s """' ;, ohe 1;,.,, ,cploc;,8 dead h,e, ,,11,. Thed,.,h of Uo0 Ii '" "11 s '"' f o, e, ample ho '""' by ""' h ep,o; ,;, , leoholism "con1ac1 \\ llh 01hcr hver-ioxic chcm,cals.• C'nncer of lhc liver (prin,nry hcpotoccllulor carcinoma or cholongrocarc,noma andn1ct<1sta1rc cancers, usually from olhcr pnr1s of the gostrorntcstrnol trJct). • \Vrlson's disease, a hcrctluory disease ,vh1ch causes the body to relaJn copper • Pr11nol)· sclcros1ng chol,1ngitis. an 1110ammotory disease of the bile duct, likcl)· au1oi111111unc 1n naiure.
• Primary biliary cirrhosis, autoimn1unc disease of small bile ducts.• Budd-Chinn syndrome, obstn1clion of the hepatic vein.• G1lben's syndrome, a genetic disorder of bihrub1n metabolism, found rn about s�. ofthe population. 

GI d
. 

tvne II 'he build-up of glycogc:n causes progrcss1\'e muscle

• Ycogcn storage rscase .,r , 1 

k I ) h Ughout the body and nffecrs \'anous body tissues,

\\c.i ness {n1yop:11 1y I ro 

k I tal muscles. hvcr nnd nervous system (Sherlock and
pon1cularly 1n the heart, s c c 

Dooley, 2002).

' Chronic Bile Duct Blockage: Tlus con 1 
· d 1100 can occur at birth (b1liury atrcsia) or develop. . . . ) The cause of rhe latter remain� unknown \Vhc:n

lorc:r in lrfe (primary bi liary c1rrhos1s . 

rrowcd and blocked, the condition rs called
the bric ducts outside the: li\'cr becon,e na 

. n � ·iatcd ,vith chronic ulccr.11100 of the colon
· · 

d 1 s  o en ass.,., Pnrn.ir) sclcrosrng cholu.11grt1s .u, 
ltohtrs) (Steele et ul , 2007).

. . h 051 common gc:oe111: h\'cr disorder h 
• II 

h atOSIS IS I e m � 111ochromatosis· l lcn,oc rom 

d IS US0,111)' l,IWI 
1"10hci excess iron $toragc Jn d. o�cJ in .idulb. (G�lhcn;111c et 11/ , 2� )

w7 
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2.4.5. I '''FR FU�CTION TESTS (LFTs)
l.1\·er func11on 1cs1s arc scncs of enzyme ICSIS used lo asccna1n lhe ex1en1 of hep:11ic(hvcr) diimage c11her by inJury or diseases. These Liver func11on 1es1s eons1s1 of enzyn1cspresent in lhe liver and lhey arc of gre:11 chn1cal signilienncc The 1es1 sample is c11her aplasma sample or scrun1 sa1nplc collccled by phlebotomy. There arc differen1 lypes ofhver function lcsts, cxnmplcs are lhe 1mnsan1inoses (e.g alanine lmnsruninasc, asportn1clronsaminnsc), alkaline phosph111use, gammo-glu1amyl lronsfcrasc, S' -nuclco1nlase,,1 1·1a1c dchyJrogcnnsc un1011g 01hcrs (Kn1gh1, 2005).

2.4.S. I. AL1'u'llNE Tlv\NSAI\IIN/\SE (ALI')

,\lan1nc aminoirnnsfcrnsc con also be called Scrum Gluu1m1e Pyruvatc Trnnsaminasc(SGPT). Alanine anunoirnnsfcrase (ALT or SGPT) c,Hul)'scs lhc rc,crs,blc lrnnsfcr of-111no group rom arune • 
�-

Ii uJ · 10 11 kc1oglu1aro1c leading to the fonna11on of pyruva1c andI h h eoneentr:uions an the liver; lesser quan1111cs arc found an

g u1am:11c rt 1s presen1 1n 1g er 
h 

I cles (niury or diseases affceling the Liver causes the

t c kidney, hcan and skclcta mus · , 
release of A LT into lhc bloods1rcana I us c h lcvnling scrum ALT levels.

used by liver dysfunc11011, Tiu� en,ymc 1s specific
�10�1 ALT elevn1 1ons generally nre ea 

.15es lncrc�cd h::\'cls of AL 1 can signif)' U1:p,111c
,111J )cnsn1, 1: for hcpatocellular Jisc: 

1 .itills. hcpnuc 1un1our, cholcs1.i11s, hcpaio10,1c
nctrosi hcpaue ischcm,a, cirrhosis, icp 

b S m)ocnrdial 1nforc11011, puncrcat111s c.t.c
., 

d severe um • ul'\Jgs, obs1rue11vc: Jaun 1cc, 

T cololyl� the transfer of an u -anuno group from
!\Vorn1an 1999) I n  Ogurc 2. 18, AL 

. . 

' 

f II ls rei·crsiblc 111111s111111na11on reactton bcrng
I h roducts o 1 a aninc to u-Jcc1oglu1arotc, t c P 

D I 0., c:t 11/,, 2000)PYfuv.itc an<l glutamate ( at 1 0 
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I
OOH

CHJ- C- NH 
I • 
H 

Alanine 

COOH 
I 
C=Q 

I 
fH2

CH2

I 
COOH 

a- kc1oglu1nrn1e

Alanine 
am,notransferas 

Pyridoxal 
phosphate 

l,'i5:. 2. 18: Rcocllon of Ainu i11c f\ 111l1101ronsfcrnse 

CH3

b=o 
I 
COOH 

Pyruvnre 

Glulamllic 
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2.4.S.2. ·\SPART ATE TrtJ\NS.A�JJNASE (AST) h " •lso know" " Sorum Gl""m" Ox.loooct,e Trnnsomm,s, (SGOI J. A,pon,i,Jnunotran�fcrasc (or SOOT) catalyses the transfer of an11110 group fron1 �PJrtatc to u.�ciuglu1.ir.111.:, leading lo the fon11u1ton of oxaloace1ate and glu1nmntc. llus cnz)-lnc isfound 111 higher concc111r,111ons rn hcan n1uscles, hvcr cells, skele1al musclt cells, and 10 alesser degree 111 the kidneys, pancreas, and red blood cells.l)iseasc� or injuries lo cells of these tissues cause elevated serum levels of \ST ,\ST iscleaved from the blood 111 n fe,v days Serum AST levels become elevated 8 hours aOercell injury, peak a1 24 10 36 hours, nnd re1un1 10 nonnal 1n 3 10 7da)''S. If cell inJury 1schronic, levels ,v,11 be persistently elevn1e<l Increased lc\'cls of AST is diagnos11c ofn1yocard1al 1nfarc11on, hcpa1i11s, hepatic c1rrhos1s, hepa11c necrosis, drug induced liverlnJury, hepatic mctastatis, severe deep bums. skeletal n1uscle lmuma. pnmory n1usclcil1scascs(e.g,myopalhy, myosilts) Decreased levels ore s1yn1fican1 of acute renal diseases.bcnbcn, diabcllc �ctoac,dos,s, pregnancy, chron,s renal iliol):;1:; (L1n1d1 et al, 2003).
\ST •I I cco••ntlion of toxic hcpalllts wh1th results fron, exposure 10

u so a\s1s1s 1n car y r o · 

d•"u_• ,,,.ft h d choles1erol lol\cnng n1cd1ca11ons. Other disorders or
... .,, "" acc::1om1nop en nn 

d. . 
AS'I d t •nnina11on can be valuable include acute panc1"C<1111,s,

15t:a�es 10 '"htch the e e 

b and infectious mononucleosis The AST test ma)' be
llluscle disease. trauma, severe um, 
d 

r. ALT The ruuo or AST to ALT is somc11n1cs useful 10

0nc at the ante lime as a test ,or

f I• damage nnd whether the liver or another organ hns
diflcrcn11011ng bct\,·cc:n causes o ivcr 
been damaged Both ALT and A c 
20o.i :-.;)hlorn <'I al 2006)

Sr l vcls can te�t for h,·er d.unage. (l';yblom et al.,

2--IS.2 I ISOI-.NZ, \IF.S. 
T 

A artotc u11ns,1m1no5c:.llerc lire two l)()C:ll.l)lllC:!> of 5P 
·h eh derives mainly from n:d blood cells �nil

( 0 
I llCII/ )'IIIC \\ I ' I I the C)1oshe (solub e) is 

he.in 
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GOT 2, the n1ttochondriat 1sozyme \Vhich 1s predominantly present in liver. The plasrna conccntrat1on of n1itochondrial AST (mAST) 1s small (normolly<4U/I.)despite its considerable :ictivity 1n hean and liver tissues (ReJ, 1978). AST eatol}·ses thetransfer of an u:-amimo group from Asp:inotc to «;-ketoglutaratc, producing 0:1.aloacetatcand glutarnatc (Fig. 2.19) (Darling, et al, 2000).
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2.4.S.3. ,\LKALINE PIIOSPIIAT1-\SE (1-\LP) 
Alkalu1e phosphotasc;, '" '"''"" P"'""' '" !he oells of the biha,y d""'· I t  cotaly,., !hehydrolysis of o,g,nie phosphate moooeste� ot alkahne pH ,.c. n os '" hydrolasc '"'""'responsible for removing phosphate groups from many types of molecules ,  includingn11cleo11dcs, proteins. and irlkalords. It occurs n1n1nly 1n liver cells nc,t to bile ducts, and111 bone, l"he blood level 15 rurscd 1n some types of liver and bone thscascs The processor rcn10\'1ng the phosphate group is cnlh:d dcphosphorylatron As the name suggests,:ilknline phosphatases arc most cfTective 1n on alkaline environment TI1e op11n1al pH forthe acuvit}' of Lhc E colr enzyme 1s 8.0 (Garen, et n/, 1960) ,,hilc the bo\'1ne enz)mcOpti111um pi I is slightly higher ot 8.5. (Harada, et al, 1986).
Increased ALP is used in the diagnosis of rnrihrollvc diseases of the liver, bile due,obstructron, rntrahcpatrc cholcstns,s, pnmory or mctastotrc liver tumor. pnmary c1rrhos1s,

uS lltlc tumor O I lC On , J 

lllel• 1 · f I b e hypcrparothvro1d1sm Pagel'� disease. rheumatoid arthnt1s Decreased i\LP lc\'cls arc diagnostic of hypophosphatcnuu, malnutrition, perniciousancm1a, scur\'y. The S -nue co 1 
- , 1 t dasc enzyme con aid the d10crcn1ial diognos,� or causesof ALP clc ,•011011 (Palmer, 2004).

2.·'.S.·•. GLui·· \ ,t'\'l TR,\NSFFl�\S£ (CC1') 
., .. G,\1\11\1,\- ' 

(GGT) catalyses the tronsrer of amino n01ds and
Gamma glutantyl transpepudase
PCptides ncross the cellular mcm ran b 0 and possibly part1cipa1cs 111 glutath1one

r this cn2)me nre found in the kidney, spleen,
n1ct:ibo1ism, Tiu: hrghe.st conccntr.ihon o 

. . d Tiiis te\l i< used to detect hvcr cell dy:.func11on.
h�n. intestine br.un. and proSta,e glrui 

t n brltru;• obs1ruct1on Increased level� ,s
h IS the niost sens111,·e enzyme for dctcc I i, 

. irrho�I!!, hcpnllc, necrosis. ltcpaltc tumour.
11ld1ca1r\'c of hvcr diseases c:.g.( hcpilllllS, C 

•nc1�1nsis, hcpatotoxic drugs, choles111s1s, JU 
, unJ,cc), n1yocarJ1al 1nr.1rc1ton, .ilcohol

Gu r c a1.1lyses the rcact1011 be1,vccn(ol1four Cl :ii, 2000)•ni:es1 
d �cases10n. pancrcntrc I 

duce p·nrtto,uulltle und ganunn.d aiJycylgl)'CIIIC to pro Kalnrna.gtu1111nyl-p-n1tro unihdt Jn · 
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glu1an1yl glycylglycinc. The increase in absorp11on al 405nm . r. II d 1s ,o O\ve 1n a zero orderreac11on .ind IS directly propon1onal to lhe enzyme ac11v11y.

L- ·glu1a1nyl-p-ni1roan1hde.,. glycylglyc1nc GGT 
.,. L-LI-glutomylglycylglyc1nc �p-n11roan11ine (Suisz. 1969)

GG I ls involved in glu101hionc metabolism by transferring the glutam)·I n101c1y 10 a\ �ricty of .tcccp1or n1olcculcs 1nclud1ng \Valer, certain L-nmino acids and pcp11des,lta\1ng the cys1e1nc product 10 preserve 1ntracellular homcos1os1s of 0\1da11, c: .stress(Schulman et t1/,, 1975, Yokoynma .. 2007).

GGT 1s involved in lcukolricnc metabohsn1 (Roulf er al.,198S) GGT 1s found on the cellsurface on all cells, \Vllh particularly high conceotra11ons 1n the liver, bile ducts, andkidney, The cnzyinc is  also present 1n other !Issues, such a:. the:. cp1d1dyrnis. The. GC, 1
present in scnun appears 10 originate primo.rily from the hcp111ob1lary S)'Slem. and itsactl\ ny 15 elevated 111 nll fonns of hver dise:,.ses GGT 1s n1orc scns11ive than ALP 111dc1�hng obstruct1\'e JOundice. cholangills, and cholccys11s1s, High lc"cls ofGGT arc: ,rlso
stcn ,n h h , pnn,an.· or secondary h\'er cancer Increased le\ tls arc also

Pilllcnts \\ 11 ell er , , 
-, 1n sera o heavy nn,_e u-..11 f d .. rs or patients wuh alcohol c1rihos1s. In po1tcn1i. receiving

1convu1�an1 dn1gs sue 1 os p 1c a111 
1 I n)1oin nnd Phenobarb11nl, 1ncrcnscd levels 01 the cn.tyrne

knlm moy rcncc1 1nduct1on o 
10 - f O new enzyme ac11v11, and the toxic cfrcc� of alcohol

tures 10 liver cells, llnd Other dnigs on microsomal struc 
I itivc cnzymic ind1ootor of hcpalobihary disca_�e
11 sumn1ary, GGT 1s the most sens 

, .tlucs a.re rnrcly found 10 the presence of h, er disease,
""11ilable :11 present; nonnul

inung to d1scnm1nate bc:h,cen d1rTcrcn1 londs or
llo\\cvcr, GGT rs of hlflc: \'aluc ro o11c:n , .  

1 oz}me .ire :.c:co 1n c:n�c:, of skc:lc!ll'll d1sc:.1�e, 10
11\t'T dt�C.15CS ·�om1.1l1 lc,·cls of I le e 

th•ldrcn older thnn one yc:ar of ogc: on 10 d hc::illh)' pregnant women (con1l111on� 1n \\ hich

•}4 
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ALP is clc, atcd). Thus. n1casuremen1 of GGT levels in serum can be used to ascenainwhether observed elcva11ons of ALP arc due 10 skeletal disease or reOcct 1hc presence ofhcpatob1har}' disease (Ten,, 1987)
2.S BLOOD 

l31ood ts a spec1ali1.ed bodily Ouid that dchvcrs necessary substances such as nu1ncnisand oxygen to the body's cells and lrnnspons ,vostc products a,voy from these same cells(\Villinms et n/, 1989) Jn vertebrates,  ii is composed of blood cells suspended 111 a liquidcalled blood plasmn ,vluch compnses 55% of blood Ouid and 1s mostly \\acer (90° 0 b)'\olu1nc), Plasma contains dissolved proteins, glucose, mineral ions, honnoncs. carbond10,1dc (plasma bc;ing the m:un medium for cxcn:LoC) produc1s· lransponauon), plateletsllntl hlood cell� themselves (Ganong. 2003) The blood cells prcscn1 in blood arc n101nlyred blood cells (also called RBCs or erythrocy1es) and ,vhnc blood cells, 1nelud1nglcukoe}'tcs and plotclcts. The niost .ibundanl cells in venebrale blood .ire red blood cells.
lhc�c contain hc,noglobin, an ,ron-conta1n1ng protein, ,,Inch fitc1hta1cs trnnspor1011on of oxygen by reversibly binding 10 this resp1ra1ory gas and greatly 1ncrcas1ng its solubility 111blood.  I b d idc 1s almost en11rely trunsportcd e.,troccllularly dissolved

n contrust, car on 1ox 
10 Plasma � bicarhonate ion (Alberts, 200S)
81 

- d I b d)' througl1 blood vessels by the pumping action of the
Ood 1s circulated aroun 11c o 

h • rt rial blood cames o,ygcn from inhaled air 10 the
c:in In onunals ha\'1ng lungs. a c 

blood camcs c.1rbon 1.ho�1dc:, a "'1.itc prul111c1 of
llssucs of the body, UllU 'cnous 

m the tissues to the lungs to bt c\haled �lcd1cal tcm,s
lllctabohsn1 produced by cells, fro 

or  /,enioro- (also spelled haen,o- w-11.I hne111nro-)
!'tinted to blood oflcn begin ,villi /u:n,o·

µu (l1tlltlltl) for "blood" In tcnns of anaton1y and
frorn lhe Ancient Greek ,,·ord a

filed form or COMCCll\'C IIS.SUC, l:ll\'Cll "' ong1n in
histology, blood 1s considered .;i srccto 

1 molecular fibcrs tn the fom1 of libnnogcn
the bones IIJ'ld the presence of potenll3 

l�h1nul(lcr, 2004)

,,� 
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2.S.l.
FUNCTIONS OF OLOoo 

BIOOd '"PPhcs oxygen, nutrieni, (glucose, Ontino odd,, ond fotty oc;d,) to ,;s,ue, ,ndrcn10,cs \\astc (carbon d10>.1de, urea, and lactic acid) from the same. It hasin1n1unological functions (1nclud111g c1rcuJ01ion of ,vh11c blood cells and de1ec11on of fn,c;gn ntatcrial hy  ontihod;o,), co,gulnt;on functoon, (wh,ch " one pon of tl,c body,sclf,rcpair mechanism), messenger functions (including the transpor t  of hormones nndlhc signaling of tissue damage), regulatory func11on on body pH (the normal pH of bloodis in the range of 7 .35 • 7 45 covenng only 0.1 pH unit) and core body tcmper.iturc(Shmukler, 2004). 

2.s.2
CONSl l'rUENTS OF BLOOD

Blood accounts for 70/0 of the hun1nn body ,ve1ght (Alberts, 2005), ,vith an averagedcns11y of upproxiniatcly I 060 kg/mJ, very close to pure \\ atcr's densuy of I 000 kg/in),l he a d I I I lood ,·olume of roughly S Ille� ( I 3 gnl), con1poscd of plosmo

, vcragc a 11 1 1as a > 
Jnd l ,. f 11 ( �sion·•II, called corp11sclc.s), these fom1cd clc111en1s of the

sc, era "Inds o cc s occ.. .. " 
bi d d bi d cells) leukocytes (white blood cells), nnd thrombocytcs

oo arc erythrocytes (re oo 
( I 

red blood cells constitute obou1 4 S'\o of "hole blood, the
P a1elets). By volume, the

II bout o 70,. (Shmukler 2004).
Pla�m:i nbo111 'i4 30,0, and ,, hue cc s 0 

2.s.2.1. RED BLOOD CELLS OR F:R't'1 IIROCY-rEs 

ranges from 4 7 to 6 I 1n1llton in mole 11.nd from
'lhc red blood cell or erythrocyte counl

Is m.iturc red blood cells l,1ck a nucleus and

4 2 lo S.4 n1illion in fcn1nle. In n,onimo 

I blood's 1cm 
0rsanc11cs They con1a111 I it I 081obrn and dis1ribu1c o\ygcn The red blood

lls ond other cells) urc also marked h)'I I I \ c:.�cl cc Cc:11\ (IO�clhc:r \\ 1th cnJ011e tJ 

. d cypes The: propon1on of blood occ11p1c:d by
Sl)'coprotc1ns that define the different bloo 

., 1 und ts nonnully ubou1 4S, ,. The co1nb111cd
r 

s the hcmatocn ' Sl b IOOd CCII> I' "f cnc<l ,o ' 

body wool<l b. ro, Bhl y 2,0()0 'into, u
•urfncc area of all red blood c ells of the human

cc (Robert, t'I r,/., 2006).trc:-J1 as IJ1e body's c:xtc:nor :.urlo 
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Fig, 2.20: Histology of the Red Blood Cells (El') tbrocytcs) (Ganong, 2003),
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25,2.2 \VIJITC BI 00D CEl LS OR LFUKOCYTES '''" ,.,, '"""' 4,000 l l  ,000 leukocy1e,. Whu, bloOd een, ""' pan of eh, omm""' sys1cn1, they destroy nnd remove old or aberrant cells and cellular debris. as , ,en nsilllack infcc11ous agents (pathogens) and foreign substnnces. The cancer of leukocytes 1 scalled lcukcnua (C.,nnong, 2003) The live types of ,vhite blood cells produced by  themurro,v are sho,vn belo,v 111 (Fig. 2.21) o.nd they include.' "ieutrophils: These are the most nun1crous ,vh11c cells, compnsing over 62%. The> arcthe lirs1 10 auuck an infcc11on, and thus some doctors ,viii count the nucirophil level ns\\ell as the total ,vhitc count Ncu1roph1ls tend 10 g:llhcr a1 the site ofinfcc11on ,vhich m.iyappca1 red or feel ,vnnn, such as ,vuh a fever (Costanzo, 2007). ' Eosinoph ils: These cells react 10 allergies ond hurt the foreign bodies (anllgcns) beforethey can hun us (l\llonenscn cl al. 2005).
,. Uasoph lls: These arc the rarest ,vlutc cells. They release his1in1ine, ,vhieh 01tr.ic1s theer \\ 111c cc s 1 0  t 1e 1n,ec ... · 

0111 I II I r. led �-en They also produce heparin \\luch dissolves clotsnn 1s used 1n  pons 10 prc,cn1 ne,v 
( d . clots) (Shuster cl al., 2004 ). 

,. L 
1 . light ,nfcct1ons but also pro,.ulc in1mun11>· 10 ceno1n

) lllphocyte�: These do not on > 1 
J �Jsc� TI1e:sc: cells produce I e on 
2007) 

h ubodies that ore so important to h fc (Cos1an10,

11 nfier the infcc11on has been killed and clenns

' �lonoc� tcs: This Inst type goes into an ore 
. d (lvlortcnsc:n cl al .• 2005).up lh� debris and dan1agc left bclun 
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Fii:. 2.21: \Vbitc blood c.:clb In a fielc.l of red c.:elb.

<Top left) Monocytc, (top ccntn:) basophll, (top right) plotclcts, (bo11om left) t\\'O

neutrophils, (bottom right) lymphocyte ond cosinophtl, rcspccttvcly (Go.nong, 2003)

99 
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2.5.2.3 PLt\ I El�ETs Ort fll RQ(\J BOCY'(ES
The,,"" •boui 200,000 500,000 thrombo,ytos. Thrombocytos, •lso oall,d pfatd,� . .,.responsible for blood clot11ng (congulalion). They change fibnnogen into fibrin Thisfibnn '""" • mosh 01110 wh;,h ,ed blood ""' <ollcot ond clot, wh"h then stop, moreblood from le.,ing the body and also holps to """"' baot,n, from •nt,nng the bod>(Ganong, 2003) 
2.S.2.4 PLASl\lA
About 55°,o or "hole blood is blood plnsn1a, a Ouid 1h01 is the blood's hqu1d mcdiun1,\\hieh by itself 1s stra,v-ycllo" in eolor The blood plasn1a volume 101als or 2. 7 J.Olitres (2.8-3.2 quarts) 111 on average human. 11 1s essentially an aqueous solutioncon101n1ng 92°/o \\'Oler, 8% blood plasma proteins, and lmee nmoun1s or other n1otcnnls.Plas111n eirculntcs dissolved nutrients, such as glucose, amino acids, and fatt> acids(d"solvcd 10 the: blood or bound to plasn1u proteins), und rcn1ovcs \\'lisle products, suchas carbon dioxide urea, and lactic acid Other 1n1ponant components include scrumalbum,n, blood clotting factors (to focihtnlc coaguln1ton), 1n1n11moglobuhns (an1tbodies),h""p · 

· 1 · tlier proteins nnd vnnous electrolytes {mainly �odium and
.. v ro1c111 part1c cs, vanous o 

chloride) ( \\ 1lhams et al .• 1989).
2,S,J. fl Ei\l;\ l'OLOGIC,\L DJ�OIWl!.lts 

2.S.3. I. ,\ NE!\ 11,\ 

111Su0ic1cn1 red cell mass (anem1a) can. be the result of bleeding, blood disorders like
, nnd may require blood ltiln�fusion. Se\'cr.tl

thalasscmia. or nutntionul dclicicncrcs. 

d iind for 1n111�fusable blood ·\ person rceci\'ing
countocs have blood banks lo fill the em 

e compo11blc "1th that of the donor (Aus11n 11nd
,1 bloOd lransfiJs1on n1us1 ha\'e 11 blood t)1l 
Ptrl:111s, 2006)

,nn 

•
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2.S.3.2. DlSOJlDERS 01• CELL PllOLIFERAT ION l �Jl.cn11a 1s I o 1 ·  • gr up o cancers of the blood.fonn111g tissues Noncancerousoverprodue11on of red cells (polycythcm1a vera) or platelets (csscnt1al thromboe}1osis)may be prcmalignant. rvtyclodysplastic syndion1es involve ineffective production of oneor more cell hncs (Shuster et n/., 2004).
2.5.3.3. DISORDERS OF COAGULATION
Hcn1oph1ha 1s a genetic i llncss that causes dysfunction 111 one of the blood's clottingmeehan1sn1s. lh1s can allO\\ othenv1se inconsequen11al ,vounds to be lifc·thrcatcning, butntorc conunonly results 1n hen1anhrosis, or bleeding 11110 joint spaces. "hich can be:Crippling.lncITect1vc or insufficient platelets cnn also result in congulopathy (bleedingc.hsordcrs),HYPcrcoagulable state (thromboph11in) results fron1 defects 1n regul1111on ofPlatelet or clotllng factor function, :ind cw1 cause lhrombos1s (\Vilhnms et al., 1989)2.S.J,4. INFEC1'10US DISOROFRS OF 0I OOD 
Blood 15 an ,niponnnt vector of 1nfccllon. HJ\', the virus, ,,·h1ch causes AIDS. islr-.insmutcd through contact ,vith blood, semen or other body �ccn:uon� of ,in 1ntcctcu
Pers H d C lransn1111ed prin111nly through blood contact O,v,ng to

on epnt1tts B an arc

bi 
d b eels arc treated as b1oh111JnJ� Bactcnnl 1nfce1ton

oOd-bomc 1nfect1ons. bloods1111nc O � 

f . cpsis Viral Infection is VU"Cn1u1. Nl:it:ino and
0 lhc blood 1s  bnctcrcm10 or s 

·tic infections (Dominguez rt al, 1981}
11')llanosom1a.sis lll'O blood-borne porns, 
?.s,4_ IIF:i\t \TOI OCIC\I r \�\!\lfo'.TFRS
2.S,4, I. \\'I 11 f1£ UI 000 CEIL COUNT
h 1• the number of ,, hllc blood cell cou • nt 111 1 cubic 1111lhmc1er of whole bll>Od ,\

,cl of infection 111 C\pcnmcntaJ ratl 01 111.1y relate toclccrc;ul.' 111 \\ HC count sho,,:. l01, le 
· blood cell rcsult111�· from to,,c rcac11on, 10 

$ 
• 

f the 1vl111curi11rcss101 f th produc11011 ° 1 0 c 

·hitc blood cell coun1 (Sch�lrn rt 11/, 1975)' b incrc,ise in " u stances, nnd vrcc vcr.a for 311

In I 
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•:• l.F.LKOCYTOSIS

,\hoom,.\ly h,gh nun,bo, or wh;,o blood <oils (loukooi1<s) ,n ,h, blood ""'"'"•on,defined as mo" than I 0,000 leukooytos pc, oubio m;JJimoJ,o oCbJood Loukocytosis ismost commonly the result o f infection. It mny also occur after strenuous exerc ise,convulsions (c e., epilepsy). emotional stress. anesthcsia, rhe adn1inistration ofcp1nephnnc, pregnancy and labour, and lack of oxygen (ns in the enrly phases ofatlaptatton to high altitude). Leukocytosis 1s nlso observed 1n cenn1n parasitic1nfes1a11ons, 1n1oxica11ons (metabolic or ehem1eal), chronic diseases (e.g., lcukem,n), andull"'rg,c rcac11ons (Chcesbrough, 2006)
,:, LEUl<OPENl,\

l.cukopenin 15 characterized by leukocyte counts thnt arc nbnom1nlly IO\\ (below 4,000r cu 1c 1n1 1metrc . 1 e • 
Pc b II. ) L.k lcukocytosis ,,•l11ch is usu:illy due to nn increase of

- lly 1s due to n rcduc11on 1n the nun1bcr of

ncu1rophtls (ncutroph1lin), lcukopc:1110 usu.i 
ncu1ropl11ls {neutropcn,a). 1tse , 
. . 

Of .. If ncutropcni:i causes no syrnp1on1s, but persons ,vnh
I . vc frequent and severe bacterial 1nfecl!ons.

ncu1ropcn1a of any cause nla)· la 

1s an acute disor er c , .. d ha�ctcrizcd by severe sore throa1, fever, and
. me reduction in lhe number of oeutrophihe

fllarJccd fatigue ossoc,ated "'1111 extrc 

ranee lrom the blood (Chccshrou�h, 2006),

kranulocyic� or even their complete d,Sappeo 
2.S,4 2. P \CKED CELI \'OLUI\IE (PC\')

1515 of red blood cells PC\/ measure.\ 1he
llus is the fraction of ,,·hole blood rhat con) 

blood cell in \\/hole blood s.implc 110cr
P«:rt of packed red �tage by  volume

I e indicates that 1hc test animals arc notnckcd cell vo um centnfug1111on An increase 1" P 
(\\ ymc nntl t!d,",irds, :?003).

llll 
dicauon o eitl1c, 11 may rather be :in 111 f POl)t)'1hDCllllD 

2.s ., 
ou1N r a:-.�,.-r

.,.J. l l,\l·.\IOGL 
n one dcc1htcr of wh11c l>IC10d andJobin 111 grJnlS 1 h ... 

f hocmog 

. . 

-.. c:isurcs 1hc nmount O 

•
• of rctl hlooll cells I lcmogloh1n is

Provides IUl c.stin101e of ox)•gcn carrying copacll)

In') 
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mom,"J by """• a ';'",I eompa,;i"" '"hmq"' H,moglobon "'"" "' "P«"'<l in
grams per lure (g/1) or grants per dce1 htcr (g/dl). 2.S.4.4. PI ,\'rELE1· COUN1
Pl,tol� ts uwo I vod , n blood dotting. An '"""'" , n pi otolet oo,nt •ho, Id l<ad to , "'"'"
1n bleeding anti dccrcasi.: 1n clotting lirne (Chcesbrough, 2006)2.S,4.S. r�r,;o BLOOD CELL INDICES
Red cell 1nd1ccs most frequently usctl rn tJ1c rnvestrgotron of anemio ore:' l\lEA� CELL IIAEi\lOGLOOIN CONCEN'fllATION (I\ICIIC)I he l\1CHt. gives the conccntratron of hemoglob1n rn g/1 rn I lure of pocked red cells. Itrs c.ilculatcd from lhc hcmoglobin and pocked cell volume as follo,vs,\fCHc (g/1) I lb (g/1}

PC\ (I. I) 
' �IE \N CF.I l IIEi\lOGI OBI'\/ (I\ICII)

'1'1. 'ICI f l  oolobin in picogroms (Pg) and is cofculotcd thus;

• nc "' I grvcs the amount o 1cm o 

l\fCH (pg) I-lb {gill

RBC X 10121l ' 
\ft \N CF.LL \'OLUi\rF (i\lC\'). 

vidcs ,nfomiotion on red cell size It is n1casun:J in
rJic rnc.u1 red cell volun1c (�!CV) pro 

PCV and RBC. counts as follo,vs, 
fcnro1r1rc (0) :ind 1 s  dc1cnn1ncd front lhc 
'1cv <OJ .ec, ui11 

, I a/ 2000), RBC X 10
12

/L. (B:i .. erc 

. � 
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2.6. 111!) I OP \TI I O LOG\
Hmopothology (compound o f  th,ec Gre,:k wo"'" mo; hostos "tt"uc", •cif/o;; Pathos
"d"""·s•fknng". •nd ·Ao,;a -logm) ,ofc,, to the mio.oS<optc cxomm,tton of"""' m
o,dc, to st •d y the m,m fost,i ioo, of d ""t"· ( H ostopathol ogy-W, lciped, � 20 I o ) .2.6.1. C'OLt FC'TIONOFTISSUES
lhstop,thologieo l  c,om;n,toon of """" st•ns with s,,gcry, biopsy, o, ••topsy The
tos•tc " 'Omo '<d from tho body o, p lont, .,, d then pi O<ed in , fi """'' w h"h s1ob, Ii,.,th, """" to p,ovcm decay The most commoo """" " fonnoho (10% fonnoldohyd,in \Vatcr) (li1s1opalhology-Wik1pedia, 2010).
2.6.2. PRCP,\J�TION FOR UIS1'0LOGY
The collected I issues arc then prepared for vie,\'1ng under ,1 1n1croscopc using eitherch"n1,·c I Ii Ii cti'on Chcnticnl fi'-allon involves lmnsfcning the samples

� a 1x1111on or ro1cn sc 
to 

d . d 10 allov, reagents 10 freely net on the tissue inside).

a cassc1te (a contn1ner cs1gne 
11 

I · le baths of progressively n1ore conccn1ra1ed ethanol,

Its C:lS$c1te 1s immersed 1n  mu lip 

b 'oluenc or xylcnc, and finully e,1rcmcly ho1 hqu1d

10 dchyurate the tissue follo,vcd Y 
hisualfy paraffin) 

. m \\'ill replace the ,va10r 1n the tissue, turning
Dunng the 12 10 16 hour process, par,, 111 

. ciblc ivllh paraffin, a type of 1v11.x TI1is process is
son, nto1s1 tissues into a sample mis 

cd ussues arc tnkcn out of the c:is�euc and set in
kno,vn us tissue processing. The process 
a 111old TI1rough this process O f cmbc ing, dd. addillonal paraffin 1s added 10 create a

'd of the C.l5Sc:llc The process of crnbcdJrng

p� ffi . hcd to 1he OUISI e ' '" hl<><k whtch " "'" 
. . . thm (2 • 7 m"romoto,) <o<tioo, "''"• ,

then 
· of tissues into \ Cf) """" tho '"' uon,ng 

. . ro, m "'"�op,o "'"''"" ••• 1 bo• 5 the us.sue read) "'°"tom, Th, "'"'ooomo shoo. 
d on , gto,, ,hd, ro, "'"''"•II nnd arc Jnycrc ,r. 

cr.ige ce , ci:s llr1: thinner than U1e av 
(�litchell e, 11/. 2007),

. ,.... ' 
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2.6.3. STAINING OFTIJE PROCESSED IIISTOLOCY SLIDES S 10, no ng ean be done 10 s Hdcs proces,<d by 1h, chcm,c, I fi,ai, on o, """" SC< looo sl, de,.
To'"' 1h, !Issue undo,, moo,oscopc, 1h, scctoons o,c si�n<d wnh ono o, moo, pogn>0n1s 
The "m of Slon>,ng " 10 '"""' ccllul" componems, coun1<,<1,.ns '"' u,ec1 10 p,.vid,
'°"'"-''· The mos, commooly us<d """ m hoslopo,hology ,s , combio"ion or
hcm,1oxyhn aod eosin (ofleo obb,e,iOled H&E) Hemo,oxyho is •sod 10 """ n.,,., ""· •·hilc '°''" sioons cy1opl"'m ond d,o ""'"""'" conno,1h� ''""' main, pink.I here arc hundreds of vanous other techniques ,vhich have been used lo �clcct1,cl} �101ncells Other compounds used lo color tissue scc11ons include snfran1n, 011 Red O. congored silver salts and artificial dyes.( htlp 11,v,,",. scribd com/doc,4448747/Pcrf)2.6.4. INTEll.rRET,\'l'ION
,.,,_ h. - -

· ed under a microscope by a pathologist, a medically

1 nc tstolog1cal shdcs nrc cxamtn 

1 d. osis 15 formulated ns a pathology report describing

qualified spcc1alis1 This 1ncd1ca 1agn 
1hc histological findings and the opinion · of the pathologisl In the case of cancer, this 

d for 1nost lrtatn1cnt protocols (H1Mopa1hology.

1CJlrcscnts the tissue diugnos,s require 
\\'1kipcd1a. 20 I 0).
2.1. 1rr-RJJs

. k t the tulle of the early man \\'ho had the
lhc history of the use of herbs <lute:; bac 0 

CllJtJest tools as h,s tn1plc1ncnts an 5 10 su111 his fin:, The fear of I llncs.s andd used stone 

f I llh Protecuon ho.s led m11J1 of all limes and{i cd and O 1ea 
'"'h ., well "' Uoc nccossit Y 10 ' 

"" '"'"' (Ko, m '"· 1985)."""" •II sk," lo """" 10 Myt ' 
ho,e com, ,o I he cut, m.m m lhc "'"'

h. ng tlt3t nature cun o 

The 
hnncc lus health must on of using herbs to en 

1 1 the Cilfl) rnan rc:soncd for prcscn· ingf !Jilt!> lo \\ UC I 
lli4c1c111Jf ic -...a.>, I lcrb.1, are group.1, 0 p 

d I net from otJ,cr 1111111,ul neighbour,;"US IS I 
h 

h earl)' man " hc,111, ,g,u "" d"'"" I ' 
oh , '"'" "I y 00 , Mlm" u , b.," ofh"boc,,., of ho, ob ii n y to "" ""0"' 

"' '"""'"I, ro, •h, '"'·" mcm or,.,,

I thought rJ er 

lction TI1u,, he dclibcratcf)' SC CC I tt"d ipc:1:1 fie plnnts n 

'"' 
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atln 1cnt Tl1 1s selection \VQS not certainly based on a pnor kno\\•Jedge of the plants'
<onstuu.nis bnt o n  ccnatn othc, focto� hke "''°"'' o, "'"'nom,o,J, my,too,J 0,
rehg,o,s focto" o, stgnntn,c, of """"' c.t c. wh,ch he ''"Plod "' mflnc,c;,g ho, hfc
(Shellard, 1979) 
Tho, scl« lt o, J>•ocodn,c wo, o fiea , trio I '"' """ mot hod. which at time, bo,omc, ,cry""'"""'"'"costing voltml,Jc tivc,, bnt once tloc oUribntos of• ,,.,,, bcnefictal o, h"""fnlbo,om, known to him, he wo,ld not nom,a!Jy fo,gct it ond co,ld =>gno,c the pl.,,, "''""" he comes ""o" u He wo,ld tlten nsc u " bcmg hcneficml o, disoonJ u " b,ongdangerous In this \\ ay, early man ncqu1rcd sufficient kno,vlc:dgc .ibout n1c:d,c1nal plilfltsand their , anoU5 thcrapeuuc uses gradually 1ncrensed 1n volume JS ei, iliz.Jtton progres._'i<.-tJ(Ghan, 1985) 

n..c · f d I rb ll tr , .. ,, fom1 and cooked fom1 to keep fit .:ind '.'>incc that t1111e.

• n Ci!r > man use 1c s 111 1c 0 

th f .. nd 1cceptcd by all notions on the surracc of the eQJ1h

c use o herbs hns been ,,;no\\ n a " 
I 

"ftY plant or pa.rt of plant, \vluch 1s valuable for

h:rb 1s U1erefore, defined to mean "'' · . . od ning dying and colouring of other mntcnals. The

llled1eal trentment, nutnuon, fo seaso 
most 1mponant uses of herbs arc t e in h ed1c1nal � (Knfnru. l99-t)

1 nt of the hu1no.n body, herbJI remedies ha, c
Dcsp11c n1odcm dcvcfoprncnt 1n the trcatn e 

cdicinc 111 the: bcg1nn1ng depended on herbal
been continuous and uni, crsal \fodem 111 

I Ii 1don1enl1l 00 

rc111C<f,cs, for plnnts ,vcrc I 1c u, I urcc of IJ1crnpcut1c products for profc:ss,onat
1 have claimed sucec?..li 1n U1c trea1ment ofho.ta, of Ote ovhc,t tlmc,. '"'"'0"'1 h<> '� 

. . &e,c 
. d n '· bre.isl cancer, slon disorders, sickle cell 11ncm1a.

fill diseases 1nclu I g 

f ntul ,lln= and as a rtlUlt of lhis, hc,b;ilforms o me 'tncrcald1sca�es, diabetes ,,nd sonic 

...,..., ha, bocom, • """' '" n,oud, 
1tm>, '"" b= """ to """'" '"'""on.

1'hc 
d roots of vunou.s no"'"' ,.,, . .,, ·- � 

""" '"' "°'"'� '�"" '""""' (l(,i;,,._
dec0c11on, as well ns dncd fonns m11dc ,nto flO 

. ,.� 
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tm1 In As,� Latin Amen,� Arnca ;m<t too;, tit,,,. .. ;,."" or a,rurat pt"'"" pri­
m11cJ1cs, due to their ph,11111acological propenies, 1s qune con1n1on (Conco, 1991 ).Th, herbs commonly used r°' mcdocinot P•mosc, inclode Mi•tcioc. Gorli,, oru,.,
Almond. C11ngcr, Alo111ord1cu churt1111111 e.tc
2.7.L 

/t,fo111ordlca charanriu (Diller Melon).
FnmlJ) Cucurb11nceae 
Genus 

Alo111ord1ca 

Species: Chur<11111a 

) nonyms. 1\,/0111ordica ,1111e11s1s. " o • · 

S 
C,, · •1 clc•oans Al. l11dica Al. opcrcu/ara. 1\/ S1111:11sis,

Co1n111011 Nnn1c.s B itter 111clon p11p,11 a, 1 c ' II b 11 •r gourd balsa111 pear, li.m:la. CJ1nnn c.t.c.
h . · s nppc:ircd in 1813 ,vhen Ainsile (Ains1le, 18 I 3)

Tht fi�t \\'rillcn infom,1111011 or I e 'ine 

I l826 the snme nuthor (Ainslie, 1826) men11oncd

rne1111oned 11� use as n pot-vcgetnble. n 
lhc n1etl1c1nnl uses or the vine 1n the re 

. 
1 atment of bleeding piles. in cenain bo\\clm . . . 

ds In Jam:i ea. 1 

a cc11ons nnd 1n cunng ,voun I \,nslic quoted "TI1c nnh\'cs used ho1lcd. 
If cqunlly 10 promote: the lochioe"

leaves as ,veil ns a decoetion of the plant use 
In 1119t Dymoek (Oymook M>d Hoopcr,

. 
. 

1891) gove a complete descnp11011 of the plant
for use 111 scabies, lcpros} ilnd other

a kind of pnnocea 
anti its uses. stating II lo be

I I · · I been used a.s a111 1c m1ntae, en1c11e, 
have a so 

cu1 
F I and leave:. "'<o"' do"""'· · "" 

" "'"'.,hi<, onli,, heon,o Ii<, '" goo,• night blindness, ton 
Purg:11" c, in bihous aflcc1100, 1n
311d 1n d1scas� of the spleen an  

f the rind 1n mcd1einc In Bnt\'ia,

d liver. 

cd the use o 
I 

94) n1cnt1on , I 894 Boot,, (Bm 1,,, I 8 

1 d "' doc '"" ,nd ""'""""""" oreovert.-d un .Jll.:i o1 I I  a,,, J • «koh t p « kol I, I S'J6 I d" 

.,, d '" t •>0-l, he ( P« kot1, 1'D.t lund cmctae, urgal1\ c 
the \ 1nc as an an1helm1nuc, P 

c:d 11 1110111ord1c1n I d and coll �Cnfii:d the d1sco\cry of1he 1111.:11 o, 

n3mc: CJ1Mn \\C\\e. -,. 
• knOI\ 11 

10 the Yorub11$, b iller 111elon 15 by the con1mon 

,,,� 
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Th, common n"'1e fo, Momo,d,cn "'"'""''" ,s B,110- Melon ond i, ;s from •he fam;ly,
"""bi Ulecac. A hhou gh , � coun ky of orig, n ,s uncen.,n, ,he p Ion, " commonJ > cu 111 ,.,...,
ro, , " fn,;, in teop ica I ecg, oos of Ind"· Chm� Ea,, A Inca ""' c cotra1 ond Sou, h """"'" 
h "h«baceou,, chmbmg o, ha,'"• p,o.,,,. """' wnh ""'Pie o, fo<kcd «ndnls co,,., "

ol., 2003, R,,ce,, J 941 ). The plam ,s dcscnbcd a, ho,ong lobed lcavos. yellow Oo" '"
""' ,�,hie aod bu«,-ta,t,og orange • yellow fruu The unripe liuit ,s seecn and "
'""mh,,e -shaped wuh , bumpy looking su,r.ice The pon, of the pion, UScd mcd,cinol!y
'"' lcd, •he f ru, t, leave,, seed,, whol, pl.,, I and seed oi I. ( Anon, I 999. Cu.u,,,,k ""l'alicn1010, 1993). 
The La11n ••me Momoedico moon, "to bite", "fom,g " •he JaggoJ edges of •h, Ion cs,
wh h · r h I e been bitten TI1c Siem or the plant arc branched ,1nd

1c appear ns I t cy 1nv 
''"'"' lous. the 1,. f blade a bo"' S • 12em long ;u,d " b'"®· U,c 1'4f " prom'" ootlyTh dnls of the plant "uh ,vh1ch II supports ,�elf 1s simple,

nervl'd, having 5-7 lobes e ten 
I 

occ,ous The fruu looks like a \varty gourd, Usually

' ender and pubescent. The plant 1 s  n1on 
0 long; l'l.'.scmbhng a �111all cucum er a 
b 

b bout s. 7cn1 long

ycllo11 ,,hen npc. ,\t matunty, the fru11 sphts

'The )oung fru11 1s cn,crald green, turning to

, .  rds and release nunrerous reddish bro\\'n or

I I h 
h I Curl bnc""''a 

no I rcc IITl?gular valves t a 
h 

·1 The no,ver 0 

\\ lle seeds cased in scarlet nn s. r the plant has fi1·c sepals, five l)Clals nod
'JI pans ofpl3nt, 1nclud1ng the fru11 t.istc

fi 
r any O\ary i, 

11 c mole stam 1hc end o a ,v ons on 

d "'''""""" "''""" whoo '"'"• "

, . .,,,., b' 
I fnut is ,vholcsomc an 

·• ' H '"· tt Owe"', t ,c 

Prut,,, hng wi,h > d"',of <,I,
for usc: in  ofr-scasons, Y he , lkcd and pn=vcd •Ra ""'"•

. I ton, -2007, .... m.u,,,..1,
. 

IC of ihc plnnl (Trop,ca p 
1'11.:1} rlltlo\ c sonic of the biller 1� 
1962)
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I\, Ul: � fo,,O'dJro dllUt1Jllia; Lc:n13. rnut:s and 'fttk

Bitter I , . . me on ,s cullivntcd in Asio, Afncu. South AmcnCll. 1111d lndlll und Is u!ied mostly as' lrBd' lllollllJ medicine in chlM, lndio Md Afnc:i (.Anon. 1999).
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2.7.1.t. TRIB \L .>\�DI IERB,\L USF..S I, lho Anouoo,  loc,1 poop lo and i od, "'"""' lnbo, g,o, b11 '" m ol'" i" , hoo, "'""'", fo,
food aod moo;,ioe Thoy ,dd oho frui1 '""'"' ''"" 10 boons oad '°"' ro,, biuo, o, '°"'""""' Mod"'", II y, 1 ho p I'" 1 "" , loog hi,oo,y of "" by oho mdigo,o.., poop I" of oh, Am.,oo. A loaf lo., is "'"" fo, dmbcio,, to o,p,I '"''"'"'' .,., and ,s an an,,..;,., fo,measles, hcpatills and feverish conditions It is used topically for sores \\-'ounds, andinfections and 1ntcmally nnd externally for ,vom1s and pnr.isues. Bitter melon has also beenused as both food and n1c:dic1ne through out Asta, as a thcmpcu11c rcmed) 1n a ,·arict;· o f1llncss<:5 such us lcukem,n, diabetes, asthma, insect bttcs, menstrual cycle problcn1:..llomach problems, as ,vcll as many other mnl:ld1es.
I B 

I Is Used for tu1nors, \\'ounds, rhcuma1isn1,

n razilian herbal rncthcine, bitter me on
rnalan · 1 d I flnmmation menstrual problems, di:ibctcs, colic, fe, crs, and

a, vagina 1sc 1arge, 1n ..... 
"0nns. It is also used to induce a onion b 5 nod as an aphrodisiac It 1s prepared 11110 aPica! remedy for the skin lo treat "8&1111 
to · 

· ·tis hcmorrhoids, scabies, itchy rushes, ec1.cma,ei>rosy and other skin problems. In 1� ext 
I 

•1 co  the entire plant 1s used for diabetes andI 
· In Peruvian herbal medicine, the leaf or aerial

'>scincry, the root 1s a reputed ophrodisioc
Part5 or lhc plant arc used to treat mcas es. 1 malaria and all rypcs or inOnmn1011on In

,ncll Pain drnhercs, fevers. colds. coughs.
'.; 

cd for SIOII • 
•caragua, the leaf is commonly us 

. . . 1 disorders. aches und flains, hypcncns1on.
�tadachcs, n1al11rin skin compl:11n1s, n,cnstruu ' 

I plnnt d:11abusc, 2007) In N11:1cna, lhc
inrcc 

in ch1ldb1nh (Trop1co lions, and .,s an aid

h folk medicine for l c treatment ,1nd
Juice f d fi rlS is employed tn0 lhe leaves an ru 

1 • fc, er and skin disease (Sofo\vora,
. d"31l'hoca, ma ono �agcmcn1 of d)'scnlcry, piles, 1 

IQg�)
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,. ,. l.l. PH\ I oc II FM ICA I.S (AC 11\ ,, CONS r, r" E 'TS OF M 0.IIORDJC 1 CII-IR-1 \'1'/A). 

""'" ""'·· ,., toi '" a, ""' Y O C biol,""'" y "'' ,o p ''" I oh<mic, ,, i ,o l•di,g tri ""'"" • pm" i"' '"d ",,., d, 1, ••mero" ""di"'· ""••• '"ve"i '"'"' h" , reported lhc presence of lonnins, sapon1ns, vitamins, pcp11de.s, ornino acids, Oovonoids and alkaloids 1n aqueous c»trac1s of ,\f.chara,11,a (Barbieri et al., 1980, Dal11el, 1959;Sofo\vom., 1982).Al least three diffcrcn1 groups of constituents found in all pons of b11tcrmelon have chnicnlly demons1rn1ed hypoglycem1c (blood sugar lo,vering) properties or Other ncttons of potential benefit against diabetes mellnus. These chcmu:nts thnt lo,vcrblood .sugar include a mixture of s1cro1dol sapon1ns known ns chamn11ns. 111sulin,hkcJlCJllldes. and alkaloids The hypoglycemic effect is more pronounced 1n the fruu ofbHtermelon ,vhcre these chcn,iculs are found 1n greater ubunduncc (Tropical plant dntaN.sc,2007) 

On� t 1 1 1 II d onstralcd the ability to inhibit the enzyme guanylate
, c 1crn1ca 1as c 1n1ca y cm 

C) I 
"-'· d 10 the Cllusc of psonus1s and nlso necessary for lhc

c asc that 1s thought lo be =C 
growth of lcuken11a and cancer ce  s .  II (Takemoto 1980; Takemoto, 1983; Claflin , 1978;\' 

Ii und 1n b111er melon, mon1ordin has ehn1cally
C\cly. 1977) In add111on, a protein ° 

dcnionstmtcd ant1canccrous acll\'11Y ag . _ oinst Hodgkin's lymphoma 1n  on1n1uls (Tercn21,
d bcta-momorchann and c11curb11acin 0, h:tvc! 

7:.16) Other proteins tn the plant, alpha· an 

ro ts i\ chcnlico.l 11sullog of U1csc b111cr n1clon
betn l�tcd for possible an11canccrous c c<: 

d amcd "t\1,\P-30"; 11s dcvclopc� rcponcd
"101 

d patcntcJ, .i.n n •· cans has bcc11 Jcvclopc , 
wth (Lec-l lunng, 1996). In another stud)·, 11

•�1 II b I I I uostate tumor gro \\'as a le lo tn II ll I 
1 1 inhibited 1hc dc\'clopn1cn1 ofI of the cnurc p an �tl\ rc:J>Oncd th:11 u hot \\ ,ttcr c,trac 

I'll 
WO.. '>()()2), :iinm:u-y turnors 1n mice (Nogasa -

d the anu-canccrous and 11n11-tcukcmic
� 

lso dcmon5tralc urncrous 111 , llro studies have a 
II hncs utcluding h, er cancer, hu1n..i11�11�11>of bitter rnclon ag.1in5I nu111erous cc 
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IM,mm, molonoma ond sohd U<comn,, (T okom010, I '82; T,k<moto, 198); Wo,1,
1971, Zh", 1990) B OI to, melon ( ond '''"" I of i" i soloi<d ph,<0<h<m '"'') also h., ho,,
dornmon1«1 w i lh in vhro an II vi rnl 0011v; I> againSI n•m,ro"' v, "'"' onol •ding EpSI ,in,
Barr, herpes, and 1-IIV viruses (Fmme, l 998). I" •n m v, vo SI" d y. a I en f ""t "" demon SI mted tho ah, Iii; to lno,eas, ,.,iS1on« to ,·i rn I'"''" 10"' a, "''" o, to prov id, on ,mm•noSI im "'"'' ,rr,01 in h•mon, ""' ru, ''" o1,''"""''"• mto,f o,on prod•<iioo '"' """"'' killo, oell aoto,ioy) II '""'•· 1990) Two oflh"' p,01.,n, ,a1pha- aod beta-momo,oh,rio-ho,, also beeo reportod 10 mhobu HIV ,.,,.,in in-vitro studies (Lec-lluang, 1990; Lee-Huang, 1995) In one study , HIV 1nfec1cd cellslrtJlcd 1v11h alpha- and betn-mon1orchann sho,ved o nearly con1plc1c loss of 1·1r.il antigenWhile healthy cells ,vere largely unaffected (Lee-Huang, 1990). In 1996 the inventors of the chemical protein onalog /'.IAP, JO filed a U.S patent, statingn '1 

r. 1 Ii and HIV 1nfcctions. In trentrng HI\' infectrons, the

vas usc,u or trcallng tumors
P 

- con•uncuon 1\'ith conventional ,\IDS thcrap,�"

rotc1n 1s adm1n1stcred alone or 111 , 
(L r. 

• . d hoivcd that �lAP-JO's nnliv1rol DCltl'ity 1v:is also

hson 1989) Another chn1cal stu Y s 

8 nbaiar et al,, 1996) Thi� plnnt h;i� also been

rela11vc to the herpes virus 1n-v1tro oun 
· · 1 nctiviries {Ng et al. 1994). The :u-rny of plant

r
�'Jloncc1 10 have anti- leukcmra nnd nnuviro 

then-r,culs and their b1olog1cal nc11villes in 1 
_ a·uer melon include lhe follov>'1ng

ll) S 
11·1')· This 1s a snporun . _ · found ntostly in the fruit; 11 1s allergenic

• 11\droX) tryptanilnc (5 • 

. . 
('. 

rcvcn11 vc · ' 

· 

(St,-tl 1990)· Ccrcbropluhc wtd ll\SC'Chcrdill

;"'llchell, 11nd Rook, 1923 ). Cnncer • P 

(Duke, 19!>2) 
Ol.uhornc and Ba.xtcr, 1983) :ind O Pesuc,de 
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�10 

,� 
I 

N 

Fig. l.23: Srructure of 5-hyllrorylryptamlnc (5-HT) (Fiche espccc. 1989). 
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12) e.,,-511-n,SD-(;1,.,..,� s,-. 1965 """""' 11,, p=,,.,. of •m;d,I gl,oo,;d,
;, �, fn,l� "' sho-, 11,,. lho,, """"""_,.of, mOOUre ofll-O-gJ.....,. ofp.sitosterot nod of ll-5.25 - stlsmooieri -3-� ol. The ll-�itostcrol-D-glucosidc has been repo"ed tobe antlspnsn,oc1ic (Mnlini, nnd Vnn,thnl-..'llmnri, 1989), antitumorous, hypoglycemic, a
CNS-Stimulnnt, n convulsant (Duke, 1992) nnd a CNS- Deprcssnn1 (Rizk, and AI-No\\'llili).

I I 

CH 01-1 

!
H 

I , 0 

0 

Olt 
II 

I I 

I 
t 

H 
OH 

rp..sJtOl!ltcrol) (Fiche esp«c. 1989) . ... 2.24: Stnicturc or OJ- 0-gturoslde 0 
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Ill s11a,,.,.,
- 5, 25-d1.,-3- p -ol, th;s O onofuu S10,01 '"""" ;, "" fruit or momon,io,

charantia 

11 c�
CH 

Cl l l 
Cl I I/ 

J
CH 

Fig. 2.25: Structure ofStlg,naSfa -S, 25- dlen.J..ol (Fiche c,pcct, 1989).
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(4) �''""""' n,;, os , oon-nhn,g,.,., "'""'' prindpl, foond on "''Y p,rt of
momordica chnruntin Cleat: fruit, seed, and vine). It gave o positive colour test forPh� '"'"' lios. ond cm h yd ,o lys ;, y;,lded gl "'"" ""' o sten,I (V "'""'' " ol, 1960-61 ) . 11;, o" of the """ prindples responsible fo, <he hYPogly,,m;, ocloon of <he pl,n1, h ;,composed of a mi>.1ure of sitostcrol and stigma.�tadienol glucosidcs (Roman and Lau,1996). Chamntin hns been found to be nntidiobctic, an abort1licicnt (Grennnd, et al, 1987), Dntitest iculor (Duke, 1992) and hypoglyccmic (Pizzomo, and Murr.i), 1985). Chamntin isan insulin-like chemical that con lower blood sugor and cholesterol It is found in the fruit\Ceds of the bitter gourd and has a molecular mBSS of 9.7 kDa (Parknsh et nl., 2002) Itserves ns a hypoglycemic agent ,,luch increases glucose uptake and glycogen synthesis inthe liver, muscle, and adipose tissue. A n1olecule of charontin consists of oglycone, ostc.,,1·d · h · h I I soluble 1n o non-polar solvent such ns chloroform ond

'" P0rt1on t :n 1s 1g 1 > -
c loromcthone nnd on hydrolysis gives g uc 

di h · 
I ose ond a stcrol (Jesodn et al . 2007).

/ I 960). 
Fi 

Sharn1a, "'"" a. 2,26: Structure or Chanintln ( 

t I ti

CH(CH� 
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(5) l\lomordicinc
Momo,d,cioe os "" olkalood "'d " •!so on importont port or tho ohomie,! mol«-•p of tho
botto, goo,d boeousc this is the chemical «spoosible r., the "'"""'" or the '<getobl,
'"" h,s, stomach,c eIToot (II"'"•" n/., 1990). It ;., "o"I '"'""'i""' glttoos,d, with
tho chomicol '°"""''· 1-0 - d  - glm,opyrn"osyl-J. 23-dihydm,,,"'""'"' -S. 24-d,o". I 9-al.
It come, '" diIT«om fom,s; rangi"g from Momonheioc 1- I V  Momonl,ci"' II ""' IVdotcncd °''"°'"'°" by l "lfolii "&Tiifioontly who" hio=oy, won, OO<ri<d oot '" kidru,y'"" le,. . ., ""t <d ot 7 S. 6 '"d 20 .3 µ g/om2 ... , r '"'""· "'P<cti .. , y Tho,, '"' "o5Yncrg1st1c effect on ovipos11ion deterrent ,vhen the !\vo cornpounds \\'ere combined 1nthc,r natural abundance (Rnintre e  Nutri1ion, Inc., 2007). 
01hcr chemical components of ;\/on,ordica cliara111ia include 5-o.- s1igmas1a -7,25-di cn J.nol n I · 

b·c nc'id nscorb1gcn (n bound fonn or ascorbic acid), Ash, ll-

,,. . ·c acostenc, ascor 1 
c•-1n n · 1 1 · cnrboh}rdrntcs cholClitcrol, Cllrulhnc, copper, cry10,ru1 1h1n,

"'" �nc, ,,. s11ostcro , ea c1urn, • 
d10s1, 1 1 r. fib n�vochrontc Ouondc, fluorine, GABA, Galac1uron1c nc1d,

ocn111, e astcro , ,at, 1 er, .. • 
t0d1·nc, · 1 1 d ,· olcic acid. lutcin, lycopcne, masncsium, mangnncsc,

uon, lanostero , en , 1n 
lllomord1cos1dcs (A-L), mulochromc, nio • · cin nickel nitrogen, olcic acid, oxalate, oxalic

1 "'Ofiucncc, pipccohc nc1d, polypeptide - p,

lcid, Pectin, peroxidase, phosphorus, Pt.,. 

hin sodium, s1eanc oc1d, shglmasterol, sugars,
"tossmm, pmt,i", R,bonovm, Rub,.,nt · 

, � "•'", ttto "i" m. '"""· ,, ""'· "°" "· '" 

. . 

xanllun ,emoxan1lun (Oul.c -004) 
'ft_ 

d' Charon 11 tJ ConlOJn l\\·o alkalonls, one of them being
'oe fru11s :ind leaves of Mo,nor ,en 

. . rno1 
• an :ilknlo1d (m.p 2J6•) and anthclm1n11c pnnc1plc 1n the

llord1cin. The �ecds contain

O ·  Ri\:cm, 1941, A1ran & Gihrucgc;
. & Gihauge. 193 . 8Crtn, lhcy also contain urcasc (Ail'Wl 

1950 "'-,L 
Rehm et al 1957; Rehm & \Vc:ssc•s. 19S7)• """1 & Ullah, 1956; 

LiSF.S or 1lfO,\IORn1c I Cllt1iL,T1 I 
2.7 1 t.Ji\tEDJCINi\l ' J. DIOCl{F,tlCA ' ' 

1,.•rnbctic propcnu:,. 01hc:r comn1011
t.1 

ua •�"""'" .. -1 �or 11.s an u .,. "'•mtoruy, Momorut0> d-
Tradltioo<ly. b,tt" "'''°" "" """ "'"'

� 
d u.nt1fc111Hty, lq have included nn1tm1crob1al an 
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u • fo� "m«ly fo, ••morn, as•hm•, skin '"fo,tion,, .,. .... "' .. •••I disoro,,., '"' 
h>1tonooston ••d fo, m'"y othe, otlmeo" (Ano• 1999; D•k, e, al .  2002)
rom,1,m,m,cy and •h<moti,c modi<i•< i•di<otioo, '"''"'' Oittbot,. m,lli•m, 'PP<•ito
'" m, I.,. ( i• •rad tt•oaal Chi•"' m«Ji, m, ), ""'"· H IV i• f "'"o• and , ....... •osu •<
mf<etto., (Zh••g ,  1992; Ran,o• oru1 uru, 1996). A• A"'""'" h<rltoi P"POratio• of h•tto,
melon has boen u,«J fo, Jh, 1,.,.m,m of """""1 m•moc,I" """""· CMi"'Y and Patel,
199 I J. A los, <0nunon use of bitto, m, Ion h., bo,< n " an •"""""'' in "''"� "'""'""(Cunnicl.. and Takcn1010, 1993).
2.7.1.4. 

PLAN'r su�mlARY (LEAF/STEi\1) In •his s1udy, the leaf decoction of lilon1ortlica cl,araclin ,vas used,
'Inc: leaves main actions include. Anllco.nccrous, nnhviraJ, anttbactcriaJ, digestive51 lmu ant nnd hypoglyccm1c I 1s  us 

I 
. 1 . cd for lrcatmcn1s of cancer, vuul infcc11ons (�HV,crpcs, Epstein Burr, hcpallus, in · ' 

h 
. nucnzo. and n1cnslcs), bacterial 1nfcc11onshtaphylococcus, streptococcus, and 5 on aJm clla) as n b111cr digesl!vc OJd (for dyspepsia

lifungal nnti-1nO:unn1n1ory. an limalnria,

illld sluggish digestion) for di abetes. a.s an 

Camunotivc (expels gas). digestive s11mulon1, rcbnfugc
llltiparas11c, an11sep11c, biller,
(reduces fever) hypotcns1ve, loctogogue rom (p otes milk no\\'), menstrual sumulator,

• 

, d healer (Tropical plont da1ab:ise, 2007).
) and :i woun 

PurQalivc. vcm1 1 fuge ( expels ,vonns 
>11�. \JF.Cl!ANISM OF \CT 

. . 

ION or l\f Cf/;l�t,VT/;1.• 

U\'C compounds, ,vluch nni chllr.lnttn,
IJ 

ron1ising b10:ic "'" < i•lo• <on lttt • • fo"' vo,y p 
d <ti "" 0 p,.to•n "II oi AM PK,

rno111ordicin. rnon1ord1n and ,·-insulin. 
1• and enabling glucose up11kc,

. . These compoun s a 

. fuel n1ct.ibo isrn "-h1ch 1s well kno,vn Jor rcgulallng 
I contains a lcctin that hai insulin •. s Biller me on Pr"" 

d n Jiabc11c ""C'Sscs ,vhich :ire 1mp:ure 1 

Jue 10 its hnk1n� together l\\o
I,� 

k b"o.icllVII)' 0 f ,111� lcclln I)'""'"Y fh, tn,ul/n,h ·, • 
u1m•fon, by oottng on P<nphen,1lucosc concc: 1111 I 

· I \\Cl'S blood B 
· Thi I • 

u tn rctcptors. Tlus lccun ° 

. prcssuig appetite, s cc1111 1s• n tl1c br.un, sup l1is 
I 's effects • Uc, and, s11n1l:ir 10 insu in 
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likely • m,,o, cootribuio, to the hYPogly,,om;, effect thot de,olop, ,n., """• bmo,
metoo •od why It moy be , woy or mru,agmg adult-on," ''""""· L<c1to b>odlog ;,
"°'P•0tolo spedfic, ond this ls likely why blue, melon h" bee, '""""' wuh•mmum>,ttmulotory ,ct.v>ty - by llnlung socopto� that modulotc the unmun, ,y,1em,the reby stimulating sn,d receptors (Bakhru, 1997)
A novel PhYtochcmicnl in bitter melon has clinically demonstrated the ability to 1nh1bi 1an Clllyn1c named gua">'late cyclasc This enzyme is thought to be hnkcd to thepathogenesi s  and replication of psoriasis, and implicated 1n leukemia and other cancers(�IJnabc et nl., 2003) A,fo111ord1ca cltar<111tia extracts hove broad-spectrun1 antim1crob1 alac11v1ty, having been sho,vn 10 prevent 1nfcct1on by nun1erous viruses, bnctcna. parasiteor&antsms, and fungi Although mechanism have not been determined for nil organisms,in the case of  viral infection it is thought that certain biller melon constituents prevents, iraJ penetration of the cell ,, all (Cunnick and Takemoto, 1993). The immune-

ls may also contribute to decreased rntcs or

511mulat1ng propen1cs of Af.cl1ara11t10 c.11-trac 
... • 

I tudics Animal studies demonstrate .,, chnra1111r,

"'1Crob1aJ infection observed 1n i11111Tlil 5 

(i l°on have lipid Jo,\'cnng eITects resulting into
�lracts, Paniculnrly the sapon1n me 1 • 

. d subsequent decreased hp1d absorp11on (01sh1
111h1b111on of pancrc:it1c lipase acuvity an 

Al clraranttn JUiee has on inh1b11ory cfTccu on
r, u/ , 2007). Another study demonStrates 
11 1ttnbranc lipid perox1douon (1\hmcd, 2001)
2,7,1,6. 

l\f£0ICIN,\L USES OF L .;. , F. \.F DECOCTION OF J\I. C11�tll/1JVTu1
It l\;i.s hca-i obsavoo that med1ctn:1l Md fru11 g bc:lnn plllltts (includmg Iii dtart111t111) nre \\1dely

(Sclunourlo d al, 2005) � rn.u I d nndJWCC pn:par.wons n Y us ccocuons 
llkc O dccoctlon Enough lc:ivC.'i

ll, I o moy be boiled to m '''"" or Momo,d,oa cbon,n ' 
d "''"'· TI»•'"'""' "drunkg bitter taste .in Ill() 1 •1 suon u J be Ut;ed to gave dccocuon ' 

1 as stomaeh:ichc, fever, 1nft:et1ous
•1

any problems, sue , Preventative: treatment for m 
Tiic dccocuon 111ay :ilso be used us

dt 
rtCOSIOJI, C\ ·en c:inccrleases, arthritis, diabetes, h>'PC 
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""'" w"h, o, '<Id'<! to ">e """' w,i., To moke th, to,to of th, d,oo,uo, more tolembl,,
th, 1.,,,. m,y bo boil'<! whh m;m, o, tho do,ooiio, may be tompc"" wtth '"•"'· ho"'Y·
o, milk The d..,o,uo, ,ol,o,os skm rashes ond h"1 m,h A "-ctoo, of th, lea,,. moy b,"''" at "" onsoi of i,f ..,too"' di'"'"· "'1 th, =�, of th, d,...,, w, II be miog,t<d Tho,_tio,, take, "8"1u,ly, ho, boo, ""d to "'"'"' blood s,g,, "'1 ,o,1n>1 diobot,.,·\l,o,, dco0etio, of the ehopp,,d r,.,h biuo, go""' (fo"' o"""') "'"" b, boiled seatly1n a pint of ,vatcr until hnlf the liquid has boiled olT The decocuon should be taken oncea day (Pinkney et al, 1998).
2.7.1.7. TIIE PROPER'flES/ ACTIONS DOCUi\lENTED UY Il.F.SE,\RCII.Populnnty of M.charantin i n  various systems of Lrndilionnl medicine for several :ulments (antithabetic abort, fnc1ent,
antunalariu, gout, Jaundice, abdominal poin. leprosy, kidney (stone), piles, lo"'allvc,· 

d b'cs) focused the 1nves1Jgator·s auenuon on this

purgative, rhcu1na11sm, fever an sea 1 

anthelmmnc, contraccpuve., d}'Smcnorrheal, CCLc:mn

t hniqucs have outhcnticatcd ILS use in diabetes
Plant. Over 100 studies using modem cc 

t insulin rcsistnnce). ns antibacterial, as ,veil ns
and ll$ comphca11ons (ncuropnlhy. cnto.rnc 

- ) as anlhclmint1c and nbortifac1e111 t-.10s1
'"'" om I , gem ( mel"dmg II IV '"'"'"0" ' 

m ·1n various cnnccrs (lymphoid lcukem,o,I ils e 1cacy 
iniPonanlly, the studies hove s IO\\TI 

I • 
lnnoma, n:as ' b I cancer skin tumor, prosta11c cancer.

>lrlphoma, chonocnrc1nomn, me 
. _ '<luamous carcinoma of tongue nn h :in bloddcr corc1nomas and I lodgkin sd larynx, um 

di�asc) (Grover and Yadnv 2004 ).
� 

d the 111 1·1tro nnu . fertility cfT«t or alpha- ,1nd beta-• " •I. ( 1986), h," "'P0"' 

- 19,. "POrt<d '""""''"'"o" orand colle.igucs in l!JornorcJuinn 1n mole rots. ,\lso. Chon 
(Chan i!I al, 1 CJ84) In vitro studiesmomorchnnn �I 

�bCIJ• Y P<eg,,..,,y on  tho mo""
. . 1 g,owth of """' ""'" coll hno,,cd extracts inhibit t ,e ""t"" bo "" me lo, fruit ,,nd " . 

I I O l 8 ), h ,mmt <o lo, <once, ( Coeo-2 (Ch1l1111 Cl " ' "''todu, g p,0""'' odc,oeou<utomo, 
bo=t ''""' «II II"' MD A, MRnhJy mor.1�t:111c ttlJ 

d the hli;,• ''· (Yasui f!t al. 2005), :lfl 
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1 ll ( L<,-11 "'"• ., al.. 2 000 ). V >rioos aq ""'"', Olh ,oo I, and mothano I ''"""" of th,
""" h.,, domonst.,ted ,,, ''"• '"libo<1cn,1 aoto,;tio, ''""" E. <oU, Stapi,y/ococao,
p,.,,,,.,,,.,,.,, Salmo,,,1/a, St,ep1obaci/l,o a,,d St,eptoroccu, (G,o,g,, 1949, H""';n,
199! , Omo,cgb,, 1 996 ,ad Kho", 199&) an <><tn,ct of th, '""" plru,t "'"hown to ho,o
ant1prototoa1 nct1v11y against Entnmoeba histolyttca ( Bhakun1, 1988). Th, fruu '"d fruu JU.co hovo dcmonSJrnt<d the ,amc t,i,c of ru,ttboot,nol P«>pon,c, ,ad,in another study, J fruit cxtrnct hos demonstrated activity against the stomach ulcer.causing bacteria Hclicobacter pylon (Ycsilada, 1999). Other properties/actionsdocumented by tradthonal use include an1helmin1ic (po,vcr 10 destroy "orms), nn11-bac1cnu1, nntibio1tc, nntidtabetic, an1i-inOnmmo1ory, ant1-lcukem1c, antim1crob1al, nnti­mutagcnic, nnti-ntycobacterial, anti-oxidant, :mu-tumor, anti-ulcer, nnti-viml, :ipcriitvc,ap1trod1s1ac nstnngcnt• (nrresling sc:cn:uon). canninat1,·c, cytos1n11c cytoto-.:1c,d . 

hypo- h 1 t rolcmic hVl'lolcns,ve,
qluru11ve, hom,onnl, o cs c • .,,. 

h 
th blood) immunostintulant insccticid.il, lnctagoguc

YPoglycemic (reducing sugar tn c • 
(. 

. r lk) 1a,a11ve, pull:alivc, refngcrnnt s1om:ich1c

increase the secretion or flo,, o nu 

hypotriglyccndcntic,

. . 
. · ) styptic, tonic, vcrmifuge (Zhu�, al,, 1990)

(Prornot,ng digestion nnd 1mpro-.c appetite 
2.7,1.&. TOXICITY OF 1\/0,i/ORDICI Clul�ti,TuL 

_ 
. . the liver and reproductive systen, These olTccts

In nnun:ils, 1he principal tox1c1ty 15 to
1._ 

. h ans Chronic odmin1s1n111on of an alcohol C).lruc1 of
·�\c not yc1 been reponcd 1n um · 

, . 1 lesions and o s1a1e o f  1nrcrt1ht,· 1n dogs,
b111er melon rru11 ,vas ossoc1atcd ,v1th tcsucu or 

cd 10 be to>.ic to cluldrcn, il11d the fnut 1s
In add, . I f the seeds nre report lllon, the red un s O 

O I ingcslion of biller melon fruit i,
c 

(Bakhru, 1997). ra .,. ......... "' dun ng • .., .... , y 

r t h. '"'" '" • \ ,; .. '" hu ....con,,umpuon o lafc a-. dcmonSlr.:IICd by lor'lg ·  lCml

� I \( c/tUf'illlllll Ul)Jlt,llli to be •.ifectcd ,ron . s I,. _  

r . nsuhn c.,tro 

. 

U111:u1ancous 1n1cc11011 o P I 

trocts is sign1ficnntl}' more toxic 11.nd
ho . . n or,\/ '""'"11110 ex v, ever, intravcnou:; 101cctio 
l'Jo1 rcco d d ('frop1col Plant mrncn c Database, 2007)
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Rq,oned adv,.,. effoets ofbhtc, molon inol,de h>Pogly,,.m;, oom, ru,d con""l"o"' m
<h,W«n, '"'""'"' (gammo)-gl,tamyl trnnsforn,o and olkahno phosphaio,, le,ols ,n
.,,m,1,, ,nd hoadochos. (Bosoh " al 2003) It hos b«n ,oponed thot go,10,
•Jmimstrntion of'"'" from tho loa,o, of Momo,dio, ''"'" do,"'"°' fon,1t1y m
fomalo nuoe f,.m 90% (oom,ots) to 20%. Tho dfo,1 of tho drug wo, m·,�•bto. wnh""'°' m,o, "'Crtmg to tho com,ot fort,hty rnto ,n., ru, ost,o,s o:,cto No pothotog,oat<hangc, wo,, soon in m'1om,t o,gru,, of troato! mioo. (Stopk� " o/., 1974). How.,.,,chronic ndn,inislrntion of an nlcoholic extrnc1 or biller melon fru11 "'as associated ,v111ttcs11cular lc�ions and a stale or infertility 1n dogs ;\n1n1als received I 7Sgrnms dnilyOrally for 60 dnys, lhe seminiferous 1ubules ,verc compleicly devoid orspennatozoo, IIJld

re also nbsen1 in the lumen of the

tubular diameters ,vcre minimal Spennnto2oa Yle 
'P1d1dYTn1s and vas-dcfcrcns (D1'<il, et al, 1978).
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CllAPTER 'fllREE

!\IATERIALS AND i\'IET1roos3.J RXPPRil\1l�NTAL 1\Nl!\l;,\LS 
W "'" •m, n •I hmo ,.,, ( male), •god b<1wo:n 12 and 14 ""'"' ond wol &bong be1wco,
180g "'" 250g we,, pureh,sOd from booh P'11oogoo fr"' oolon,o, in lho V<1orio,ry'"'1•mi •mm,I house Unl,o�uy of lbod,n, Nigon, ond lhe Phy,oology Animol Ho.,,ladok, Akin101, Uni'<m1y of Toeho,ology, Ogbomo,o, N,g,n,. They wore ho.,,. '"
nc1tcd wooden cages under controlled condi11ons of light (12h-lighl/l2h-dnrk cycle). TI1canimals ,vcrc fed ,vith pelleted feeds and "'ater ad lib1tum and allowed to  acclimati1eover a pcnod of t,vo ,veeks. The animals ,vere then grouped into five (1.e Control,Groups A, B,C and D ), ,v1U1 the control receiving feed and ,vater only through the 30-d�y C\pcnnicn1a1 period and the difTcrent groups n:cc1v1ng differing dosages of rhc leafdccoc1ton of M.charnnha ranging from 35mwJOOg, 4Sn1g/JOOg, SSmgtJOOg and6Srnw1o0g body ,veighl. Body ,veights (b\\') \\'CrC tnkt:n 31 Day l{DI), Day 6 (06), DayIJ (DI I), Day I 6 (D 16), Day 21 (021 ), Day 26 (026) and Day 31 (D31).
3•2• 

I\IEOICL'/1\L PLAl'l'J
c lllcdicanal plant M.charanua ,va.s pu 

Th 
rcha.sed moanly from the Elc,�c on10 sce11on oruit Ojc rnarkct an  lbadan and authcnttca

•• 
tcd at the hcrbanul\'I, departn1ent of Botany,t; . 

, f the plant "ere mode inro a dccoclJon
111' 'Crsity of  I bad an Nigerio. Fresh leaves 0 

J.2.1. l'REl',\RJ.\TJON or,·r11F LEAli' . 
. 

DECOCTION or, �I.Cll,\RAN r1 \

d liaouon of the method of Cunnick ond
°""''•on �., m,a, '"""''"• 10 ' mo , ' 

. . . fed nnd the leaves 1vcrc nnscJ 111Ui d1s11lled
l'aJccrno, 199 In b f the plants ,vere lc.i o, l. nc ' 

00 of the chopped lc.i,·c "ere boiled 1 11
'•re, d d then ,,caghcd. I g · r:uncd, chopped an 

h lf(IOOnll) Thus, 1111hc end IOOg or

20(J 

. \'olume cnnac to a l!Jl Of d11t1fletJ \\Utcr Ullltl the 
I�, 

r distilled woter.ci Were extrncted in I 00ml 0 
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JJ. PROTEIN F.ST!i'-IATION
'"'"" .,, OStomotod by lho P«>c<du,o of low,y " o/., ( l 951 J u,fog bovin, son,m
albumin (BSA) as standard 
3.3.1. PRINCIPLE
The ph,nolic i,,oup of l)'rosino oad l,yp1oph,n "''""" (omino "") i• , pn>10,n 'Viii'"'""", blue-pumJe colou, complo,, w>1h m•umum ob"'>plion m lhe "�on of,so_.,
11.avc length, ,vhcn reacted ,vith Folin-Cioealtcau reagent. ,vh1eh consists of Sod1u,n
IUnsgsia te mofybdate nnd Phosphnte. Thus, the intensity of colour depends on the amountof lhcse ilromnt1c an11no-acids present nnd ,viii thus vary for different proteins.\lo st Protein cstima lion techniques use Bo,'inc Scn1m Albumin (BSA) universnJly as n ;1andard protein because of  its to,,· cost, high purity and re3dy availobiluy The n1e1hod i ssensitive do,vn 10 about I Oµg/ml and 1s probably lhe 1nos1 widely used protein assaydespite II being only O rclntivc method subject to inlcrfcrencc from tns bulTcr, EDTA,non-10n1c nnd cation detergents, carbohydrates. lipids ond some salts The incuba11onhn,c . 

d bi assay The rcnchon 1s also dependent on pH anti a
1' very cn11cal for a repro ue1 c 

"0rl,ing range of pH 9 10 I 0.5 1s csscnuol.
lll,;AGF.NTS

' lteag,11 t \.

2• 
., 0 or Nn1COJ nnd 0.4g or NnOIJ pellets \Vere

'• �.12C01 111 O. IM NaOll soluuon, -· 8 

d then ,nm.Jc up to the m:irk of the I OOmts
diisotvc:d 111 about 50mls of distilled i,aicr an 
11.indart) volumetric nask with d1s111lcd \Va 

. tcr The rc:1gcn1 \VIIS Morcd at room
ltrnlltrature 

• ltt1i:tra1 8.

2• N • "·I< I anara1c solu11on
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20g or SOdoum-potassfom tortarato <N•-K·C.O,) wo, ,;,..,,,,. io s0m1, of dlstlikd
"'" ,od thco "'ode "p to the 100m Is mo,k or the ,., ''"""' flask with d>sti lied '""'"
Reagent ,vas kepi at room temperature. • Reagent C. 

I',, C'opper Sulphate Solution
lg or hyd,.ied Copp" Sulphate (C,SO,.SH,O) wo, '""'"' io SOmi, dlstillo! w,ie,
and made up I OOmls in a stnndnrd volumetnc Oask. 

1 ncagcn1 D.
Alkaline Copper Solution
"n.,s 

d ii I b fi use by mixing 50ml or reagent 1-\ ,vnh 0.5ml of reagent B

• 11 ,vas prepare rcs 1 e ore · 
a!ld 0.5ml of reagen t  C. The tartnra1c solution ,vos added first to prevent lhc solution frombecoming cloudy 

' Reagent E.
Fohn Ciocahcau Re:igcn1 Solullon:

· s Phosphomolybdictungs11c complex. and

lhi, i, the co lou, ,cogcm Th" '" gcot 00"'"" 
• . . 11 vadable in 2N, ii 1s diluted \\1lh d1s1it1ct1

"""""' """· The ""'""'' ;, oomme,c,o y ' 
\\illcr lo IN Just
Photol)1ic.

before use. . kepi in a bl,,ck conta1ncr because II 1 s
The n:agcnl is 

S�daru Protein Solution: 
8SI\ 1n Smts of d1s111lcd \voter.

. 
llS prrnnrcd by dissolving Sn1g orh' I BSA soluuon \\ . ·r ln1wm 

JJ.i. Pttoc�uuRE
"'"'"''"' osA "'""'" """ "'"'"

V 
00 II) of the prcpar "i,og >oltm,e, of ( I 00µ1 to S I 

I ml w,th d»i> lied '"" '"dlmi,
llio\\n 111 the protocol. P.ach 1e5l tu c 

__ , d ihcn 1.1ll0"ct110 Mand ,11 room

b ivns m:11le up to 

la ,n,,. .. .., an 
or 

ro1ein sainp ' 
. . 

1caten1 D "a, lidded 10 the P 
ddcd very quickly 11nd m1,1ure11 \VUS II . of rc3gen1 • lcrnl>traturc fior I 0mins. 0.3mb 
Jing ut room tcn1pcrJturc, the· s of si.,n �,..... 

I :\Ocr 301111n ""11lUsJy Jlttikcn 1mrncd11alc Y• ' 
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"""1>.,,.,. "'" reod at 750nM "''"•, Beekman W S1>«kopho1om<1« Th, ,..,l!fog

\alucs were the data used to plot the standard protein curve.Fo, muochondnol pro10,n coneomnulon d<1C1mlnotoon, I OµI of mllochoodrio "" d>im<d

•uh 990µ1 of d ''" lied '"'" and 11,;, ,ol" m, "" ""d lo p loo, of 8S A so l•1<oos
Abso1ban,.,. w01c IOkcn " 7SOnM. Rcodlng, WClc lokcn '"'" ond lhc '"mg, "'"' In
the calculation for mttochondrial protein estimation.
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hllLE 3, I : l'ROTOCO L FOR PRO'f£1 N ES'flMA 'flON (Low'> " ol., 195 J ), 
T est lubes I 

2 
3 4 

5 
6 

-

landard BSA
100 

200 
300 400 

500 
(µI) 

IS 

D1s1tllcd \Voter 1,000 900 800 700 600 
500 

(11I) 

' Reagent -

3.0 3,0 3.0 
30 

D 30 3.0 
lrnl) 

I 
L RcJgc: E (nit) 0.3 0.3 0 .3 0.3 0.3 0.3 

E,pcrimcnts \Vere run in duplicates.
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l-1. A��A \' l'iOfl l\,JJ I OCttOND!U,\_L S\VELLINC.100,M CaCl,lmg m;1oohondnal pn,10,0 wa, """10 ond,o, MMPTP opon;08 ooconHng
lo a modi licn1ion of the procedure of Lapidus and Sokolove ( 1993).3.-1.t. PROCEDURE 
Th, low oonk •lreng1h mnoohondria were ;,olao<d "''"• • m�h<d do,eribed by Johruon"' L,,d Y fl 96 7) On , ho 31 ' day, ovom; gh1 '"''"' on, mol, w ,.., '"" """' by """ ,001dHloe.,;o "" ond di,sco1ed q ,iok I y. Th, II vo, WM mpldl y """" • In""'"'' 10 n,mo,, c�cess tissue and ,vashcd 1n buffer A. Thercaller lhc liver ,vas \\·eighcd, chopped andsuspended in buffer A 10 make n I 0% suspension of !issue in buffer lmmedio1cl> theli,·er suspension ,vas homogenized on ice using n glnss-Tenon poller homogenizer Thehon1ogcna1e ,vas sedimcnted t\vicc 01 2500 rpm for 5mins to remove lhe nuclear frac11 on3nd cellular debris Supcmniant obta,ncd was centrifuged 01 13000 rpn1 for 10 m1ns nndlhc mnochondnal fraction obtained ,,as ,,·ashed three times al 12000 rpm for 10 m1ns11 ilh b m 8 Id 1 ·riuged "as used The mitochondria \\'tre immc<1in1ely

u er . An MSE co ccn n 
IJ 

lquots nntl used fresh 
15PCll\ccJ 11110 I n1I Eppcndorf tubes as 8 1 

3·'4.2, PflEp,\.R.A'flON OF DUFFERS
• u urrcr \ (Is olation buffer).

I 

es I t,.f KOi i n.nd I m�f FGT A (pi I 7 4) 

>io 111M �fann1101. 70 n1M Sucrose SmM Hep 

1 1 ?g of Sucrose and 0.19g of EG1 A were

Prq,ata1ion: 0 6 of llc:pcs, 19.1 Sg of �Joru1110 , -. g 

d nf eel "ilh I f\1 KOH (pH-.7 4) wul then
ll11so1vcd in 480 ml of distilled ,v111cr, s100 3 ,z 
'1

.ilJt up lo 500 ml

a,r,., 8 I Wa,1, log bo ff<C), 

1 M KOii ,md o. s,; BSA (pll • 74) 
�10 

c: Sn1M llepts. m�t ,\J:111111101, 70 nit.1 Sucros ' 
. 2 of Sucrose and 2,Smg of BS,\ \\'ere

P 
of r,1unru1ol, I g ''l>¼tton: 0.()g o f  l lc:pcs, 19 ISg 

. _ _  , ·'lh lt.1 KOii (r,11°7.4) nnd then dltsolved in 480 ml of distilled ,,·111cr, stan donfll.,;u \\ I 

�c Up 10 SOO nil,
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• Buffer C (S\\elllng huffcr).
ll O mM M,nnitol, 70 mM s"''°"· SmM """'· IM KOH (pH- 74). ""'""''" 0.6g of Hopes, 19 I Sg of Monnllol, 12g of S,om,o wo,e dis,01,«1 in 480 ml
of dntifl«i ""'"· Slondanfti<d Wtth IM KOH (pll 7.4) w,d thoo mode •P to SOO ml.
All b,rr,., '""' SIO<od" •·c Reag,.., Wo<o """h""" from Sign,,""' Co, USA.J.S. DETE.RJ\tlN,\TfON OF l\'lfTOCJIONORIAL S\VELlJINGJ.s. I. PRINc1 PLE 
Tho PrinOi p le behind I his method i, !hot whoo tbo mnoehondri, swell thee ,ef ntoli ,. e
iMo, <hon

go, ond tit"' I es, It gin ""'"' thro,gh tho eu "'"· """'"ng in , '"'"'" m thelight absorbancc measured ,vith a spectrometer 
Changes 1n volume of liver 111ltochondna ,vere measured qunnt11a11vely at S�Onm in a"' n spcctrop otomc er = 

Bcck ... a U\' h I bas-·' on the procedure of L:ip1dus nnd Sokolove, 1993.ll
fltpAlu\TroN OF RE1-\GENTS NEEDED FOil STOCI( SOLUTIONS.' 4mri1 Spcrmfne.

00139 . d httle distilled ,vatcr and then made up to IOmls
lg of Spen111nc ,vas dissolve 1n ° 

10 a IOml-standard volumetnc nask.
I 80 >'r Rot,non�

, · litlle quantity of 95 ,o l.:.tbill1ol and then

11
,0ooJ 16g of Rotenone ,vos first dissolved an a 

"'·� 
J volumetne Oo.sk. 

-�cup to I Omfs ,vilh Ethanol an° I Oni 
' 2so111�1 s 0d I" m > u «In o It. 

. ' 1111 lo q" oahty • f d,.ti ll«J • Ole<ond

I 

� '·7 
. Jvcd first in • " SJi of Sodium succ1nate ,vos disso 

lh 
I volumetric flask. tn made up to JOmls mark in° IOm 

12 ..... ,, Cac 12
1 ty of dt5ullcd \\ .,tcr and then n11adc: o httle quun I JJ2t of C.1Cl2 \I as d1ssol\'cd first in

lip to 101111s an a I On1J-volu111ctnc flask
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II 

Iii 

• S11clll ng burfcr (Buffer C}
Prtpara11on as descnbcd under preparation of buffer CJ.S.2. PROCEDURE
Three assays \Vere earned out for each group member.Swelling ,,·,thout tnggering agent
SweJhng \Vllh triggering agent.
Spcrm,ne lnh1b1t1011
M ""'h0,dna ( 0 ,4 mg of pn>lma/m I) w," pn,.fooobOl<d m <ho """"''' of '"""°"' ; ,"'"'"• """" fo, abou, J "''""'"' " Jo'C pno, 10 oh, oddu10, of c,c,, (lrigg,n,8agent) 30 seconds later 250m,\,f sodium succ,notc ,vas added nnd s,vclling r:ite ,vasquantified at 540nm based on the procedure described by Lapidus and Sokolovc (1993). F'or as oy \Ylthout triggering agent. odditaon of CoCI, ,vns on1111ed, spcrm,nc ,,·as ndded•mmcdiotely of\cr tlie addition of rotcnone, JUSl before the addition of mitochondno nndIl le lll1)(turc ,vas incubated for 3 minutes in a ,voter bath 01 J0°C \\•1th thorough n1ix1ng for1 ·Tlntnc inhibition dctcnn,nouon. Liver samples from untreated M1mals ,verc used for

l/ic '"·Vitro induction of �lembrnne Perme.ibility transition pore by 30011 �1 CaCJ.tn1glllitochondnaf protein The procedure nbove (,1·ith triggering agent) ,vos used.
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ample r Swelling Rotenonc Sperminc

ne, I 1.2, PROTOCOL FOR MITOc1101<0RJA1 SWELL"G \SSA l
Mitochondria CaCf

2 buffcr(µI) (µI) (µI) (µI) (µI) 
-�

Buffer 

Blank 
2,500 

M 
s 

II 
� -

-. 

-�

\Vuhout 2,385 
25 

40 
-

-Tnggcnng

agent 

\\'j lh 
25 

40 25 

2,360 
-Tnggenng

agent 

40 2S 

Spellllinc 2.297.5 25 62.5 
Inhibition

C 

DJta reponcd arc rcprcsenta11vc of rnult,p c I (2) c,;pcrimcnts per animal.

I 31 

Sodium 

Succ1n:11c(µI)

50 

so 

so 
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J.6. SEi\1 EN EV ALUATlON 
Tho "" w," sacri fi"d, p lo"d oo don, I "'°""'"""'Y ond 1h,;, '"'fol" w,re «emov.:d
Sro,�, , lo woe , bdom;" o I me,,; oo. n,, n gh1 ood 1,n ,,, did,..;, w "' In""""' o ,r ""
..,, of •h, '"'" ,od ""''" -ph:s '"" oOlltt,od """& a P,.,._, p,pouc from •h, u, I
or >ho op,d,dyn1;, wuh o soop,1 blad,. T '"" o, w,11 o, cp;d;dymos '""' ho,v"'"' ond
P1tSc�cd 1n I Oo/o (v/v) fonno-salinc for h1s1opn1hology. S""'" sompl" ob1a;o,d "'"' p,omp,l y  onnlyzod fo, "" follow;,g, mo!ilily, p<reco1og,
'1abduy, spenn conoen1m1,on, ond mo,phology "''"• """'""o"'I m<1hods '"'""" by"""'" "• 19 77 Co loo, ond co"""'"' y ""' '"'""'""' •, """ I '""'"'" I •Od
\'Olurnc of CJ:iculate rend from a grndunlcd collecting lube . .l.6. I. \' olu n1e
'n1s \\as done by volume d1splacernen1, 5 

h 

'""" wo, collttlol '" IO Sm! of oonnoJ "''"'and then lhe volume dc1enn1ned3·6·2, \lass Activity
I 

-

'b d b) Oyeycm1 et al, (1996) Procedure· A

1 "·as done according 10 the me1hod descn e 

\varmed glnss shde and vic\\·cd at

111thrr lh1ck drop of sernen \Vas pipeued unto 3
lllai.,iilic.ition of x40.
l,6,J, �I Ill 1 01 I)

1 progressive n1otion over a field of

l1. 

O unidll'CCIIODll 
·� 15 1he percentage of sperm cells 10
lllicrn'<:opc,
3·6J,J. Procedure 

II led scn,en on o clc4n wnnnedf the co cc 
�I 

· 11 drop O 

O!iluy �as determined by pulling
I Tiiis ,vos gently rocked and

tlJ,. 
2 9o'o sodium c 11rn1e so uuon. - •hd, WUh , few d,ops of · ' 

""'"·', uo,fonn mm,"'""" ""
� 

f the cover shp p 
. 

trcu "-'Uh a cover slip (lhc use O 

, ) lhcn \'lcwcd 01 mD11nUicn11on or
llo•hnp or II and delays drying O 

nrovule 1he mos1 sil!llllican,

f rhc smc,tr sperm cc s 
sidcrcd 10 ,. 

t40 

'l'I ICSI l� COil (l�'Jait1s, 1977), The n1ob1 I y 
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mfom.,tooo •bou' the q", H l y of "meo !hough i I is subjo,1 i, , to focto,s " h,ch if <tot

properly rnanagcd could alter its scnsi11v11y 3.6.4. Dc1crminnt1on or pcrccnrngc \linbllity Somen '""a" Were mode aod staio«J wnh Eosio-NigrnSioo stotn fo, dctenn1001ioo of
-••• viability The Eosin-Nigmstoe stain di1To,onii010, do,d fmm Ii« «lls '"'
"""' lho bookg,ouod saiisfoctority. The Slot,ing mixtu" eonb,n, I% Eosio 8 ""' S% of•h, .,,,.,..,_. '"'"· Nigrosio, in 3% sodi,m '"""' dohydra« rolmioo Th, """"•
llli>tturc can be kept for a long period or time If refrigcr:ircd. 11,, '"•·dead """'"• prio<>ple " bas«J '" 1ho obseNotioa �" ""''" stWos. io lhlscase cos,n B, penetrate and stain the dead spenn cells, whereas, the viable cells repel llus11a1n. S1a1n1ng should bo done ,vilhout delay.3·6,4.t. Procedure 
1 Ut1on Was done by the use of nppropna c 

DI 
I nnioun1s of the strun,ng mixture. A rclu1ively1ma11 drop of semen ,vns placed on a ivnnn 5 · tide A S to I O It mes larger drop of 1vannu 

O the semen. The sen1en nnd stn1n1ng m1x1urc

11n 1nv m,, turc 1vas added or placed ne.\t t ._.,_ 
h npphcntor ... . 

511-c' Not more than J 10 5 sees \\•ere
··� &tntly mixed togetJ1cr 1v11 an 

. . d :u,d quickly a1r-dned. The shde 1vns

11101,Cd for m,, ing A smear ,vns then n10 c 
�-- _ 00 and 01 lcasl 

""111nct1 01 rnagnifico11on of � I 100 st:uncd and unstained cells 1vcrc....... 

u IS c�limated The Ji11e-dc:id count supplements
--vunrct1 :ind the percentage of cnch gro P 
Cltb" than replaces the n101ility teS!s, (uung. _ 1988· ZcmJllnlS, 1977).
l,6.s l:: , :\lor phology 

, 

· · i.amtnnllon of Cells ' 
c:ncc aud ,ncit.lcncc: 01 abnonnaJ

TI: 
dc1enn1ne the prcs oc Ptirpose of this evuluouon 15 to 

. 1977 
,...... 

th I of ZcmJDOl5, • �'Ills. The method ,vas occording 10 ll 

'·•.s. I • p" <ed '"' 
' sUd, with '"° d tops of IV <Its '"'

,\ d 
clean ,vam1 gl;i.s rop of semen was placed on J 

ar \\ 115 ,nade on 11nothcr clean
,\-,ii

,xc:d 1oge1hcr 'lil1n 'f hcse "'ere gently "1 

JJ) 

and a )Inc: 
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""" , Ii d, ( to avoid eo Id shook). th<a '"·dried. Th, , hd, "" obso,v <d ""d'" a Ii gho
mt<tOS<ope (x I 00 magni fioalioo) for the P"''"" of oboonn,1 «II, oot of " leas, 400

'P<m, 0011, from '" e,aJ fields of the shdo, Th, ••mbo, of'"'"" 0011, and p"''"''&e of
.ihnonnal spem1 cells ,,·ere noted and recorded. 3.6.6. I•\ nlun tion or Spcr n1 Co11cc111rntion llt, •morovod N'"bau, hoemo,ytom,1<, mothod " d"'orib<d by Z•mJru,i,. 1977, wo,
UScd for lh1s cvnlunlion. 
3.6.6.I, Procedure 
Som'" '"' pi P<Ued to 0. 5 mork oo the pi pot lo ( "''" g tho "d blood <oil pi p,u, l and this14.is llladc up 10 I I O mark on 11e pipe e I II ,v11h nonnal saline \\•luch serves lo dilute and Ii,"1c "Pcnnn1ozon present The pipette 1 s  t . c 1 
,t 

. 
h 11 ·ntroduced inco a p1pc11e shaker Wld allo,vcd10 llll\ About 2 10 3 drops of the diluent ,vcrc is 

. 
d carded from the pipcue before 11 ,vas

haen,ocymetcr for counting Data ob1a1acd

1011"<luccd into the coun11ng chnnibcr of Ille 

. ificnnt (p<0,05) lc\'cl. 
\\ere illlal)"lcd using lhc student I-test 31 a sign 
l,7, I.IV£R ll'UNC'flON TESTS

N AND PRFPAR;\TION 

3.7., llLOoo SAJ\t)>J E COL..t..ECTIO 
· 

' 

. . lSmg/lOOs bw ond 6Smg1,

On I i 

u s "hich n:cc1ved bet,, ccn 
h, 3 I day, troo tod rats (gn> P 

" w hieh "'ei,ea ool y r <od

� 
} and control (the gro p 

or the loaf deco,hon or M "'°"''"'0 

, I 1100 ,n., "'""& b,ro """"'
. d b} ccrv1c:il dis ou .., -�., ad hbitum) were .. ,nfioo 

. NI" P'"'"" imo stcnlc "°iVOBole collected by ea I �,m,,h, and blood S4mpl« we< 
d r., obo" JOouo, m Ohio, to <101

�Ille tubes The blood sample.,; \\IC ' 

fi r I 0mins nnd the supc:m11111n1

re ·1ll0,vc:d to swn . 

000 r p.n1 o 
l'1. 

lnfugcd Ill 4, 

. 

.... '�'"" '""'pi<, '"" '"'" ... 
d "'"'' ""''" , •• ,,. .. �"""cd) into ne,, an 

\1) 
h 

t d (p1pcu 
le "llS the scrum ,vas scpara c 

11 the Liver runcllon lcsls,cd fora 
II() 

• Kits v,erc us 'CU II 4°C Rund ox 01osnosllc 

s \J\Jl 'iASI (,\1 I,l\1-' l'R \� . 
l.1,2. ,\SS\\' OF Sf'RU:'\I J\LANI . 

und fr.u1kc:l, 1957: 
' , . 

( Reitman 
llic 

the method 0 �y 1vll.\ perfonned u�1118 
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3.7.2.1. PRINCIPLE
Glutamio pyn,v,e Tran-masc••'"'"""" by momtonng th, co,oon11,Son of P)'ru,01o 
h,·dra1one formed \Vith 2,4-d1n1trophenylhydr112inc. u-Kc1og1t11ara1c + L-Alanine -. L-Glutanate + Pyruva1e.� 

Rando:,; Assuy Ku ,vas used and the composition is ns follo,vs;Solu lion 1. 
n,,, o, th, b,1r., <on<,omng Phosph01c b,rr., (IOOmt.UL, pH7,4), L-Alru,;"' 1200mWL)and o-Ke1oglutarn1e (2 .0mlvVL). 
Solution 2. 
1 nis 1s the colour developing reagenL I 15 • • 

'h. 

I · 2 4 din1trophenylh)'dru1ne (2.0mtvf/L). thereagents \\·ere stored at 4°C 
l,7.2.2. PROCEDURE
11,c hlru, k was prop.,.od by moo bahng O · . 2mls of solution I for exactly 30mins 01 37°C,

and IJien 0.04mls or sample 1n a 3 ml
th,, Popottmg 0.2ml, of sol"'oon 2

. cd and allowed 10 Slllnd for c.xacily I I on ,vns m 1 :it 

""'"'Photomotric oo,cue. Tioe '° " ' 

I ydn>Mdo , . ., """"' lhc 

20n, 
. h 2 0ml of0.4MoUL sodium I , 

l,U 31 20 to 2s0
c . a Iler \VhlC . 

s \bsorbance \\ 3S lo.ken at
SOlu1 . . d used as samp c 

to, "'" agaon moxod on 
T"'"""'""' rn rnm,..., by hogh

I blank oner m1ns. , 
54 

s1 s1imul1111on of 
6%. This procedure guides ogrun 

or oxoaculs."""'"'"•n of old,hyd.,, k,ton<S 
. 2 1 of .,,,uo, I Md """'""' foe

F. 
. nuxcd ,v1lh 0. m "th, "mpl, 0.04ml of ,ampk " 

, ,, ndd"1 •nd the ,01,110, is

, 

0 2ml of solu11on -�"11) lOmm, at JT'C, oRoc whoeh . 
, 'C 2ml oro 4M NoOII "" •dd"1 I 20 nuns. at .s l'lli.\�d 3/ld illlo,, ed to stand for exact y 

S46nm 11fler Snttn\ lild 
boncc \\'AS

Dllcr bl'lcf i.hak1ng, the obsor token 111
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T ,\RI .E 3.J, PROTOCOL FOR TIIE DETERJ\I INA TI ON OF SERUM ALANINE

TR."S l,,IN IS>; (Al.lJ ACT11•1Ty (Roltmoo '"' F.,,,,,1, 1957). 
�- --------------------=s-11m--:p1:-e Blank
SJrnplc 

Solution I

� was mixcd-nnd incubated for cxnctly JOmin at 37°C.Solu11on 2 

0.2n1I 

Sample 02ml 

�was mixed and allo,vcd to stand for cxaclly 20min o1 250cI 

O.O-ln1I

Sodium Hydroxide
2.0ntl 

done against n snmplc blank. 
5Pctirophoton,ctric mcasurc,ncnts ,vere 

111, 

Sample 

0,04ml 

0.2ml 

0.2ml 

2.0mt 
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J.7.3, 1.

J.7.3. \SS,\\' Qr, SEttUi\I ,\SP;\RTATE Til,,\NS;\J\llNASE (;\ST) Thr assa> ,vas pcrfom,cd using the method of Renman and Frankel, 1957;PRINCIPLE 
GI"""'" OXaloac,1o, T"'""''"'""' is '"""'""' by moOU<oriog the <oooootratioo ofo�aloacctatc hydr.uonc fonncd "nh 2 , 4-din1trophenylhydr.u1neo-KctogJutarate + L-Aspnrtotc AST

R�ACENTS
. -:. 

L-Glutamnte + oxnloacctatc.

Randox Assay Kit ,vns used and the composition 1 s  as follows;Solulion t.

Th,� is the bulTer conla1111ng Phosphate buffer ( I OOn,�111. pit 7 4 ), L-Aspanate1200rn�-tL) and a-Kctoglutarnte (2.0mM/L).
�olullo n 2.
This is the colour developing reagent t is •· I , -t-dinitrophcnylhydr:vinc (2 OmM!l) Thelt�sents \Vere Stored at 4°C
l.JJ.1. Pnoceount

f lution I for exactly 30m1ns at 37°C,
lh 

b . 0 2mls o so 
c blank ,vas prcpnrcd b y  rncu allng . 

3 Ilh O O-lmls of saniplc 1n a m 2 and en • 
then 

O 1 f solutionPt P<tto "g . 2m s o 
. . ,d , "°'"' ,. <taod fo, """ ly

s 
ixturc ,vas mixed a l'«ttophotomeiri, ,.veu, Tito m 

L '°"'"'" ltydro"de "" add<d. The
' 

0 I of 0.4�1ol/ ·O..,n," 20 to 25"C. ,n" wluoh 2. m 
Smms Absorl>Moo "" "'""" Pie blank after •••, 

d scd as "'" 

b h h 

re ''as uga,n mixed an u 
ofTmnsanunascs 111 some scro Y 1g 

54 
. ,n�t sttmul:111011 6nin ln,s procedure [nudes oga · 

ds 
en... 

s or O:\ODCI ' 

• b 
I'. 

-•11;cntr:i11on of aldchydes, ketone 
. . 0.2ml of .solution I and ,ncu ::itcd ,or

f 

. ixed \Yllh 
Or lhc s�- 1 0 04 f s11mplc 1s m 

. 2 .is added and the m1,turc 1ci
..... p c. . o 

I f solu11on " �iclfy 30 . 37"C oner "hich 0.201 o 

.,C 2n1l of o -1r.1 NoOl 1 '"DS nddcd 
rn1n5 :it , 

• ot 25 · 
tly 20 m1ns.lli1�Cd nnd allov:ed to stnnd for cxac 

t SJ6nm ntler Smln�. 
C \\'II� tnktn :I lt)d lllter a hncf shnkinl(, the nhsort>nnc 
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T<ntc ,.,, ••0Toco1. FOR TIIE DETERllllNATION OF SERUM
"" It I \ I E I RANS AM I NASE (AST) ACr, VITV (Rohm,o mod ""•k<I, 19S7).

- - . -----------------�S;;::irn
:;:;:
p
�l;:c i:ie ,11�:i. n,;:;k� -----------s"ami>ie-

---
-
---

-
--------------:---- -- --------

-
---l Solu11on I 

0.2ml 

Sample 
• 

15olutionwas mixed and incubated for exactly 30min Q[ 37°C -Soih1u;;;,i�on:--:2,------------ -

0.04ml 

0.2ml --
--

-

Sample 

�, . 
_-;;:�;:.:, ·-· � d � :ictly 20min Q[ 2s•c 

10 Ulron ,vas OliXcd and allo,vcd lo Sinn or ex 

0 2ml 

0.04nll 

L :"i�i:::::::i:::---------------- -22 . . .  0011111I

-� JUC.Jrun, liydroxide ..... 

miinst a Sil!nple blank, 
sl\a.. 

ere done a,,_ 
�\Clropho1omc1nc measurements ,v 

11� 

0.2ml 

• 

2.0ml 
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17.4. 
ASS,\ Y OF SERUl\1 ALKALINE PROSPIIATE (ALP) 

Th, ALP «li,·it) wo, detom,,ood ">iog oo op,,m,,,d ,1a,da,d mothod desenbod by
Englchnrdl, et al , ( 1970) 
3. 7.4. I. PRINCIPLE

P-nitrophcnylphosphate + H2Q Phosphate + P·nitrophenol (Deutsche
Gcscllcschan fir Khnischc chcnnc, 1972). ALP""''" th, hydrolysi, of tho pho,phot, '"'"P oo P·mtrophenyl pho,pho� to )'<IdP·nurophcnol The amount of p-nitrophcnol produced is proportional to the 1\LP activnydcterrnincd spcctrophotometrically

RE,\CEN'J S
Solution 1. (R In}.

r con1a1n1ng lmoVL . o 

Durre 
(pH 9 S) f Dicthnnol:uninc buffer and 0.51MloVL of l'\lgCIJ.Solution 2. (R I b }.

ub, tr.irc containing I Oml\llol/L of nitropheny P osp 
S 

I h hnte Reagent� "'Cre stored at -1°cl,7.-1.2. PROC'tDURE:
'oc ca111tog number of the kit used ,vns
,.,,_ 

AP SOl(20mls for 5x20mls), 20n\ls of buffer
bstnllc (R I b) and the reconslttutcd f"CllS�I

ltta \Vas rnixcd ,vuh I vial (20mls) of su 

O.SOn,ls or the working reagent ,vas added to
sc"Cd 11s lhc working rengent.(used fresh)

. I n ,vas mixed The 1111t1i1I nbsorbance
0 ,, 

II ng so UIIO . 
vlm1 f h I nd the n:su 1 

o I e lest samp e n 

1 \bsorbanccs \\ ere fl.'.ad a1tain
-.ts r d ng stl1!1c d Simultaneous y, ' " at 40Snm and the ttmt 

. . d<t,nnlood "''"• th, fom,ul"e oc11v11y ,vcrc 
•fltr 1,2 illld 3 minutes.Chnngcs in cnzym 
for , At\ nt 40Snni/min.lllicro analysis; U/L 2760x

1 l9 
AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



lABLEJ.s, PROToco, •on 1"H£ DE1 ... IINATION OF SERu"

II K.11 "F PIIOSPIIA TE (ALI') ACTIVITY <E•gl,hoNls " of., 1970).

r 

Macro Semi- �hero 
Fonnulac 

�1acro 

1 Sample

0.05ml 0.02ml 0.01 TI\I

I 

3.00ml 1.00ml 0.50ml 

. Re:igent (25°C, 30°C, 37°C,).
---

J. 

at room (25"C) and ngoinst air

SPtt1ropho1ome1ric n,casurcn1en1s ,verc done
l:xpenm<?nts ,verc duplicated for each nnimal.
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l.>,. 
ASSA V OF SERUM GAl\JMA·GL UT AMYL TRANS FERA$& (GGT).

Th, ""' m<1h•d ""'" w., '••• """"''"• 1o th, meth•d •ri.,,..,, •• ( 1980) 
J.7.S.I. JIRINCJ PLE 
L-r· glutamyl-p n11roanilide+ glycylglycinc GGT nnroan1hnc (Szasz. 1969) 

V1·gl'1,myl ..... l,•onilioe ood glyoylgly,m, o« d•o0t ond °'"PI•• •< Ohc gl,1omyl 
•oop '"PCCIIVely Y·gl,14,nyl _,...,. ""'"" "1, Y·81"1>myl grn,p •< L,y.
�'1"'1yl ..... ••oniHm, •• glyoylgl)'Omo The ""°""' •f ""'"°"'•lido Iibem1ed "

L-y-glutamylglyglyc,nc � P·

Proponional to the GOT':; activity (dctcm11ned spcctrophotomcuically).REAGENT 
1Joe SUb,tr.,i, ••ol�o, Tri, b,1T0t (71.5mMIL. •H 8 2S). Gl)'Oylgly,,ioe (126mMIL). L-y.
�luiamy(.p.nuroanilide (4mMol/L) and surroctnnts. l.7.s.2. PROCEDURE 
lhc catnlog number of the kn used ,vns GT 1065 (20x3.0ml) One viol o( substrate ,vnsrcc0 

d Oler and the n:conshtuted reagent served as U1c

ns111uted ,, 11h 3.0ml of dc1on1zc ,v • 11, • ., 

f lhe "orking reagent ,vns added 10 0.1 Otnl or
, • ..,, "'''"' ("'od fresh). 1.0ml O 

. 
• • 

"-'- . 

0 d the resulting solution ,vas mixed The 1n111al

�11Plc 
10 a I 111I cuvettc at 25 C an tb 

. · 1 i.tanc:d i.1n1ultw1c:ously J-\bsorbanccs ,verc
SOrbolllcc ,vas read at 405nn, and the un,u g r
� again after I 2 and 3 minutes 

1 

' 

. d . g lhc formulnr be o,v 
Changes tn cnzyn,c nc11vily ,vns dctemunc us1n AA

, 

0 -�am
"'�X,10.1.al nss.,y vol {ml) x I OO 
t.\ P�th (t'n,) x hg!,1 (cm):\. so.mplc \'OI, (ml)

dA.J • 
minute 

111111 • change 111 Absorbance per IIMJQ 
litre r.ictor for converting ml 10 t "" I 

• 1roan11inc0 ar .ibsorpon1v11y ol p-n, 
�9c l rn , l'llol "' 405nm

1 1 1 
tl(: 

. O 21111 .. 1 lar ... 2 2ml xl000/9,9 .x 1cm x · 
lift. 

1111 x A 40Sn,n
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TABI>: 3.6, PROTOCOL FOR THE DETEn.llNAllON OF SERUM GAMMA. 
CLliT Al\'fYL ·rRANSFE�\SE (GCT) ACTIVITY (Lndensoo, 1980). 
--

onnulac 
Macro Scnu. 

Macro 

Sarnple 

0.20ml 0.10ml b,,., (2S'c. 30 C, 37"C,). 2.00ml 1.00ml l 

e 31 room (25'C) nnd against air.

SJ>ctirophotornctric measurements ,vere don 
E�Pcrimc:n1s ,vere duplicnicd for each ani,nnl.

• I"
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1s. 
111<:1\i\tAT01.oc1cAL s·ruore:s RIOOd "'mplos '"" eollootod intmo«olo,ly "" No EDTA boulo, on the 31• doy, ,n.,

•, """"' s h >,e bee, fa,ted ovomight The ho,n.,tolog,c,t ""' '" w,,. '""""" 
""" " •hon hme " po,.,bJe i u  tho Vot<nao,y Moh,.,, Labor..,o,y, Foeohy of
'"<n'"Y Med,oi"', Un,ve,sity of lbodon, Nigon, Rod blood «II (RBC) ''""'· whne'"°" «11 (IVBC) oOunt, POOked ooll "<>iom, (PCV), """'oglobin oonoontr..tion ond the
RBC iodi«s {MCfi (meon '°''"'"'"' hoomoglobin), MCV (m"" ooq,oso,1,, ,oJ,m,)
and \ICI IC (mean corpuscular heamoglobin concentration)) ,vcrc nil estimated. RBC
111<hc1cs were calculntcd from the RBC count, lfB conccntrnllon and PC\ c:stima11ons All dat.i were expressed as !vlean ± so and sta11s11c.illy analyzed "1th the studcn1·s t·tcst1111d Onc-\\•oy ANOV r\. p <: 0.05 ,vos considered stallstically sign1ficon13·9· II IS ro P,\'I 110 LOG\
S'"'pl f 1 . d fro socn· ficed nn,mo.ls ond fixed 1n I 0% (v/v) formo-

�.. cs o I Ver ,vcrc ob1a1ne m s.a1 
done \\'llh the testes and epid1dymcs,

•nc for histopatholog1cal studies San1e ,vns3·9·1. PROCEDURE
h. . 

didymis) ,vera removed from the fixative nl\er
'11C hssues collce1ed ( livers testes nnd cpi I ' 

d grndes of alcohol (70�o. 800,o, 900/o and
'

0 (
2) ••�. dchydnucd ihroogh oseen ,ng 

. . dded 10 parnffin \\'ll\ ond cu1 into 5 n)lcron a
�Soluic) ele::1red in xylene infiltroted. embc 
Pictc on R . h I otonc for light micros 

• 
cope studies, They ,vcrc then mountedc1c en u Ira mtcr 

. (Ii nnd E) uccord1ng to routtnc
On sftdt d . h hocmatoxy tne ' I and COSII\ • on s1n1ncd "it 

nred ,vcrc examined for quoh1a1ive
� 

T,�u�p� •du,. fo, hgl11 mie.oseopo. 
d " which .,N,d " ••nJrol. Th,

dirr,.___ 
the nonnal untrc:itc r:i , ··"nccs tn compa.nson to •lid 

. fi tion of X I 00 C3 \\ere cxnm1ned al mngnt tea l,Jg 

I 

· O,\'r,\ A�,\L\SIS 
ups ilnd 1hc expcn111cota groups

1n 
the conuol gro c d1flerence (�fean . SO) bcl\\ccn

, ·once (ANOVA) Clnd Student's t-t�t
\' 

nalysis of "1111 •• '>llnt;hed usmg !he one-way A 
• iJlconL All daJo w,n, anoly,ed """G

�-\ 
idcrcJ as s,gn 4lues less thn11 0.0S \Ycrc cons 

. � 
� 

a.re Packag tcct lllld Ong1n 7.0, Computer SoJ\,\ 
, 41
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3.8. IIEAI\-IATOLOCICAI STUDIES
Blood samples \verc collected 1n1raoccularl:y into Nn EDTA boulcs on the 3111 day. afterthe anunals have been fasted ovem1gh1 The hcamatological studies \Vere performed \\llhin as short lime ns possible 1n the Veterinary Medicine Lllboratory, Faculty ofVctcnnary Med1c1nc, Un1verstty of lbadnn, Nigeria, Red blood cell (RBC) count, ,vh11cblOOd cell (\VBC) count, packed cell volume (PCV), heamoglob,n concentration and theRB(' 1nc.liees (MCH (mean corpuscular hcamoglobin), MCV (mcnn corpuscular volume)
and �ICI IC (mean corpuscular heamoglob1n concentration)) ,vcrc nll estimated. RBC
lndic1cs were calculated from the RBC count, 118 concentration and PCV csttmations
All data \\Crc expressed as Mean :t SD and statistic�lly analylcd w11h the student ·s !·test
IUld Onc-\vny ,\NOV A. p < 0.05 \VUS considered stausllcnlly significant.
3·9· HIS'l'OPATIIOLOGY

S�plcs of liver iverc obtained from sacrificed ruumals and li�cd in I 0•1. (v/v) formo-
' I done \\'ilh the testes and cp1d1dymcs. a 1nc for h1stop:itholog1col studies. San1c iv.1S 
3·9·1. PROCEDURE
Th ·t1 ·s) \vere removed from the li,;nttvc afterc tissues collected ( livers, testes and epidi ymi 

O 0 des of alcohol (70%, 80 Vo, 90;,-o IUld 1110 (2) days, dchydrotcd through nsccoding gm 
. _ 

d . nr:iffin ,vnx and cut into S nucron aa1>so1 d cmbeddc 1n P Ute) cleared in xylene 1nfillrntc • 
cd . · • 

c studies rhc� 1verc then mount Piece o ne for hght n110roscop n Reichert ultra m1croto 
H d E) according 10 rou11nc On s . x ·hne :ind cos1n ( :in , hdcs and stained \Vtlh hoemoto > 

d \\·ere c,nminc<l for qunlita11ve Pr� Tissues prepare llurc for hght m1croscopc

cd 1 \\•hich �crvcd as control The dirr, om1al untrcat � s, 't'llces in co111panson to  the n 
1l1d . on of:XIOO.ts \\ere examined at mngn1ficall 

l
,
JO. 0J\'f'A ANA 1 .. YSIS ups 1111J the cxpcnn1cn1al groups 

'the he control g.ro 
dl!fcrtncc (t\1c3Jl :tSD) bct\\lccn t 

QIICC (ANOVA) nnd Student's l·ICSI . .,, 
An ly)is of van 

. 
trc Cl!amincd using the onc-,vay o 

. ' 1fltJ11I, ,\11 datu \\'CN: annly,cd using
�-, iJcrcd as sigfl llucs less than 0.05 ,, ere cons 
l packages,�c,1 llrld OnKin 7.0. Computer son"·11re .� 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



18. IIEAl\1A1'0LOCICAL STUDIES 
Blood samples ,vere collected intraoccularly into No EDTA bottles on the 3111 day, anerthe anunals have been fasted overnight The heamotological studies ,vcre perfonnedv,ith1n as short tune as possible i n  the Veterinary Medicine Ulboratory. Faculty of\'ctcnnary Med1c1ne, Un1vers11y of lbudan, Nigena. Red blood cell (RBC) count, ,vhiteblood cell (\I/BC) count, packed cell volume (PCV), heamoglobin concentration and theRBC indices (?,,!CH (mean corpuscular hcamoglob1n), MCV (n1can corpuscular volume)
and �1CHC (mean corpuscular heamoglob1n concentration)) ,verc oil estimated RBC
1ndicics were calculated from the RBC count, HB concentration and PCV cs1ima11ons 
All data were expressed ns t-lcon 1 SD and statistically anal}7Cd ,v1th the student's t-test
and One-way ANOVA. p < 0.05 \\'OS considered sta1Js11cally s1gnificnn1.
3·9• IIISTOPATIIOLOGY

S I fi d · als and fixed in 10°-'o (v/,•) fonno-Ullp cs of liver ,vcrc obtained fron1 sncn 1cc ruum · 
...il d e ,, 1th the testes and cpidid>mcs. inc for htstopotholog,cal studies. Some" as on 
J.9.1. PROCEDURE
Th; . . ) ,vere n:mov(d from the fixlltl\·e onerhssues collected ( livers, testes and cpididymts 

O 0 11- . , des of alcohol (70°,o, 80 '•, 90,o and0 (2) days, dehydrated through ascending gm 

d . oroflin ,va.x and cut into S 1n1cron a lbsotutc) cleared 1n xylene, 1nfiltrntcd, cmbcddc in P 
d 

. _ tudics They \\'Cte then mounte Plttc o R fi r light microscope s n c1chcn ultra m1cro1onc O 

• and E) ncconJing 10 rouune�� slid . . ·hnc and eos111 (I Ics and s101ned ,v1th hocmotox) 
on,ined ror q11t11i101ive arcd ,vc:rc: c:i1 �Ocfd Tissues prep urc for light microscope

,vhich served os control The dirt nl untreated rats, CTtJlccs 1n compnrison 10 the norm, 
t'1d f X 100. cs Were ex:u-nincd ot magn1 ficouon ° 
l,10 • OAT\ Ai�,\LYSIS and the c:>.pcri1ncn1ol b'TOUpslhc 1 contr0I LtfOUP d1ffcrcncc (Mean :SD) bct,\Jc:t:n I ic 

llflCC: (ANOVA) end Student's 1-1�1. 
\er -,1�,s of Von 

.,, . c �,nunec1 using the one-\\'OY An, �-
1 All dotn \\JCl'C on;llyl= usingP ·gn1fiC� '\IJ . dcred as s1 Ut1 le» thnn 0.05 ,verc cons• 

t\ packages. tcl :..... Sol\,\'ll!C -1\1 OnK•n 7.0. Computer 
• I J' 
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to. 

CliAPTER FOUR
EXPERil\1ENTS ,\ND RESULTS

IXPf Rl�ll· NI I: EFFECTS OF TIIE LEAF DF.C'OCT!O� or \/01\fORDfC,1
CII-IR.l1VT/1I ON MITOCIIONDRlALi\li<;l\18RANF. PERI\IEABll lTY
TR.\'ISITION (i\11\1PT) PORE.

l\lRODUCTION

\iitochondriol Pem1eability Transi1ion (MPT) hns been found 10 be involved 1n the
rtgula11on of apoplosis, as ihe mitochondrial pronpoptolic factors such ns cyt c, A1F nnd

Smaci01ablo, \Yhtch are nonnally confined 10 the milochondnnl matrix ore released 

lhmugh 11 1n10 1he cytosol. Once released, cyt. c binds \\'llh Apnf I "'hich prompts the 

1ttiv11a1ion of easpascs ,n the presence of i\TP/dATP (PclrOntlh t!I (I/., 2001). The

IQ!il.l11 on II 1 
. . 

d tcd program hns had profound 1mphcu11ons for thel[I apoplOSIS IS O gene- 1rcc 
U!i\lcrs1and f d 1 b 1 �•id tissue homeosto.sis, for ll m1phcs that celltng o cvclopmcnla 10 ogy ,,. 
nlllll1..,_ . f1 0 cell survival ns  ,veil ns those thnt control"'-TS can be regulated by factors lhol 1n ucnc 
Prolifcr:ilion and di CTerent1atJon.
�101 

r cs th:it cell dCllth. like any other metaboliccover, the gene11c basis for opoptosis imp 1 
(( d cd b mutnuon 1n fact, dcfcc� 1n opoptouccvcJopmcn1a1 program, can be distrupl y 
P!.Urw mbcr of human dlscnscs, ronsms from

ay, arc no,v thought 10 contribule to O nu 

llc\illld _ c (Tliompson, I 995)cgcncra11ve disorders to mo1tgnnn y 
cn:cnl:t1tc of cell lo�s from �trr 'b'lity 1h01 " 1:irgc: p rt n/ (197?). have raised the possi I 

linned by subscqucnl studies 
' {hCSIS 1\35 l)cen COO I 

was due lo apoptos1s and this hYPo 
usly n,uress1ng turners and 1n 

· spontllllCO o-"hith f poplOSIS Illrc,·ealcd o high frequency O O 
tl al 1994). Twccn totethcr, these 

l.i:t;o ccr ogcnts (KCfT ' 
. 11 lrea1cd ,vuh cytotoxic anucan 

h gh rnrc of cell loss 111 111:1hgnm1
,, con1ribuled 10 o , 

1110ns suucsted thal opopiosrs
. (Lowe nnd Lin, 2000),'�rs ic turnor regr�10n 

BIid, moreover, could prorno 
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I 

1 1 1s now well cslablished thnt anticancer agents induce apoptos1s, and that d1struption of
ap>ptouc programs can reduce trca1men1 sens111v11y (Schm111 and Lo,ve, 1999). Sun, et al.

1200-IJ, 1den111icd rcprcsentnt1vcs from various classes of chemopreven11ve agents from Ln­
\1lro studies ,v1lh sufficient evidence to provide a dcl.lllcd account of their apoptollc
mcch.inisn1s. Most of these compounds can aclivate caspases through 1nmns1c crrcc1or
mtthan1sms that arc regulated by Bcl-2 family mcn1bers (c.g 1nhibit1on of Bcl-2 expression
or induction of Bax expression) or the mitochondrial permeability transihon (c.g dissipation
of m1tochondrinl inner trnnsmen1brnne potential) (Sun. et n/., 2004)

lnc populonty of I.he plant AJ.churantia in various systems of troditional medicine for
SC\· I · b t vc agents that ,viii be potcnttolly CrJ a1Jmen1s suggests 1ha1 lhe plant contains ioac 1 
USc' - · dcm techniques have ouU1ent1cotcd,ut in drug development. Over I 00 s1ud1es using nio 
, rtnntly some of these studies have 1� use in diabetes and its co111phcat1ons. �losl impo 
lho . b o.st cancer, skin tumor. prostotic cancer, wn Its efficacy 1n various cancers 1nclud1ng re 

Toe mm of tlus sludy ,,·as lhcrcforc 10� HOdgk1n's disease (Grover 311d Yadav, ioo.i). 

. on �,f�IPT pore as Uus may hove a tlucidate the elTect of the decoction of ,\l.charant1a 
direct llllk to its anticancer properties
"�0crouRL

. tlltcd 10 Chnptcr J. � latcnnls and �ln""h 1· ' rs of nn1m11ls ass "" 0ndna were isolated from the "e 
\ttthods

nu als in coch group.
"assays ,verc carried out for nntm 

s-.ru ing Wtthou1 tnggenng agent
Sr.cir 1t1g ,v,th triggering agent.
\l>e llnrnc inhibition

J in the presence of rotcnonc in
\1 

• ,vcrc prc-1ncuhatc 
• • 

locliondria (0 .img of protein/ml)
. he: addit1on of CnCI (tn�cnng

O''C pnor 10 I �clJ1ng buffi r. b t 3 minutes at 3 
dded nnd S\\'clhng rntc \\OSer 1or a ou 

o:itc: ,vns 11 t,Cltt M sod1un1 5ucc:1 
l I h111y seconds later 2SOrn 

LI C. 
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q11.1J lllicd at 54Un111 1n u Bcckn1un l.JV spectrophotometer based on Ilic procedure ofLapidus and Sokolove ( 1993).
for -li'>.l)' "tthout triggering agent, .iddillon of 300µ�1 CaCh ,11as omillcd: spcrminc ,, asadded muncdiatcly nficr the add111on of rotcnone, just before the addition of mitochondriail1d the mixture \\'ns incubated for 3 minutes 1n a ,vater bath at 30°C ,vith thoroughmi'1ng for the determination of sperm1ne inhibition.
liicr samples fron1 untreated animals ,vere used for the 1n-v1tro induction of Membrane
Permeability trnnsH,on pore by 300µ1'111 CaCh /mg mitochondrial protein. 

REsu1.1 s 
F10 l sh . 'fi t hnngcs in the volumes of intact mitochondno "' o,vs that there ,verc no s1gn1 1c:m c 
r1:1 

1 while the ,on induced the opening of P1nng on succ1natc 10 the absence of CD cium, 

about I" folds tn the presence of rrntochondnol pcnneabihty 1rans1hon pore up 10 -
Su . truidard inhibitor of calciun1-1nduccd ccinatc and rotcnone. ln Fig.2, spemllnc, 11 5 

1 1 transition (�1�1PT) pore reversed the °l>cnine or mttochondrial n1cn1branc pem,c:.1bi 1 Y 

b about GS•fo. fig.3 sho1vs the effect of�Ing or ll,e pore induced by calcium, Y 
b On •-[�·LPT pore Here, abou1 D 4-

1/ 
g/lOOS w .. •• ornordic;a chara11tit1 (/,I cl,ara11110) at JSrn 

I S\\ elhng ,vas ahno$1fold , obscr\'cd Acco!'lhng y,Increase m pcm1eability trnn5iuon was 
F , 4 shows that DI 45mgl 100g tllrn I f 4m,\I spem11nc 1g P Clcly reversed 1n the presence O 

b • d Tlui. dccoc11on-1nduccd b 
I on \\'llS O I.ill nc "'· abou1 8 fold increase in permeability uuns1 , 

Por �I spenninc, c Opening ,vns also reversed by 4nt 
.ase �l'[PT b)• .ibout 11 fold� l-i sho,vn to iocrc . Fig S, .\f c-hara111ia al 55mg. I OOg bw ,vas

lltc effect of 65n1g/l 00g bw of lb ne F,g.6 sho1vs ,, 'Ocrcase was also reversed by spcm11 . 
• I\ 9 fold increase in 1\11\tPTP

re opening ' lhc d 1\11\IPT po 

SS g.llOOg b1v but ctoc1ion of i\l cht1rn11tla o11 
than th:it obscncd at m • 

� ·c 1s Jo\\cr
1•) •n

g '"as observed. Tius 111cte35 
. cring ogcnt (Co • ,lllUch • d ,v1thoUI chc tr188 lllorc than ,vhot ,vas ob101nc 
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Thus, the degree of opening o f  the pore was dose-dependent, ,vith a minimal effect of 4-fold increase :it 35mg/100g b,v and a maximal efTcct of I I-fold increase ,vas obtained at>SmgllOOg b,v The use of ANOVA and students't-test also supports these results,SOO\\mg a s1gn11icnnt increase (P<0.05) 1n s,vclhng bet,vecn and ,vithin groups in a
iornewhat dose-dependent manner
The c,tcnts of opening of the pore ,vith Ca·· in the presence or the dccocuon \\'ere
�rrcctcd 1n a dose-related n,anner, At 35mg/100g bw. there ,vas still a significant 1nc�e
111 lhe dccoelion induced opeiung of the MlvfPT pore 1n lhc presence of calcium to the
lune of about 9 folds. At 45mg/1 OOg b,v the increase became less pronounced (9 folds).
llld at 55mg,t I OOg b,v ,vh,ch gave the lughest inducuon 1n the presence of 1hc dccocuon
only, there ,vas no sign11icont odd1llonal induction caused by calcium in the prtscnce of
the decoction ( 11 folds).
1n nllOO b v by cnlcium in the presence of the c c,tcnt of opening of the pore a t  65mi;, 8 ' 

dt.; . h SSrng, I OOg bw because the c,1ent ofoction 1s ho,vcver not as much as that seen '''11 

as only 9 folds a.s opposed to the I 0-'llductron of opening of the pore nt 65mg/l OOg b,v '" 
I . mitochondnol eolc1un, The changes 1nOld inc rease obuuned 1n the presence of extra 

. of \I charan1111 on M�fPTP 1n the U>so b I ;if decoc11on 1 · r ancc representing the effects of the c 
4 I b low Dato is reported .... _ umm11rized in Table . c �c and presence of calcium 10n nre s 

i, \fe.:in · SD
C:ONCLUSlON

. n a dose-dependent manner. l}, • ccd ?v�lPTP opc:rung ' • • 1t4f dococt1on of  Af.c/Jara11110 1odu 

C ,,.-is only sign11ican1 for group t-o.,. the prc:scncc. of il
• 

C'\ er, funhcr opening obscrvcJ 1n
mplclc opcn1ni;s 1n the other ,\ . cJ aln,osl co lh1s m.iy mean that the de1:oc11on induc 

t)U\lps
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I\BLI-. ·tl: l!..l•J,lCJ� OF l llE L£,\l• DlCOCTJOi\ 01' 1\f.CIIA�l1\TJ,1 Oi\

\IMPTP IN TUE ABSENCE ANO PRESENCE OF C,\LCIU�I ION. 

Groups -(n-4)

Solriggcnng agent (Control)
({'aJc1um),
11"!&cring agent (Control)
l·C'alc1um),

Croup A(3Sm!¥ I OOg B,v)
�-B (4SmgtlOOg 8\\-)

Gn. ·p C' (SSmg/J OOg B,v)

�PD (6Smg!IOOg B,v)
0-!Oup ,\ (35mytOOg B,v)

41ciull\,

� 8 (45mg/100g B,v)
Ct�Uni

G:�-C (SSm� IOOg Bv,)
f'1ti'lu111

� "ii D (65mg/100g B,v)
Ct1:,1111t

C hanges . 1n

Absorbance

-0.029 :1: 0.004

-0.344 :1: 0.045*

'- . 
. -0.119 ± 0.035·

-0 222 :l: 0.045*

-0.309 :1: 0.026·

-0.249 :t 0.043·

-0.263 i. 0.014••

.0.261 * o.os1•

- '15+ -0.3- 0.0)9·

+ _0_281 :l: 0.02s•

Increases in MPTP opening in the presence

of dccoctton and/or Ca2• ( in Folds)

1.0
-

11.86

4, 10

7.66

10.66
1-- - "' -�� 

8.59
,_ 9.07

9.21

I 1.21

9.69

. P11re1I 1111/, "'"''"' (i\o 
. I w/,e11 co111 ' I' I . I• (P<0,05) decreost, 

0 ltts 111/,/c!, slguijicaut ') 
,,., �,,,,,g lgr11t).

I ,«. 11•/lt'II'1-01 o OS) tl&1
er 

11"' •vlt/cft 1l,:11ijica11tlJ' (P< · 

· I 111 each othrr.
co111parc • 

\
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EXPERl�1ENT 2: DETERi,JINATION OF TIIE EFFECTS OF TI-IE LEAF o.-rOCTION OF ,\/. Cl/ 11 R,fNTIA ON 

\IORPIIOLOCICAIJ CIIAllAC'l'ERJSTICS OF SPEIUll,\TOZO,\ I_N !\IALE\\ISl \R ALBINO RATS.

SPER!\IIOGRA ,1 \ND 

''TRoouc-r10N

Rtproductavc ability 10 the niale conipnses the produc11on or semen contrurung normal
'Ptrmato1.oa (quality) 10 the number (qunnlity), together ,vith the desire and ab1hty to
ma1c (Setchell, 1977). The testes (male glands) in all mamn1als .ire paired cncap�ulut\."tl,

\I . • . . tcd by inh:rstitinl tissue. Their sizes
101 organs consisting or sem1n1 ferous tubules SCpilrn 
1 

d •ulntcs they cnn be n s  much ns one lry according to the species ln rodents an ung 

nnd some apes, they ore cons1demblyPcrtcni or more of the body '"eight. In humnn 
llnallcr O lnrcoun et al. 1981 ). The cp1didymts 15 nn · . . c,rrenicly large convohncd structure,

I rot surfhce of the tcsllcle (Setehcll, "h1ch I art of  the ale • 1s closely ,11tached 10 the dorso P 
'->77: 0 • YC}cm1 "' al , 2000)

d b orption of spermlbc . c storage, ma1urn11on on a s func11ons of the cp1didym1s includ 
have been correlated ,,·uhtc1t1 ' cpididyinnl m1grot1on Changes occurring 1n sperm dunng 

R 1971) This hos led to 1hcIJ..c r d cp1d1dyn11s ( no, 11nc:11on nod 1ntcgnty of the testis 110 

or nuiJOr and n\lnor spcml <I. and secondary 111rication of .!>penn defects into pnmlll)'
Ii d these dcfcc1s into pnmary,de 

I ( 1988) CfilSSI IC �IS IBloon1, 1973) although �toss et 11 

�Oiidary nnd tcn1ary or n11scclloncous.
b tc�uculnr obnonn31itics lh111 :ireA1... be cuuscd Y "'IIOn..-1 t logics may 

1 (,·,1ncolc vc11\)), '"14 SJ>c:rmatoioan n1orp 10 
1 tht scrotun 

f \ ct1IS \Vil 11n Ill'� I rgc1ncnt o 
'>009) 

t Ill birth (congcnitol), en J 

lthc:1rcm11gjc,COJ1l, -� 
( • \'\\ h�:1 _ _ _  - . th fc\cr, ll1ic11  drug use ond infections

)�' ' I cnticotcd the use of ,\I, c/111r11n1111 In
Oi h ,vc out I 

h I 
'tr IOQ . techniques • 

. ·s1nncc), 111i 111111 :ictena 'Studies using 111ot.Jem 
I insulin resi �.... 

thY co1:ir.1c , �es . (ncuror3 ' llnd us to111phca11ons 
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is \\ell as antiviral agent (tncluding HIV infection). as anthelm1n11c and abonifacient. Most importantly, the studies have shown 11s efficacy in various cancers (Grover and
YaJa,·, 2004). In anunals, the principal tox.1c1ty 1s to the hvcr and reproduc11,c systcn1.
These effects have not yet been reported 1n huninns. Chronic adm1n1strotion or an alcohol
c11rac1 or bitter n1clon fruit "ns associated \\'lth 1cs11cular lesions and a state of inr.:rtilit}
1n dogs and the fruit 1s contraindicated dunng pregnancy (Bakhru. 1997) Also. Ng et al 

iu�c reported the in vitro anti fertility effect of olpha- and betn- momorch:uin ln male rots
l�g e, 11/ 1986) Chan and colleagues in 1984 also reported the tenn1not1on of early
Pregnancy 1n the mouse by betn- momorchorin (Chon et al• 1984>·

Tt. f h leaf decoction of ,\f rl1arn1111a on •ms study seeks to determine the effects o t e 
""'--. . . f s ennatoioa 1n mole ,v,star albino7'"1110!?ram and rnorphological chnroctcnst,cs O P · 
1111. 

�Rocr.uutlE 
,,_ benc , and their tcsllclcs ,verc rcn1oved •nc rats \\/ere sncriliced, ploccd on dorsal rccum ) 

lr.rou .. 1 1 • The right an c c d I n •p,Jidynu, were tr11111111:J ofT the1,11 a O\\'cr abdornrnal 1nc1s1on 
. r. h t ·1�y r re collcclcu ... using a PBStcur p1pcttc, ,rom t c 31 

0 the testes nnd semen samples ,ve 
I . . 1 cd le obtained "c1c prontpt > nna )'Z or th . bi de Scn1cn samp :. c Cp1d1dymis "1th a scnpcl O 

trnuon and mo(Jlhology Penn concen ror tl e v1ab1hty, s •e follo\\·tng: n1otil ity, pcrccntag 
1 7) nt the Vctcnnary Surgcr) nnd llt1n 

• 
b ZemJnn1s, ( 197 

. K tonvcnt1ohal methods descnbcd Y 
Colour and cons1stcnc� \\'ere 

� . o( !bad.in, N,gcn3
Oduc11vc Laboratory Un1\'er.;ity 

. 1 read from 3 graduated • 
of CJDCU ote d... • d volun1c . -..cnn,nC(J by  visual assessment an 

I dcn11sc of :in an,m:il "'llS 
tQllccting lube, Each group (except group
r11;0rd · nls

C ,vhcrc t ic. 

Cd), \\'ns made up of four antnl 
�I St11 t S S*-.SO�'o nt 3Snig1100g b\\, 

motillt)' <77· 
• S,�,ftcan1 (P<0.05) reductions in sperm

at ss,ng!IOOH b\\' and 7.StS.77� Dt
12 S•sQf! b,v, 73 JJ-!5 77¾

Vo at 45n1s/l OOg 
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65mg/100g b\v compared w1Lh control (92±2.87'1/o)) and spenn cell concentrattons (1.c 

f>.125�8 26 (65mg/100g b\v) < 66±7.21 (55mg/100g b,v) < 57.75±4.79 (45mgll00g b\\·) 

� 70 2St I 26 (35mg, I OOg bw) < 82.¼2 45x I 06 cells/ml (control) ,vere observed for all 

arumats which ,verc orally exposed lo the decoction. L1ke,v1se, signific31ll reducuon 

IP<0.05) 1 e 86 2S:l4 79°/o, 9 I .67i:2.89°/o and 88 75±2.S0°,'o rcspecuvely compared to the 
tc>ntrol (96.S± I 73%) i n  percentage viability ,vere seen for animals that received
4Srng,ttOOg b,v and above. Morphological abnormalities of spenn cells above the
PfOJ>Osed percentage (Control - 7.69%, 35mg/100g bw - 9.60'1/o, 45mgtl00g b,, 
12 94° 

0, 55ingtl OOg bw -I ).84% and 6Sing,II OOg b,, 13.02'10),) range of I 0°/o

lll
owcd for breeding (Reece, 1997; Rozeboom, 2000) animals ,verc also observed 1n

Ill T bi 4 '> and 4 3 sun1marizc the cCfects 1rnals that received 45mgf I OOg b,v ond above a cs ·• 

r I spermiogram and morphological ' the lcar dccoc11on of ,\/. chara1111a on t ,c 
cha lb O rats Data 1s reported as �lean SOl'aetcrist1cs of spcm1a101on 1n male ,v1stnr O in 

(O\cr USION
. . 

1 (JO-day) oral ndniinistratton or lls leaf 1 cluira111r" chc1ted toxic effects of sub-acute 

dct0ct - ale fert1hty. •on 1n albino rats ,vilh respect to m 
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I \81.F 4.2: EFFECTS OF DIFFERENT DOS,\GES OF ftl.C/l;IRANTIA ON THESPER\IIOCRAf'vl OF EXPERJi\lENTAL R,\TS.

roups Control Group A Group B Group C 
Onlg/lOOg 35mg,I OOgB\\' 45mg/l OOgB\\' 55mg, I OOgB\\' 
B\V(n 4) (n=4) (n '4) (n=3) 

P.ranictcr 

Mo11h1y 92.50±2.89 11 .50±5 .oo
b 12.50±5 oo• 73 33±5 77ft

0,) 

Pcrtentage 96.50±1.73 93 25:1:3,95 86.25:1:4. 7911 9l .67±2,89b

(',) live.

dc-.iJ rdt10

C'tll count 82.00±2.45 70.25±126b 57 75±4 79b 66.00±7.21b

IXl!f 

cc11s.ml)

\'ol
wnc 0.15:1:0.06 0.15-!:0.06 O.IJt0.05 0.13.±0.06 

• ltnt)

tllpDrt·il ,,,f(/1 co11trol6 
p<D 05) "'"'" co i·at,,el 1"/ii,:I, decr�ased slg11lflc1111' ( 

Group D 

65mg IOOgB\\' 

(n=-4) 

15 oo,.5 11� 

SS. 75:t:2,SOb

64.2518,26' 

0.18±0.05 
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T..\Blf 4.J: £PFF.CTS OF t'o-1.CI-/AJvt VT/A ON TIIE i\lORPHOLOGIC \L
CII \ll \Cl F.RISTICS OF SPER:\1,\ TOZOA IN EXPERli\lF.NTAI R,\ TS.

• 

I 

Group� Control Group A 

On1g/lOOgBW 351ng/lOOgB\V 

(n 4) (n '4) 

'1tamc1cr 
' 
i. \ll\VT I 5 (0.94%) 17 (1.02%) . 
\i\l'H 16 ( l,QQO/o) 21 ( 1.23°10) � 
i�1 

23 ( 1.41%) 4.0 (0.25%) • 

n 
19 (1.19'1/o) 23 (141o/o) ... 

'i 
21 ( I 3 I%) 23 ( 1.41 °/o) 

Cltp 
25 (1.56%) 24 ( 1.47°10) I... 

B\fp 
23 (1.44%) 25 (1.60%) 

l 
• 

rsc
-

1600 (100%) 1640 ( I OO�'o) 

r� 1477 1483 

157 123 ' , �e
9.60% 7 69°,'o 

\11117
, II \ or111al lte111l 11•/t/,oul "' 

1t1 
ll1td/111c111ury• rail

C'r � C ""'ed tall
,,,,, . • ll,·111111id-r1h•c,•1sc .. toru/ 1pcr111 c�l/s
1-t(' . 101u1 ab11or111<JI ,�II>

Group B Group C Group D 

45mg/100gB\V 55mg/l OOgB\V 65mgt I OOgB \\' 

(n=4) (n 3) (n=4) 

11 

21 (I 30%) 17 (1.41%) 19 (118%) 

26 ( 1.63°/o) 16 (132%) 20 ( 1.24°10) 

28 (I 74%) 26 (2.16%) 34 (2.08�.) 

36 {2.24°10) 32 (2,66�'o) 36 (2 2l�'o) 

33 (2.07°•) 23 (1.90�'o) 33 (2.02%) 

31 (1.95%) 25 (2.07o/o) 34 (2.09�'o) 

27 (1.71��) 22 ( 1.82°-'o) 31(190%) 

5.0 (0.30%) 6.o co so•,., 5.0 (0,)0°10) 

1605 (100%) 1205 ( I OOo/o) 1625 (100%) 

1398 1038 1413 

207 
167 212 

12 94¾ 1384% 13.02% 

1 tall '"it/10111 l,,:atl
,VT/I//• ,Vor111n 

ar = D,•11I tall

tl · 1-pie,:,:
Cun"•' 11111 

c11fP ..

I r ' Looprtl rail

fot,rl 11ur111al trll\
r,vc...

ub11or111al ,:rill

"' IC - P1•rt""'"R"
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F\PfRl�lENT 3: DETERl\11NATION or. Tl.lE1 ·  LE \f' DFCOCTION OF\IO\/ORDIC.11 C/l.1IRANT/A ON LIVER FUNCTION OF NOfillAL �\.LBINORATS. 

l�l'RODUC'l'IO!'.
Th I c ivcr 1s lhe largest gland of the body ll normnlly ,vcighs about 1 5kg. It 1s an organ111 the upper abdomen and fitting under the diaphragm. It has 1,vo m:un lobes, the nghtlobt hc:ing much larger than the lefi (Chopra. 2002) The various functions of the liver 
including lhc production of bi  le for en1uJs1 fication, Gluconcogcncsls, Glyeogenolysis,
Gl)-cogencsis, the: brcnkdo,vn of insulin and other hom,onc:5, protein metabolism, hp1d
11
1ctabo1ism, cholesterol synthesis, production of trigl)'Cendes (fills). production of

to�gulation factors, brcakdo,vn of hncrnoglobrn for the productron of mctnbohtes th:it ore
ldded to b1·t -

b akd f to,rc substnnccs Md most mcd1cinnl products 1n c ns prgrnent, re o,vn o . 
1 

P
r
ocess coiled drug metnbohsm, convert1on of an1monu1 to urea, production of red

blood c II . . d the production of albun11n .ire earned 0111 by c s 1n the first tnmester fetus. nn 
the h�cr cells or hcpntocytcs. {Ltver-\Vik1pcd10, 2008)

\tan cd b oundicc caused by 1ncreascd levels ofY diseases of the hvcr are nccompani Y J 
bih the breakup of the hcn1oglob1n of dead redl'\Jbin 1n the sys1cn1 (bthrub1n results from
l.t.. _ fi m tJie blood and cxcrclcs 11 through .'llOd Cells; normally the hver rernovcs b1lurub1n ro 
b 

' 
d' cc results). Common cxlllllples ollie 1h15 a an not do, thus, Joun , • dysfuncuonol hver c 

ed mainly by vonous ,·,ruses l1�tr d 3tion of the hvcr, cous 
15cascs Jrc: Hepahl1s (111namm 

(outoinunune hepatitis) or bu1 al 
. alcohol), Juto1mmun11y

'e> by some poisons (e.g. 
. ( �pcctruni in disc.ue, nssoci.ilcd htro.i, . fottY h ,·er disease o 14ry conditions). non•olcoholtc 

n the hvcr, ma)' lc3d lo a hcp:111111,°'Ith bundnnce of fnt I 
0bcsuy :ind chl1nlcteri1c:d as on ° 

. n of fibrous llt!ue 1n the hvcr, 
. I fom10110 'C ll 

• cfrThOSIS (I IC 
. �lohl"na1i1i.- and/or c1rrhos1s),

11 1,11115 nlcohohs111 or contact-1• ., 
b , \'lnl ICJ " • '1}11.ic Id be caused ) 

1111: dead h, er cells ,vluch .:ou 
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111th other Ii, cr-1ox1c chemicals), cancer of the liver (pnn1ary hcpalocellular carcinoma orcholangiocarc1noma and metastatic cancers, usually from other pans of the&1SUomtestinal tract) (Sherlock and Dooley, 2002), chronic bile duct blockage (oC'Ond1t1on \vh1ch may occur al birth (biliary atrcsia) or develop latcr in life (pnmnrybiliary cirrhosis) and hacmochromntos1s (the most common genetic liver disorder whichini·olves excess iron storage and 1 s  usually diagnosed in adults) (Golhcnage et al., 2004). Liver functton tests arc scnes of enzyme tests used to ascena1n the extent of hcpauc (hvcr) damage either by injury or diseases. These Liver funeuon tests consist of enz}mes
Present in the hver and they arc of great clinical signi lica.nce. The lest sample 1s either o 
Plasrna sample o r  scrum sample collected by phlebotomy. There arc different type:. of
h1cr function tests, examples are the Lransam1nascs (e.g. all\n111c transam1na.se, a.spanntc
lfln lutamyl tronsferase, 5' -nuc:leotidasc,sam1nnsc) , alkaline phosphotasc. gnnima-g 
lactate dchytlrogcnase an,ong others (Knight, 2005>·
I 

Other common uses have 
1

°"'orrl,c-u charc111tia 1s used for tlS antidinbctic propenies 
inc . 11 • biuer melon has b«n used as a folk1Udcd .lllt1n11crob1nl and anufcrtility. Trodiuona ), 

_ tesnnol disorders, and hypcncns1on ltinedy for tumors nslhmn, skin in fccllons, gnstroin 
111d 

• 

. Duke et al. 2002). Complementary and for rnnny other ailments (Anon 1999, 
. . 

'l'tus oppctuc stimlllilnl (1n trad111ona\ ll1trnt, . . I de diobe1es me i , •ve medicine indic:iuons anc u 
I rccuons (Zhang, 1992: Otin d gast.ro1ntes11no in tic rncd,cine), cancer, HIV anfccuon on 

. fb I r melon h:is been used for the �... nruuon o ,1 c 
-�arid Lnii, 1996) An Ayurvedac hc:rbJI pref) 

I tr l ,n1 llOd Patel, 199 ). �ll\cn sure (tv tSu Jt of increased 1n1roocul:ir prcs 

. ·'c 111 uopical cowitncs (Cunnick j Wl ,nsccucau ., � tus t,ccn as common U!>e or biller melon 
uuuut1t1 011 \..cy 11�-p;illc au)111cs 1n� 

r \fon,i0dtn1 cl 
I ilkcrno10, 1993) Poss able toxic effects o ' 

rhi:se include increase: an hcpa11c � 
c};.oon tt nl. 19'>-I)

. �I, h.ivc been documented (Tenn 
alknhnc phosplunosc (Bllkhru,

' I transfcr:iscts such ilS scrun1 y-gtu1on1y • ond scrun1 
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1997), This current experiment thus aims Ill dctcmurung the cfTccts of the leaf decoctJon of,\/.tharu111ia on liver funclion of normal albino rats.
PROCEDURE

On the 31" day, treated rats (groups ,..,hich received bet,vccn JSmg/1 OOg bw and 65rng/gbv. of the leaf dccocllon of,\/ chara1111a) and control (the group ,vh1ch rcccl\cd only feedand '1 atcr ntf libit11111) ,vere sacn ficed by cervical dislocauon, after having been starved
0�cmight and blood samples ,vcrc collected by carthac puncture into stcnle universal
1.1rnple lubes. The blood samples ,vere 0110,ved to stand for about 30mins 1n order to clot.
The clotted samples \\'ere then centnfugcd at 4,000 r.p.m for I Om111s and the supema1an1
\\htch was the scruni ,vns separated (pipelled) into ne,,· and sterile samplt cantuincr; then

'
l
o
rco nt 4

°

c. Randox Diognosllc Kits ,vere used for all the liver function tests The
1.1�"" 'o · I · . 

(AL"') d aspartatc 1ransam1nasl! (AST) ,\'ere performed ,. 11 r a an1nc 1rnnsnn,1nnsc , on 
u1ing lh F k 1 ( 1957) gamnta· glutarnyl transfer-.isc(yGT) ,vns c method o f  Reitman and ·rnn c 
¾ l 1980) "'hile alknhnc phosph31ase (ALP) }Cd according to the method of lA1dcnson 
le,, I . d dnrd method described by Englehanlt. "''t 5 "ere assayed based on the op11n111e 5100 
1 1h denllsc of an nnunal ,vns recorded). o • 0970) Each group (except group C. ,vherc e 

1't? n ldc up of four orumols.
1t1:.suL rs

h. 0 05) differences for ,\LI and AST ,vhcn'IIC r�ul ··un1ficnnt (P< ' ts obtained shO\\' no s10-· 

(P<0.05) 1n a somc,vlul1 "'- .
.. n,liconl 1ncrc.1SCS ,.."Par d IJ1cre ,,·ere l>l"'-c \v1U1 control ho,vever, 

, 1 1  !0131 45 01 4Smg/100g dose JSmg/lOOg b,,. � -dependent p,lltcm [ 18 l 65 69 .SO 111
6501"'100g b,v comp� "'ilh b,� 

? I 8 90lJ4 :?S al IY '21J.20i39.42 ul 55mg/100g b,, 1111d • · 
JSmg/lOOg 11,", S0.11 ± 4.48 Ill <or. (42 33 ±7,56 111 

•!t
oJ (92,55 .:t. 7.76)] for ALP ,ind · 

34 :t. 3 22 01 6�ms/l00g b,, 4511! I OOS 11,,. and 5 I 
&'lrx,t h,v, 54,3S ± 5.3 I ol SSm&' 

. urc.s 4,2,1 nnd 4 2 2 m gmphicol''la1,, ) for yOT Fig • . . •c 10 control (20,86 ± 1.07) 
. . . ond the t\Lr and yGT ncll\'lhcs'tr>r AST ac11v1t1C:) 

tlcntutions of the ALT and 
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respccu, ely, 10 the control and decoct1on- treated rats Table 4.2 summarizes the effectsof the leaf decoction of Mon,ordica charantia on liver function of nomial albino rats.DatJ 1s rcponcd os Mean: SO.

CO�CI USlON 

Tht leaf decoc11on of ,\f, rhara1111a caused son,c,vhot dose-dependent significant 

�es in the ,\LP and yGT levels of nominl (control) rots. The leaf dccoction may be 

�IOXIC on prolonged USC,
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7000 

6000 

l: 
·-

sooo 

.iooo 

e 
lOOO 

.'( 

2000 

10.00 

000 

I I 

I 

CONTROL A 

I 

I 

G1oupJ 

I 
I 

•ALT

A�T 

C 0 

P
!z . �.Ja: E 

�L.., 
frccl<i or different do<111ges of che dccoc:lion of 1,1. charantla nn se

'�d 

Nm 

AST activities. 

t�t,t 
hltr�

., 
no slgnljlcanl d/ff"'ncn o6'tn·d '"'"'° tht '°"''°' R"'"'' and ,h,

'lltrtnr ,:roup!..
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300 

250 

100 

I 
so \ 

0 

I 

I 

CONTROL A 

I 

8 

(i(OUPJ 

I I 

.___i __ - --·-

0 

•AlP

Y-GT

I 

I 

Fli ".Jb· 
,. 

' £U«ts o! di!!"''"' ....... of M .,ho,an1lo " So<om ALr .,d ,-GT

�,IJ. 

• h,,. wr,, slgnlJl<nnt (P< O.OS) In<"'"' In ALP••' ,CT Jo, R'°"'' A, B, C

lVo1,. T. 

o11do pared with control. com 
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IAOLE 4.4: EFFECTS OF TIIE LEAF DECOCTION OF 1\/.C//;l�l,VT/.-I 01\
LIVER FUNCTION OF NORl\tAl ALBINO RATS.

Groups Control Group A Group B Group C Group D 
OmgttOOgBW 35mg.ll OOgB\V 45mgl100gB\\I S5mg/100gB\V 65mg/lOOgB\V 
( ll"-4) (n-4) (n=4) (0"' 3) (n�) 

P�cler 

ALT (U'L) 25.00 :1: 7. 70 24.25 :t: 7.37 22.50 :t: 4.20 29 67:t:4.SI 27 5 � 7 05 

-'5T(l''L) 54 .85 :t: 8,30 55 13 f.8.05 55.55 -+ 4.06 5943-t 110 57.0S ± 8.66 

Alp (UIL) 92 SS J: 7 76 181.65+ 69.80" 211. 10±31.45 1 213.20±39.42 1 2 I 8.90±34 2S 1

CcT1u1L) 20 86 :t I 07 4233±7S6" so 77 * 4 48 1 5-t '\S ! S311 51 34 .t 3.2:? 1

. 1 •lien cunipllrt:1I with co11trol.I' P<O 051 /11crea�c1 " afues 11•/,icl, llg11lfica11tly ( • � 
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•\PFRl�lt,,N·r 4 IN VI\' : - O EFFECTS OF TIIE LEAF DECocr,oN OF\I.Cl/ IR.li\'T/,1 ON IIEf\�lATOLOGICAL PROFILE OF EXPERJ�lENTALRATS. 

I\TRODUC
T
!O�

lrrcsi>ccuve of lhe 1argc1 organs, 1he dccoc11on 1s conveyed to II silts of ac1ion 1hrough the
blood sttcam Blood accounts for 7% of the humon body ,veight (Albens, 2005). ,vith an
1'CTagc densily of approximately 1060 kg/ml, very close to pure ,v,11cr's dcns11y of 1000
ksm3 The avcrngc adult has o blood volume of roughly 5 li1crs (1.3 gal). composed of 
pl351na and several kinds of cells (occas1onolly called corpuscles); these formed elements
of the blOOd are erythrocytes (red blood cells), leukoe)1CS (,vhitc blood cells), and
lluombocyics (platclcis) By volume. the red blood cells cons111utc about 45°,. of" hole
bl

OOd. the plasma aboui 54 3.,,u. and "hllc cells about O 7°10 Blood supplies oxygen,
Cl.1ncnts (nl . d d r:ally oeids) to tissues and removes ,vas1c (cnrbon o>Utosc, amino ac1 s, an " 
�id I It hns immunological func11ons (including c, urea, and lactic ncid) from l 1c same
tueu1 •• , d d 1100 of foreign 111ntcri31 by anubodics), ""-IOn of white blood cells an eicc 
C<:a f he body's �elf-repair n1cchan1sm ). nttsscni_:cr Ktih111on func11ons (,11h1ch  1s one: p3rt O t 
r d the sib'll'1hng or 11ss11c d11m:igc),J::ct.o f honnonu an ns (1nclud1ng lhc 1runspon ° 
1 al 11 of blood ,� 10 1hc r.1ngc ol 7.3S • 7 45�latory funcuon on body pll (the norm- P 

Co: Mure (Shmukler, 20Q..i) •Cfing I • d core body 1c111pcr, on YO I pH unit) nn 
r bluod include .1ncn11n l;iCt.d t'ssuca nnd the clisC"ascs o 

COuld be d1sca,cJ '15 Jo other I 

bi . .  ,111., blooJ J1501Jc1, hl..c I 11 (ro111 c�-.. 0' l:i:iifJi 
I h c1111 rcsu 1c1c111 red cell rnass) '" uc 

I kins, 2006), lcukcn1111 (n 1,rou11 or 
Ill (/\1151111 .inil I er 

�111, or nutnttonal dclic1cncic, 
00-I) llcnioph1h11 (1111cnc11c 1llnw 

tt,,... cs1tu11cr ,., "'. 2 ' -�a or the blood,fonn1n� IIJsucs)
,cch:in11n1� 111111 cnn nlh,\\ 

I 1,, clntung 11 

r the b 001 tluks dv.1unc1ion In one o 
l (\\'1lh11111i,' "'' 111�9) 1\11\I�· 

(t llue3tc1111111 
I 10 1>c�o111� II c 

"'-1 1ncun1c,1uc1111al wn111111 
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mfccuous thsorders of blood ( blood 1s an important vector of infccttons) including HIV,llep,unis B and C, bacterial infection of the blood (bactcrem,a or sepsis), viral 1nfec11on(vircrrna) and blood-bomc parasitic infections such ns malari:1 :1nd lryp:1nosominsisIDomangucl et 11/ , 198 t) 
Momor,llc:a charC1111ia extracts have broad-spectrum :1nt1microbial acuvity, having beenshown lo prevent infection by numerous viruses, bnctenn, po.rasitic organisms, tind fungi.
Although the 1nechan1sms have not been determined for all organisms, in the case of viral
tnfec1ton, it 1s thought that certain biller melon constituents prevents viral pcnctrahon of lhc tell ,vall (Cunnick and Takenioto, t 993). An 1n-vilro study using hunlllll plasmti
demonstrated the prolongntton of activ:ued partial 1hromboplaslln ti1nc: by \l0111ord1ca

chara,1110 tryp · . h b 11 N t I hunian coses of coagulation thsorder<; have hccnSin 1n I 1tor- 0 oc uo ' 

1tP<>ncd (llnynsh, er "', 1994) Although scvcrol studies hove been corned out on lhe
dtffer 

I clrarr1n11a not much has hcen done on cnt Phnrmacolog1cal ae11vi1ies of .\(011,orc ,ea 
11s fli . . l experimental an1mnls or man thus, this c e<:ts on hoemntologicol profiles 1n eat ,er 
'1'•d f the leaf dccocuon of i\l.cl,urun11u on • } airns at detcnnining the 1n-v1vo c:fTcct� 0 

hcamatologicat profile of cxpcnmcntal rats.

Pitoc £OUR£ 
31" d n •EDT A botllcs on the Q), il er 8food 

. coulnrly into No 53!llplcs ,vcrc collected 1nltllO 
1 , al studies were performed Ilic 

n,c 11eamato og1c art1rnals hJvc been fasted o,enughl 
. �!cdic1nt Laboratol}, f.iculty or "'111i1 ,he Vctcnnary 1 n ilS short lime as po�s1blc 111

. Red blood cell (RHC) count ,,h11c\'Cl 
b don. ),11gc:ria. trinary �lcdic1nc University of  I II 

nlob1n conccnlr',1t1on w,d U1eb • 
(PCV), hc:llllOo "'-. 

I o1un1c "UQ\J c:c(I (\VBC) count, packed eel ' 
t,iC\' (nic;in corpuscular "olun1c) 

Itac 11c.1n1oglob1n ), 
. Indices (MClf (ntc:an corpuscular

uon)) \\ere nit r�11n,.i1ed RBC
. conccntrJ � �ICt IC tar hcarnoilobin 

,·on and PC\ , ,11111a11ons (mca.n corpuscu 
10 conccn1r,1 1 llld1t RDC count, 1 ici Were calcul:ucd fran, the
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All data ,vere expressed as mean :1: SO and statistically unalyzcd ,vith the student's 1-1estand One-way ANOV A. P < 0.05 ,vas considered statistically s1gnificun1.
RESULTS 

An assessment of the blood parameters of anima ls orally c11.posed 10 the leaf decocuon or 

\( rl,ar11111111 sho,,·cd no s1�n1ficant d11Tercnccs 1n the Red blood cell (RBC) count, white 

blood cell (WBC) count, packed cell volume (PCV), hcomoglob1n conccntro1ion and lhe

RBC indices (MCH, MCV and MCIIC). Tables 4.5 and 4.6 show the erythrocyte and

lcucocytc values (Mean ± SO) ,n control and rots treated wilh the leaf dccoction of

,\( C/raru11111,

CONCLUSION

T!t 1 - h d O signi licant efTects on the henmn1ologicat c =af dccoction of Al.chara1111a a n 

P "I d 10 11 over .i pcnod of 30 days. 11lu c of expenmcntal rats ,vh1ch ,vcrc expose 
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T-\BLE 4.5: EFFECTS OF DIFFERENT DOSAGES OF AI.CITA�l1VT/11 O •THE ER, fllROCYTE \' ALU ES OF EXPERJ,\fENTA.L Rr\TS.

roups Control Group A Group 8 Groupe Group D 
On1g./lOOgBW 3 5mg./l OOgB\V 45mgll OOgB\V 55mg,100g8\V 65mg IOOgB\\'
(n -4) (n=4) (n ,4) (n=3) (n"'4) 

Par.imcte!\
Ree 13. 74:1:0 74 12.48±1.48 12.09±0.64 13.03±0.61 14.40±0.25 
IX 1011/L) 

PCV (%) 38:1: 1.83 38:t:0.82 36±2.16 37±1.00 41.0:i:O.S2 

lib (Wdl) 12.6:1:0.49 12.48*0.4 I 11.9±0.66 12:tO.OO 13.0tO.OO 

�ICV (0) 27.67±0.46 29.95:1:3.68 29.74±0.23 28.41.t0.55 28.47±0.33 

,�ICH 9.18:t.0.23 10.09:t.0.99 9.84±0.16 9.22±0 43 9.03±0,IS 

IP1!)

�ICfic 33.17±0.45 32.82±0.39 33,062:0.43 32.-15:1:0.88 3172±0.63 

l&'dl) 

I ,J 011;111ats whc11 co111porcd
. the treo c r, 

J/«crc11ces '" 'trc "'ere 110 slg11iflco11I (P<Q.OS) 'JJ' 

... ,,,, <:
0111,01. 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



• 

I \RI f 4.6: 1-.FFF.CTS OF DIFFEREI\T DOS.\CES OF 1\I.C!l,1R,.11VT! 1 ONlllf. LE.lJCOCY'l'E \',\LUF.S OF EXPERll\lENT,\L R,\TS .

LDilps Control 

Omg/lOOgBW 

(n ·4) 

Group A GroupB Groupe Group D 

35mg/100g B\V 45mg/100gB\V 55n1g/lOOgB\V 65mg/l00g8 

(n=4) (n-4) '
'1 
t?nctcr 

(n"-3) (n--4) 

\\'BC 21.68±6.46 23.45:1:6.04 20.80:i:3.86 21.33±0.90 25 93±0.41 
I ,' lJ

,....___ 
-��::-Y1:-cs-..j�7-1-.2-5-±4

-. -50--..J.__6-9-_5-
0±

-6-.-1 4:----t-6::"'.4;-;0�0::-.t4-;-.:;:321--t;S;ii9�.6::i:7±teOl' .5188
:--

11t6;;;6-;.1is±;.S�.7�4 
I '

)

�;::h,;:-1,-i------l---:-::-:-77--t-;3;s.�so�s:;1ssss --f:ii.ioi;3ij3i¼-1:o"o s:sss-TT:33i::2?'ssi-:1:s's 7<74� 28.75.9:i:4.50 30 50±6.14 
11\1

��ic-�-----J--=-=--:-;-:;--+ji13j";_2!88;i2i.".22isr--j11ii2:i.1i3:i:MOl.l.6�5-1�177�.3i2.±;:j1:.1i66 15.42±4.78 16 32:l:4.45 
>1cs

l•ri1
'L) 

:-... --�--l _____ J"'"'.""'.-::-'.'�;;---�7.5i)¼�l-1�50±�6-18.60±i�:->(l� 7.53:i:l.97 8.60±0,26 8.60:i:l.36 
6.26±2.03 7. I 3:t:2, I O 

:tlpti11s
I lj 

�� _ _L __ -1--�-�
, ,tJ u,r/n,nls 111l,e11 co111pared 

/11 rltt trrn i t1r dljftrt•IICt'S trt 11'tre 110 si,:111j1ca11t (P<O.OS)

titu, Co111ro/.
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1 \Rt f 4.6: I• Fl•l•CTS or OIFFEREl\r DOSAGES OF ,\I.Cll,IRA1VTIA 01\ IIIF. I EUCoc·, I E V,\LUES OF EXPERIMENTAL RATS.

Group A GroupB GroupC Group D 

Control 

OmgtJOOgBW 

(n=4) 

35n1g/l OOg BW 45mg/l OOgB\V 55n1g/l OOgB\\' 6Smg/l OOgB\'

(n •4) (n=3) 

• 
'� \\'BC 2 l.68:1:6.46
Ito• L)

23.45±6.04 20.80:l:3.86 2133:1:0.90 25 93±0.41 

....... 'i:::::-:--4-=-------i---=--=�--+-z.-:�;,.i;--��Wlss-�vw�.....;·�Ytcs 71.25:1:4 .50 69_50±6.14 64.0014.32 59.67±0.SS 66. 7S±S.74 
I 

��Ll:;-:-IS--1-____ _j�---:---:-:-:--+3iiig�_5;no:1:;:7;-;. siss--l4400.,J:J3j;:t{):0.ssss-�J3i::.2i55;±sf7Ji41
'"I'll 28 75.9±4.50 30,50±6.14 

i'l1 

¾�:lltt;;:--+-
1 5_4_2.t_4 _7_8 

_ _J_
1
_

6_
-:-:32:t:-:-4-:.4-;-S --tii13�.2t&8:t2±2:. 2!55--�l 2Ll. 7i°i3±�0>.c.6½5-7r17�.3�2:t�l 7<765 

�}It$ 
t, "11.1

��-:--l-:-----J=-:-:;-:-;;--;-;;----tTIJ±i""§f--rsfi.6G00±i±ioi>::.2io6:---rss:c.6�0±;1i::3i66
--"'i:t�� 

O 7 53±1 97 
6.2&¼2.03 7 I 3:r2. l 

�0p11tls
I 

Li 

_J___j_ __ _L-_--l--�� 
(I'd 111,111111(\ ll'ltt'II co111pnrr:d

1 tltl' trro 1°/1 
051 Ji/ft'fl!/ICt'l II ere h•rre 110 ilg11lflcn11I (P<O. � 

"1'1• Co111ro/.
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t \PERl�lEN'I 5.0: 1-IIS'I OPATHOLOCICAL STUDIES
1,rRoouc·r10N

H11topa1hology (compound or three Greek ,vords: Jou,, histos "tissue". rrano, pathos"dl�CJSC·su ffering". and ·l.oyia logia) refers 10 the microscopic examination of llssuc inorder to study the 1nan1festntions of d isease. Specifically, 1n clinu:aJ n1edicine,histopathology refers 10 the e'<ominnuon of a biopsy or surgical specimen by .ipathologist, nficr the specimen has been processed and histolog1cal secuons have beenplaced onto glnss slides (Histopnthology.\Vikiped1a, 2010),

PROCEDUllE
l 

b · cd from sncnliced nn1mals and fi,cd in 
•vcr, testis and cp1didymol samples ,vcre O tain 

1,.. 
1 d ,5 The collected t issues ( hvcrs, testes v'/o (\''v) fonno-solinc for h1stopa1holog1co stu ie · 

Ind qltd1dym1s) ,ven: ren1o"ed from the fixnt 
. . •"e aficr 1,vo (2) days, dehydrated through
•

0 0 lllld absolute) cleared 1n xylcnc, infiltralcd,ISccntJ,ng grades of alcohol (70°'o, 80 °· 9o Vo 

.... c on Reichert ultra microtome for ttnb dtl 1 5 micron 3 pt .... c Cd 1n paraffin ,va.x and cul 1n ° 
. . tcd on slides and stained \\·llh hglu ll'ltc . They ,vcrc then moun roscopc studies. 

_ _  , r, I .. 111 nucroscope. . routtnc proa .... urc or i,.. hacn �loxyltnc and cosin (H and E) according 10 
mpanson 10 the nonunl d ·roercnces 1n co lts unhlDttVe I •Ues prepared ,vere examined for q 

I x 100 1 on ,vas set o · �ll(r I M:igniliCII I taled rat!'>, ,vhich served as conlro 
I{• �U1:1 �

1 ti�ue conllitions. Group ,\ fo, I ' up showed nom1a h,cr histopathology, the contro l:lfO 
howcd modcr.ile vasculor hc1north0Kc,p uroup B s 

't$l'lllcd W1th normul tissue cond111ons, er 
, scula.r hcmorthJgc nnd Group . d severe � ii Cro ncr.11100 an 

I Ii . op C �ho.,..·cd ,nul11(oc1 fallY dcgc 
110n of the s1nurotl s on sc,c�d1s1rup 

I} lliov...... lor degencr.tUOll
. re were ohscl\cd 111 the �" moderate voscu 

"ltl 10 ,e�c I!.... �on1 nll "'t:Cr ter r.ing1n8 ,r 
pas the dosages 1ncrc:nt'd. 111100 Ocgcncrauons

11 ,�tcd i;rou 
�,u,._ "didym1s of eac "'1'4lholog1cs of testes und cpi 
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In group A, mild basal membrane and cellulnr degenerations \vere observed in the testeswhile the epididym1s ,vas nonnal. In group 8, sc,ere basal membr.mc dcgc:nerat1on,
cellular hc1norrhagc and tubular vacuoln11ons ,vere observed in the testes \\hale u mild
tubular dcgenerallon as \Veil as an increase in spenna11ds \Vt\S seen in the epid1dym1s. In
group C, there ,vas a moderate tubular degeneration in the testes while the cp1didyn1is
showed a mild tubular degencrntion \Vith an increase in spennatids. In group D, severe
basal membrane and tubular degenerations \Vere observed 1n the testes \\h1lc the
epid1dym1s presented \Vllh a mild tubular degeneration.

CONCLUSION

0 
f 1/ cl,ara11tia over a JO-day c:.\pcrin1ental 

Ill adn1inisLrntion of the leaf decoction o • 

· 
nnato10.il clTccts on Nom,al \V1stnr l>Cnod hod a dose-dependent hepntotox1c and anti-spc 

Albino rats
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HJSTOPATHOLOGY OF THE LIVER SHOWING THE EFFECTS OF THELEAF DECOCTJON OF ftfORJ,tORDICA CHARANTJA AT OIF'FERENTDOSAGES OVER A 30-DA Y EXPERIMENT AL PERIOD. -------------.------ Central Veins

�lllOOa body weight (Conlfol). 
In normal 11nlm11L•.Cure 4.S.J n: Histopatbology of the lh er

I\.. 

I anlm•h·""'t'IOQ I) orn1• tlti. & body ,.,eight (Con1ro. �f tht 1h·tr In n 
'l .f.S,Jb: tU .. 1nn111bolOIO' 

Hcpntocytcs 

Sinusoids 
---

-- Artifoc1 

I lepaiocytcs

Slnuo;ofds 
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ffiSTOPATHOLOGY OF THE LIVER SHOWING THE EFFECTS OF THELEAF DECOCTION OF !tfORftfORDICA CHARANTIA AT DIFFERENT 
DOSAGES OVER A 30-DA Y EXPERJMENTAL PERIOD.---------------.-------+ Centrnl Veins 

�8/lOOg body weight (Control). 
. . . oornual animols.· 'll•rr 4.S.la: HL!roparbology of the ll\cr 10 

Otii 
,al 11nlmals.i1�

100g body \\clgh1 (ContrOI), r the liver In norn rt 4.5,lb: lllsropathol°'°' 0 

175 

Hcpotocytes 

Sinusoids 

--
Artifoct 

1 lcp:itocytcs 

Central Vein 

SlnuMiids 
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-----

___ ::::-,.....,_.;;c::,. ___ .. � Hcpotocytcs

��IOOg bod) \\·e1gh1 (NomuiJ)
� ·tS 21: Hisl01)11tbol.ogy of the u�·cr lo le.sled (Croup A) animals

• 

ft• IO(ig body °l''Cighl (Nonrusl> I ie,trJ ((-;,vt1p i\) a1lmab

'" 4.5,21,: ffb1op,atlllol!11) of rbt h\rr 1 

11h 

Central Vein

Sinusoid

Cculnll \'c,n

SlnuMJ1Js
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., � -

. " 

• 

... • ,.. • 
•• 

..: ....
•• , ' •• 

• 
I •• 
• .,;

'
• 

"·. 
� 

• 

-

4Smg11oo Flgu
r

g bod)' ,vcight (Modcrotc vnsculor hcmorrhogc)
e 4.S.Ja: Hbtop11thology of the liver In lc,tcd (Group D) Dnhnab

•s111 r,11
111 OOg body �eight (Normol) In rested (Croufl 0) anln11ls

tt4.S.Jb: llblopatboloSO' of ibe Uvcr

,11 

Mild vascular hcmorrhng 

Hcpatoc)1CS 

Sinusoids 

Central Vein 

Sinusoids 

I lcp:itocytcs 

Centro! Vein 
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Muhifoci fatty dc�ncmtlon 

Sinusoids 

-�--:--''------f-- Central Vein

SSrngt100 . . . 

Figure 4 
g body ,vc1gh1 (Muh1foci focty dcgenerouon)

.5.4a: Histopatholot:Y of the liver In tested ((Group C) anlmnb

ss
,,.g/100 

d ••cnc:rotion) I 

tltar g body \\eight (Severe vnseulnr cD ,csrt-d ((GnJUP C) inlrn• _,

t -'.5.4b: Jflstop1tbolOIP' of rhc uver 10 

11R 

I kp:uocytc:s 

Sinusoids 

Centro! Vein 

Sc:vc:rc ,·o.,culnr 
dc£rncnuton 
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6Sm&Jt00 
distrupii 

g body \\'eight (Modt:rotc vosculor dcgencrnlion nnd

figure 4
on oflhe sinusoids) 
.S.Sa: IJ�topotbology or 1bc llvcr In ces1cd (Gn>u11 D) animals

Va.sculnr Dcgcncrotion 

Sinusoids 

Hcpalocytcs 
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HISTOPATHOLOGY OF THE TESTES SHOWlNG THE EFFECTS OF THE 

LEAF DECOCTION OF !tfOAAIORDICA CJ/ARANT/A AT DIFFERENT 

DOSAGES OVER A 30-DA Y EXPERIMENT AL PERIOD. 

�----�-;,----.. .. Scminifcrous Tubules

/.7 I Spcrmotogonin cells 

Lumen 

Lcyd1g/lntcrstitinl cells 

°'1iGIIOOg body ,vc1ght (Normnl Testi_s llis;:';'!��-(control) onlmols
Fl&urc 4.S.6: Hlstop11thology or testLS 10 · 
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• 

• \''Ja,..,,l 
•

. """ 

Scmirufcrous Tub!t1c:s 

Spcnnatogonin cells

Lumen 

Leydig/lntcrstitial cell!

Mild bnsol membrane
degeneration 

::g/lOOg body ,veight (Mild basal n1embrnnc ond cellular degcncrnuon).
te 4.S.7: IJi11topatbology or testis in tested animals. 

• 

Tubulor 

• Tt
0'

\ 

.. 

• 

• 

• 

•• 

IM I 

• 

Cellular Hemorrhngc

Severe bosol membrane
Degeneration 
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5$111g1 I 00g r-tlrt 4 �� "eight (t.1odcn11e Nbul11t dcgcncrntion) .

.s.9. Histopatbofoe of cesri.s iJI 1es1td anlnu1Ls.

lnlbasal 
membrane 
dcgcncn&n 

' ., 

Modernte tubulur 
dcgcnerot ion 

Seminifcrous tubule 

Lumen 

Spcrmatogonio cells 

lntcrs1ituil/Lcydig cells 
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HISTOPATll()I.O<;y ()J,' ·11111 fl'll)ID\'\IIS \11()�1_:..c; THF. F.1-fFCT, OF 

THE l.f:At,' n1-·c 0( TION ()J, \fOR.,10RDICA Cl/ IR.•ri.T1 .• AT DIF'Fl'RF .... ,, 

00SAGfS 0\ ER,'\ J(l-0.\\ 1-'Xl'l<.Rl�tJ.:N r,\l, I'� Rt<>D . 

• 

• 

f idid>mls) 
�&'IOCJa body \\eight (Nom1ol histology -�,:�o oorn1al (control) animab

"•re 4.S, I I: llb1opatbolo10 or epldld.> 

1111 

Lumen 

Stroma (CMncct1ve 
tli-> 
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Stroma (connective 
tissue) 

-,/-:;:,---:-=--..:-. ___ ., 
lncrcoscd spcnnotids ir

/ the Lumen 

�;�l�g body \\Cigh\ (Normal epididymis ,vith increased spennotids). 
e .5,12: 1-lbtopothology of eph.lldymis In 1csrcd animals. 

-
.. 7 MilJ wbulnr 

dtgcnc,iltion '--.. 

• 

• 

Epid1dymal tubule 

BllS.11 cells 

lncrcoscd spcnnntids 
in the Lumen 

Oas;il cells 

Ep,didymol tubules 

Stroma (connective 
tissue) 

45 . and ,ncrcascd spcrmarld\ In the

Illa, I 00 . 
Jegcncro11<1n 

'J>idid 8 body ,.,.clghl (Mild 1ubult1r

t1z )ll'lls) 1 ,t1rtd 1nh1111J,

�r, ,t,S.IJ: l llslopacbolog>' of cpldidY'"t., n 
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Mild tubular 
degeneration 

Epididymal tubules 

Bnsal cells 

--
1
------�-+• Increased spcrmouds

in the Lumen 

-_ __:,....;il.' --• Stroma (connecu"e 
tissue) 

;:�� body weight (Mild tubular degcncrotion ond increased spcrmatids in the
1

1 
-1lll1S). 

Ip� 4.S.14: Histopatbology of cpldidymis In tdtctl animals.

111( 

BllSOI cells 

... , ---/J...---+• 
Ep1did)'m:il rubulo

lncmuc:J ,pcnnntidi 1n 
the Lumen 

.. S1rom1 (C\,nnc.:th-c­
lhiUC) 

________ ..

�ltlJ tubular 
,kjjtlltflllk,n 
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Cll;\PTER FIVE

ii. DISCUSSION

Apopio5,s 1s one or lhc mosl potcnl cellulnr defcnscs ogninst cancer. because il destroys
potcnt1ally dclctcnous mutated cells (Reed, 1999). A current and efficacious 3pproach
that 15 10 lhe hmehghl is nutntional n1oduln11on v1n on array or phytochem1c3Js ,vh1ch

cause lhe 1nduct1on of apoptosis in damaged cells such ns in cancer cells. In f:lct, an

dlicicn1 apoptouc process 1n nom1al 11ssues prcvenls n1ahgnnnl tronsforrnntton and helps

1o col'TCct age-relaled tissue damoge (Zhang and Hermon, 2002o&b). II is no" ,,·ell

cstabli1bcd that anucancer agents induce opoptos1s, and 1h01 disruption of apop1011c

P:
o
!:rams can  reduce treatment scnsiu,•lly (Holcslrap nnd Davidson, 1990)

>. greater undcr.;tanding of the pt\'otal C\'COIS J.Ssoc1a1cd \l,ilh can:1nogencs1s will

�hui1 th I ed. al plnnts as a key strolcgy to  prevent cancere e use of natural products. m 1c1n 

� 1 dcncc indicate:. that ph)·tochcn11cals CdllUU1ta1e apoptos,s. Indeed, expenmento c, I 

11:'iod f carcinogenesis 01 each of the three
ul.ue the complex multistagc proc� 0 

_ lllld malignnnl progression (Chen and K1nr,
1ttogn,,.cc1 stages of 1n111aton, promouon
'II� u of ihe nutochondn11I n1rmbl"lllle 
..,.. J}) 5 the opc:nino 

A cnucal  ,iagc of 11popto5is 1 

f 1ochrome c 1010 the t)tosol finall)
i..__b . the release o C) 
• _,,IQ lhty 1runs11ion pore been use 

I 199-1 
d J hnson 199)1 Jacohson ,., a , ,

'-h,-,1.1 the c:ell to self dcs1rucuon (Deck" tf1111111 0 • 

"tnc• I nn4) .,r:r et u , I -,,"I , Joic:-Jcpcndctil 1ul ti1t;11l11ean1
r r �• I .. 1 there \\ c,e

d \ cilli:u I 1 .. 
lt1 ob1a1ncd 1n 1h11 ,1u Y re 

1 0 b) the Jccocllon of ,,
( the >,tt.11' I'°' 

r I • Cipci11nS 0 
1n the induction o 11� 

IJ ot»cf\ed 11 �5m • IOOg b\,
f t,oul I I to t 

� 1 ducuon ° 11 
""''° Spcc,ficully, 11111,..111111 in 
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suggests that the ingestion of extracts of the plant could result in the opening of pore incancer cell lines This VIC\V 1s supported by previous observation that bionctivc agentslh31 aher m11ochondrial membrane function and/or dissipate the mitochondnal potential
can induce apoptos1s. For example, ep1galloca1ech1n golate (EGCG) in green lea,
depolarizes m1\ochondria 1n numerous human cell hnes 1nclud1ng pros101e and lung cells,
kading lo apoptos,s (Goln11 and Bncn, 2000).
The ,anilloid curcun,in, found ,n tumeric, and cnpsaicin. found 1n chih peppers, cm open
the \IPTP and collapse mitochondrial potential, leading to inducuon of opop10s1s (Galati
illld Bncn, 2000). The navono1d boicilin induces npoptos1s ,n T lymphocytes by inducing

tYtoehromc c release and distrupllng Mt.IP before och\ at ion of c:ispase 3 (Uedo et al.,

200 . I dnnl swclhng and col!Dpscs the M}.1P, I) Curcum,n, a polyphenol. induces m1toc ion 
. 

(l\lorin et al .. 2001, Kim et al., 2003). Beto ltsulttng in npoptos1s in nun1erous cell types 

d e rcle:isc of cy1ochro1nc c from t,1totene. a cnroteno1d found 1n carrot, can 10 uc 

I ol in  diITercnt tumor cell lines rn 
I n1brane poten , 11ochondna and o iler mitoehondna me • 

d clnnomo cells (PoloZL'l er al.,den .. , d oc:irc1nomn. an m \tu from lcukem1a, colon a en 

d in 1oma1ocs, con dcpol:mzc the 2003 A cnro1eno1d foun I Lycopcnc, a non-pro, itamin
me c release and uh1matcly Ill! cells, Ulduce cytochro lochondna of human prostate cnncer

11\ducc  DJ><>ptos1s (flnnLZ cl al , 2005)
1 110_011,;0 has 111111- lcukernin

" th ·1I \ C ' Th d by the finding • ' 11 suggestion 1s further underscore 
I r sc,cnil cancer cell hncs,

LhC gro1vt I 0 illd 1994), 1nhib1ISlnhvirul activities (Ng Cl al..

h mlll1 colon c;incer (Cnco-2
I 197S), u 'lltl (Clolin er a . • 

3 (Lcc 
Ud1ng p ros1.:11c ndcnocnrcinon1a.

;JSI cancer cell hncs t.1DA 2 I • 
tilSIDIIC \.U1: ttlls) (Y , 1 2005) the highly nic 

. bservcd in tins �tud> Thus. iuu1, t, u • , 
. \\clhnt' as o If n11tocho11dnal � 

�g et al., 2000) and al� causes
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dcmcuon of \1 l1aru1111u ccnn1nl) 00tll.11ns bio,tct1\'C 11ga1t, lll3l will ll!ta rmtochond:ulrunc11011 nnd.ior d1 1�c the l'wl'.\1P lhcn:forc ulum:uely 1nduc11}8 aport0m Tht'lh.lt the cllcci or \f c-lu1r.11111a ts 1losc-<lq,cndcnt 1uggcsu Ul;jJ the acuvc componcnu
lhc pbnt rna) be 1111c:1uct1ng \\ 11h Spc:clllc componcn11 or the pore luch as lldcnlnc

lrot,dc trunslocnsc (AN I) Although 11 10 )Cl to be dctcmunal "'tuch of the IICU\'C

" cllCll opciung ol the pore und 1i1tbscqucntly lhc n:lc:l� of e)1ochronte e :ind oct1, ut100 of
C\ttullon CllSJ'lllo;(':..

fll:1hcr \\'Ori; ,, 111 ccr1a1nly IO\'Ol\'C the use of pw,licd C'()lnponcnts of ,\f clwra111w on the 

�IC fll'OCCS.s 10 cancer cell hncs C'Ot\SC\lucnt 10 the umd of obscnn1ions iruttlc on the 

tficas of the lcal dccocuon of Al.ch11n1111111 on M�1PTl', fa111t1) screening an tcrms of
....._ II<' n,omhologies \\ere carnal out 1n order SCIJltn c:valua11on and cxnn11nn11on of spcm, cc • ·•· 
b h I \'er cells of c,pcnmcn1:1l nus 1rc1cd 'cnry 1r the .ipoptouc process c\'idcn1 111 1 c 1 

Jed 10 other body org:llls ln1crc,11ngly. 111th the leaf decoc11on \\·ere locnli1.eJ or cxtcn 
11lct 

(P'-0 OS) 111c "ere &1gn1 ficnnt r1."du011ons spcnn n1ohhl) and &pcnn cell 

cd 10 the Jecocuon con1p:ircd to <one 
I , •re on1lly c,pos cn1r1111ons for nil un1n1uls ,\hie 1 i,c 

S) pcrccnu,gc , 1ub1ltty 1n on1n1olsl1ic ductton (P• 0.0 ,nCOntrol 81oup .ind a 61grulicun1 rt 
IJia1

d bO\'Cretavcd 45mg/100g b,,. an 11 
1 f 1996) 01x11 c-t rt 111 (N:isccn1 t ,1 • , lhtsc din SS of No.seemobscrvullon 11grc:c \Ytlh the lin 

lOOll 00 the effect� of ,\f rh11r11n11,, 
OJ 

I (811sch rt,,/,<Oi.-u l'I uf 1978) ond [3usch rt" . 
lc\'ntcd n11c: of DllOfllOsts "' 

• 
probnbly 1111 ° 

I nt there ,vus Ibale: fert1lhy nnd nlso 5ugges111 ,, 
I ahc cell,. t,.1011'holo1.11c::1l 

Jefont1u11on o .. Jc:ath or 
, 1997• 'Perm cells thereby c11using 

runi:c ol 10 • (Rcc�o. • 
c:J pcrcc11111s0 • 

...._ i,ove the: proJlO' --ovrniahhcs of ,perm c:cll• 11 

188 AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



Rozcbooni. ::!OOO) nllo,vcd for breeding on1mals ,vcrc also observed in nn,mols that
recci,cd 45nig-' I OOg b\\ and above. signifying a possible negative crrec1 of 1lu: dccoction
on spcnn n1ofl)hology, also possibly arising from enhanced opop1osis.
The dccoc11on of ,\,J.chura11r1a 1s drunk for prcvcn11on or ucatment of several health
problems, such ru; stomach ache, fever, infcc1ious diseases, arthn11s, diabetes.
h)pcrtension, cancer and to regulate blood sugar nnd control d1t1be1cs (Pinkney. 2007).

SlllCc tlus decocuon 1s conveyed to ii sites of ac11on through the blood stream. 1rrcspcc11ve
of their target organ, "e deemed 1t fit 10 adduce the effects of the decoc11on on blood

IIJrarncters It ,,·as observed that then: ,vcre no significant differences in 1he Red blood 

cell (RBC) count, white blood cell (\VBC) count. packed cell volume (PC\'),

hcamoglob1n concentration and lhe RBC indices (tv!CH. �1CV and \1CHC) when

eorn---, · I Tlus obscr"otion 1s in consonance with the1"''"" to the untreated (control) an1mn s. 

ll,n.L that orally ingested lc:if dccoction of .\/ "'"' of Plntel, er al., ( 1993) and suggests 

cJ, d GSmg/1 OOg b,v 1s safe on the blood :ara,u,a at dose levels 35mg. 45mg, SSrng nn 

�ers in treated albino rots. 
..- earned out on the c,JlCnmcntol h. CSlS \llw� •r.e results ob1.a1ned when the hver funcuon t 

(JSn,u-6Smgf I OOg b\\·) of the lQf11);,,..ls . 8 dosages o .... orally tr�led ,vtth the vnl')'ln 
,, htch the ,\Lll nnJ yG 1 levels 

d....� cndcnl pa11cm ,n �•on followed a somewhat dose.cJcp 
I control though no 

uns r-clauvc 10 I tc: ' 
lni Ii ., (i r .ill 11ro ,. 

1can11y (P,.O 05) ,ncrcascu 0 

Al r 111d ,,s·1 le\ cls

•Ii h cd for • ' 1can1 d1ffcrcncc11 were o scn 
lticll "11h 110 cons1Stcn1 

I f'CiUfll D • 
rer. ortcd ,11111 11r 

illekoon tt ul, ( 1994), hol rep 
11111 inh)' lie due to c:n1_)111e

J J 1hot thol r ,cs 
...__ conr:111 c 
�holo�cul dcfec11. 'I he srour 

. 1 l ic:nnc�oon "' ,,t 1!19-4)

10n or rncchan1,1111 1101 ohviou• 11 I "IC:tl IC\ c 
I the 1t1Jh> Op 
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llus is not the case here as histopathology for group B sho,vcd n1odcratc vascularhcmorrhage; Group C. 1nultifoci fatty degeneration and severe vascular hcrnorrhage andGroup D. moderate vascular degeneration, distrup11on of the s1nuso1ds and severeJ�encra11on. The hcn1orrhuge may be os a result of dan1agc caused to the cells of thelntt "h1lc the fott) dcgcncr:illon n1ny be auributcd to lhc hypocholesterolcmic and
bypo1ngt}ccndem1c effects of ,\f. chara1111a (1\hn1ed c1 al,. 2001, Jaysooriya cl al,2000).
� observattons imply that the decoction may be hcpatotoxic if ingested chronically ot
rcbti, ely high doses.

b CO!lclusion ,\/, charanlia induced tvl�IPT pore, expl:11n1ng 11s potency 1n cancer therapy
Ill lraditJonal medicine. The leaf decoction of,\/ clu1rn1111a has hcpatotox,c propmics :is

UlcN.ll in the incrCAScd GGT and ALP levels as well as in the consistent dose-dependent 

possible toxtc clTects of sub-acute (30-day) oral :siop2thological defects Also,

lbino ral.5 were obser, ed. suggesting ad:ninis1rn11on o f  leaf dccocuon of/,/ charanua 1" 0 

me danger to hum:uis especi:ally. in lh1s popular antr-canccr agent could pose so 

I administruuon of the uccoc:hon ,n rr-;...d I ho rcl y on oru -- to mate fcnthty 1n 1nd1, adua s \\ 
t-�,- er tl1e "'UJ8 various ailments Ho" cv • leaf dccoc1ton seems to be safe on 

d'fli ,enccs bct\\cro ,11lue1 of the L 
O 51gn1ficw1t I C �atologic.l profile :is there \,ere n 

.,____ 
ed ruts when cont ---m1l(;log,caJ pnre.snctcrs of treat 

101J 

Jl:ucd h> the conUl)I group
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ll SLl\1\1 \RY or RESULTS

I 

I 

I 

I 

I 

I 

' 

Fron1 this study ,ve conclude that orally administered leaf dccoction of A/ charu11tia
induced liver M1tochondnal Membrane Pcnneability Transition Pore (�1\,IPTP) in
non11al albino rats.

The leaf dccoetton of A,f charrul/la caused increases in lhc percentage of abnom1al
�pcrmatozou in male albino rats.

Orally administered leaf decoct1on of Af c/1ara11tin caused significant rcducuon 1n

sperm mo11hty and concentration of normal mole albino rats. 

The percentage viabihty ,n mole albino rats treated "ith 1he leaf deeottion of \/ 

chur111111a stgni ficantly reduced. 

I I d negatl\'C crfect on fcnility 1n male n general the leaf decotion of Al. cltara11t1a 13 0 

lb I I (1998) and Baschc111/.,(200J). 3 1no rats as has been observed b:,- Nnscc,n c n · • 

'Ii I increased the Al P und GGT levels in The leaf decoction of,\/. cltara11t111 s1gn1 ,cont Y 

. ,vork ofTcnnekoon et al. (1994).treated rats. TI1i s  is in consonance ,vith the 

levels were not s,gn,can1ly dirfcrcnt fromOn the other hun<l. the ALT and t\ST

I f dccoction of f.f cl1nran110control in animals upon treatment ,vith the c.-i 

. . cffccl of the leaf dccoc11011 of
I howcd nego11, c hstopatholog1cal stu<ltes of the hvcr s 

,\f cha, u111u,

also sho"•cd nci;.itl\ e erfccts 
. ididymes and testes 1 hstopathological stu<l1cs of the cp 

lb. rots ·1·1 ,n male a ,no 
r I ,,;11 on fert1 1 Y 

0 lhe leaf dccocuon of Af c ,ara, 
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$J CONTRIBUTIONS TO KNO\\'LEDGE

In this dissenation, cv1dcncc has been presented to sho,v that.

3 

The leaf dccoct1on of lv/0111ord1cC1 chC1ru1111a 1s a potent inducer of the Rat Liver
Mttochondriol Membrane Permeability Transttton (l'vlMPT) pore and this ma)' be
the link bet,vcen it and cancer chemotherapy.

The leaf dccoctaon of Mon,ordica chara11tia has anttfertility clTects as has been 

seen on its cITccts on cxpcnn1cntnl rats' spermiogrom nnd spermatozoa

lllorphorlogies. 

The leaf dccocllon of Ato,11ord,ca chara11tta has hepatotoxic elTects in

experimental rats

TI1t: leaf deeoction of Afo111ordicn clu1ra11tia seems to be safe on hacmatologic:ll

d fli es bct\\·ccn \'alucs of the profile as there ,vcre no sign, lieant I crenc 

h h mpnred 10 the control group.3cmatological parameters of treated rats ,v en co 
In u 1. 1 0111111 has a dosc-depcndtnla • \\'c conclude that the leaf dccoc11on of ,\fon,ort ,en c ,ar 

tnt,� . . I imols "hich ,vcn: orally exposed'"'111>' and hcpatotox1c clTccts on cxpcnmento on 
to 

bi pen the mitoehondnal u over a pcnod of 30 days. Also. the leaf dccoction ,s a c to o 

"1ctn ·h3t dose-dependent manner in or.ill)'br-dnc permeability transition pore 111 a sonic" 
lrCij ... , pcnod of JO days."'cxpcnn1cntal rats, Trealmc.nt being over 3
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\PPENDJX 
1.0 DETEfu,llN,\TION OF REAGENTS VOLUl\lES NEEDEDFOR S\VELLJNG ASSAY l\lEOJ Ul\l.
CONSTITUENl'S CONCENTR,\TION ARE AS FOLLO\V:

• 0.8µm Rotcnonc

• SmM Sod 1un, succ111ate

- 300µtvl Co2
' per mg mitochondrial protein

- 0.1 mM Spcnninc

Final volume oflhc S\Vclling assay 2,SOOµL

I.I rn.EPARATTON OF ROTENONE 

�lolar rnass of Rotenone = 394.40 

I �I 394.4g in 1000ml 

llvl 3.944g in 10ml 

lµM 3.944g x 10·� in 10ml 

80µM- 3.944g x 10'6 x 80g in 10ml

0.00031552g 

""0.000316g 1n lOn1l 

TI1ercfore 1'111 � 80 �,�I. 1\1, O.S µ�I 

\' 1 c.. ? and \ 2 2,500 µL 

From the mole ra110, I\ It V • �l1 VJ 

\ , 2,500 , 0.8 

80 25 µL 

1.2 PREP,\RA'l'ION OF' SPERJ\tlNE

\lolar mass -348. 19g 

J 1',f 348.19g 1n I 000ml 

lm�faJ.4819g X 1o·' 111 IOml 

X lo·> \ 4g in 100114mmcJ 4819g. · 

�o.o t 392 7!ig 111 1 omt

eQ,0 I J93g in I 01nl

Thercrorc �11= 4nt�f, �h· O. 1 n,�f

VI '! ontl V1 1,SOO 111.
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From lhc n1olc ratio, MI v 1 - t.li v 2
V1"' 2,500 X 0.1 

4 62.5 11L 
1.3 PREP.\R,\TION OF CnCl1

�lolar moss= I t I g

IM I I lg in 1000ml 

lµM -1 I lg X 10"" 
1n 10ml 

12.oooµr,,1 = 1.11 X I o"" X 12,000g in I 0ml 

= 0.01332g in I Og 

Therefore, M, = 12,000 µM, M2 120µ1\f(JOO µl\l x 0.4) 

v,-? nndV, =2,SOOµL 

from the rnole ratio, l\•I IV 1 - t.11 V,

\ I 2,500 X 120 

12000 25 µL 

1.-1 Preparation or sodiun1 succiontc 

Molar m ass - 270.1 

I l\f . 270.1 g in I 000ml 

lml.l • 2.710g x 10' in 10ml 

250n1M 2. 7 I Og '< I o·l X 250 In I 0ml 

0.675g 

TI,crefore, M 1 250mM, Mz SmM

? ., V 2,500 11L
v,= nnu l r 

from the mole 111110. l\11 'v 

v, 2,500 ,\ S 

250 
=50µL 
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2.0 BSA STANDARD CURVE
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3.0 STANDARD ALT CURVE. 
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4.0 STANDARD AST CURVE. 
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