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Plants and plant products are part of the vegetarian diet and a number of 
them ex hibit medicinal properties. Several I ndian plants are also being 
used in A y urvedic and Siddha medicines. T he medicinal properties of 
several herbal plants have been documented in ancient I ndian literature 
and the preparations have been found to be effective in the treatment of 
diseases (Handa et al.,  19 9 6 ). T he reports indicate that there is an inverse 
relationship betw een the dietary  intak e of antiox idant-rich foods and the 
incidence of human diseases (Sies,  19 9 3 ;  Halliw ell,  19 9 7 ). Hence search 
for new  sy nthetic and natural antiox idants is essentially  important. 
A lthough initial research on antiox idants w as mostly  on isolated pure 
compounds,  recent focus is more on natural formulations (Hagerman et 
al.,  19 9 8 ;  Haramak i and Pack er,  19 9 5 ). I t has been found that compounds 
in their natural formulations are more active than their isolated form 
(K hopde et al.,  2 0 0 1).  

 
M itochondria are regarded as the pow er houses of the cell. T hey  carry  out 
the most important function,  i.e.,  ox idative phosphory lation. M itochondria 
in different cell ty pes vary  w idely  in siz e,  shape and number. E ach 
mitochondrion has an outer membrane that is freely  permeable to large 
molecules and an inner membrane that is relatively  impermeable and 
contains the respiratory  chain. T he inner compartment of the mitochondria,  
enclosed by  the inner membrane,  is the matrix  in w hich K rebs cy cle tak es 
place. N A D H and F A D H2 (that are generated from the K rebs cy cle) act as 
electron donors to the electron transport chain. Proton ex trusion across the 
inner mitochondrial membrane generates an electrochemical proton 
gradient,  w hich drives A T P sy nthesis. Ox idative phosphory lation is the 
process by  w hich the energy  of ox idation is coupled to the sy nthesis of 
A T P. 
     
T he respiratory  chain comprises of four enz y me complex es located on the 
inner mitochondrial membrane (W allace,  D .C.,  19 9 2 ). 
Complex  I  [ N A D H: U biq uinone ox ido reductase] : I t is the largest and 
contains atleast 45  poly peptides,  seven of w hich are encoded by  
mitochondrial D N A . N A D  link ed substrates feed reducing eq uivalents into 
the chain via Complex  I  w hich passes electrons dow n the chain to 
ubiq uinone. 
Complex  I I  [ Succinate: U biq uinone ox ido reductase] : I t consists of 5  
poly peptides that are encoded by  nuclear D N A . I t accepts reducing 
eq uivalents from succinate and transfers to ubiq uinone. 
Complex  I I I  (U biq uinone: cy tochrome C reductase): I t consists of 11 
subunits w ith one subunit (cy t.b) encoded by  mitochondrial D N A .  
Complex  I V  (Cy tochrome C ox idase): I t consists of 13  poly peptides 3  of 
w hich are encoded by  mitochondrial D N A .  
A T P Sy nthase: I t is composed of 12  subunits,  tw o of w hich are encoded by  
mitochondrial D N A . 
 
T he gastrointestinal tract of higher animals and human species is the port 
of entry  of variety  of naturally  occurring organic plant and animal poisons 
and a w ide variety  of chemicals in the form of drugs,  pollutants and 
poisons (M ason et al.,  19 6 5 ). B efore being distributed to the body  through 
blood they  are first directed into the liver,  w hich play s a k ey  role in the 
metabolism and elimination of several drugs. Liver cells are eq uipped w ith 
a active detox ification sy stem called the mix ed function ox idase w hich 
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metabolically  alters a variety  of x enobiotics and guards the organism 
against potentially  harmful drugs. I n chronic liver desease particularly  in 
cirrhosis,  hepatic drug metabolism may  be altered by  changes in hepatic 
blood flow  or in the activity  of drug metabolising enz y mes resulting in 
modification of the intensity  of therapeutic and tox ic effects (W ilk inson and 
Shand,  19 7 5 ). 
 
T h e  m i t o c h o n d r i a l  r e s p i r a t o r y  c h a i n  a n d  f r e e  r a d i c a l s : 
 
F ree radicals are the molecules having an unpaired electron in the outer 
orbit. T hey  are highly  unstable and very  reactive. E x amples are 
superox ide,  hy drox y l,  perox y l,  alk ox y l,  hy droperox y l,  nitric ox ide and 
nitrogen diox ide. Ox y gen and nitrogen free radicals can be converted to 
other non-radical reactive species,  such as hy drogen perox ide,  
hy pochlorous acid,  hy pobromous acid and perox y nitrite. Hy drogen 
perox ide reacts w ith superox ide anions resulting in the formation of 
hy drox y l radical through the Haber-W eiss F enton reaction w hich is highly  
reactive and w ould react w ith biomolecules lik e proteins,  lipids and nucleic 
acids present in the vicinity  (W inston and Cederbaum,  19 8 3 ). R eactive 
ox y gen species (R OS) and reactive nitrogen species (R N S) are produced in 
animals and humans under phy siologic and pathologic conditions (E vans 
and Halliw ell,  2 0 0 1).  
 
Ox y gen free radicals or,  more generally ,  reactive ox y gen species (R OS),  as 
w ell as reactive nitrogen species (R N S),  are products of normal cellular 
metabolism. R OS and R N S are w ell recognised for play ing a dual role as 
both deleterious and beneficial species,  since they  can be either harmful or 
beneficial depending upon their ex tent of generation to living sy stems 
(V alk o et al.,  2 0 0 6 ). R OS are produced as by products of cellular 
metabolism,  primarily  in mitochondria. Small,  phy siological amounts of 
R OS are of cellular req uirement,  because they  are involved in signaling 
pathw ay s such as inducing and regulating a variety  of cellular activities,  
including cy tok ine secretion,  grow th,  differentiation and gene ex pression 
(Halliw ell and Gutteridge 19 9 9 ,  Hensley  et al.,  2 0 0 0 ) and in the defense 
against invading pathogens. How ever R OS in ex cess have the potential to 
induce significant biological damage and hence cell possess many  
antiox idant sy stems to scavenge R OS. U nder normal phy siologic conditions 
there is a balance betw een formation and neutraliz ation of R OS. U nder 
conditions of ox idative stress R OS production is increased. R OS induce 
ox idative damage to all biomolecules lik e D N A ,  proteins,  and lipids. 
Ox idative stress has been implicated in various pathological conditions 
involving cardiovascular disease,  cancer,  neurological disorders,  diabetes,  
ischemia/ reperfusion,  other diseases and ageing (D alle-D onne et al.,  
2 0 0 6 ). 
 
T he mitochondrial electron transport chain is a source of superox ide. U nder 
phy siologic conditions,  approx imately  1-3 %  of ox y gen consumed by  body  
is converted to superox ide and other R OS. T hus although molecular 
ox y gen is absolutely  essential for aerobic life,  it can be tox ic under certain 
conditions. T his phenomenon is termed as ox y gen paradox  (Gilbert,  2 0 0 0 ). 
T here is a link  among mitochondrial metabolism rate and elimination of 
R OS and age related changes on mitochondrial function (B alaban et al.,  
2 0 0 5 ). A  superox ide radical (O2-) is generated w hen one electron is 
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transferred to ox y gen. Superox ide radical has characteristics of both anion 
and radical. A t 2 5 0  nm,  superox ide radical reveals max imum absorption 
(approx imately  Є= 2 3 0 0 ) and the characteristic spectrum of electron spin 
resonance (E SR ). M aj or sources of superox ide radical in the cells are 
N A D PH ox idase,  x athine ox idase,  cy tochrome P 45 0  sy stems,  mitochondrial 
electron transport chain,  and arachidonate metabolism. Superox ide is 
produced from both Complex es I  and I I I  of the electron transport chain. I n 
its anionic form it is too strongly  charged to readily  cross the inner 
mitochondrial membrane. R ecently ,  it has been demonstrated that 
Complex  I -dependent superox ide is ex clusively  released into the matrix  
and that no detectable levels escape from intact mitochondria (M uller et 
al.,  2 0 0 4). T his finding fits w ell w ith the proposed site of electron leak  at 
Complex  I ,  namely  the iron–sulphur clusters of the (matrix -protruding) 
hy drophilic arm. I n addition,  ex periments on Complex  I I I  show  direct 
ex tramitochondrial release of superox ide,  but measurements of hy drogen 
perox ide production revealed that this could only  account for < 5 0 %  of the 
total electron leak  even in mitochondria lack ing Cu,  Z n-SOD . I t has been 
proposed that the remaining 5 0 %  of the electron leak  must be due to 
superox ide released to the matrix . 

 
W hen free radicals and other reactive species (e.g.,  • OH,  HOO• ,  ON OO_) 
ex tract a hy drogen atom from an unsaturated fatty  acy l chain,  a carbon 
centered lipid radical (L• ) is produced. T his is follow ed by  the addition of 
ox y gen to L•  to y ield a lipid perox y l radical (LOO• ). LOO•  further 
propagates the perox idation chain reaction by  abstracting a hy drogen atom 
from a nearby  unsaturated fatty  acid. T he resulting lipid hy droperox ide 
(LOOH) can easily  decompose to form a lipid alk ox y l radical (LO• ). T his 
series of R OS-initiated lipid perox idation reactions w ith the production of 
lipid perox y l and alk ox y l radicals,  collectively  called chain propagation,  
occurs in mammalian cells,  such that ox y gen free radicals may  cause 
damage far in ex cess of their initial reaction products. Lipid perox idation 
causes changes in the phy sical and chemical properties of membranes,  
thus altering their permeability  and fluidity . 
             
Ox idative stress is k now n to cause lipid perox idation,  D N A  fragmentation,  
impaired cellular energy  status,  and disruption of ion homeostasis. Lipid 
perox idation products lik e 4-hy drox y  nonenol and malondialdehy de are 
highly  reactive molecules that can react w ith α-amino group of proteins,  
R N A  and D N A  (Sorrell and T uma.,  19 8 7 ). Lipid perox idation has also been 
associated in a various w ay s w ith a number of normal and abnormal 
phy siological processes. T he normal process includes prostaglandin 
sy nthesis,  phagocy tosis and aging are abnormal conditions in w hich lipid 
perox idation is implicated include haemoly tic anemia,  reproductive 
dy sfunction,  liver necrosis,  muscle dy strophy ,  lung damage,  
atherosclerosis and testicular atrophy . E x tensive lipid perox idation in 
biological membranes causes impairment of membrane function,  decrease 
fluidity ,  inactivation of membrane bound receptors and enz y mes,  cross 
link ing w ith sulfy dry l groups of enz y mes etc. T hus uncontrolled lipid 
perox idation mediates a variety  of degenerative diseases leading to cell 
death. 
 
M any  different ty pes of protein ox idative modification can be induced 
directly  by  R OS or indirectly  by  reactions of secondary  by  products of 
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ox idative stress (B erlett and Stadtman,  19 9 7 ). Cy steine and methionine 
are particularly  prone to ox idative attack  by  almost all R OS. Protein 
modifications elicited by  direct ox idative attack  on Ly s,  A rg,  Pro,  T hr,  or by  
secondary  reaction of Cy s,  His or Ly s residues w ith reactive carbony l 
compounds,  can lead to the formation of protein carbony l derivatives 
(aldehy des and k etones). R OS can cause ox idation of amino acid residue 
side chains,  formation of protein-protein cross-link ages,  and ox idation of 
the protein back bone resulting in protein fragmentation. T hus protein 
carbony l content is the most general indicator and is the most commonly  
used mark er of protein ox idation (B erlett and Stadtman,  19 9 7 ;  Shacter,  
2 0 0 0 ;  B eal,  2 0 0 2 ). 
 
M odifications of the respiratory  chain Complex es (I –I V ) by  nitration,  
carbony lation and HN E  formation decrease their enz y matic activity  in vitro. 
T he electron leak age from respiratory  chain complex es and subseq uent 
R OS formation may  cause damage to any  specific subunit and contribute to 
a long-term mitochondrial dy sfunction (Chok si et al.,  2 0 0 4). 
 
M ammalian cells possess many  defense mechanisms to detox ify  free 
radicals through enz y matic and non-enz y matic reactions (F ig A ). T he k ey  
metabolic steps are the cataly sis of superox ide to hy drogen perox ide and 
ox y gen by  superox ide dismutase,  conversion of H2O2 to H2O by  glutathione 
perox idase or to O2 and H2O by  catalase. Since the reaction cataly sed by  
glutathione perox idase req uires GSH as substrate and depends in part on 
GSSG to GSH ratio,  w hich depends on the redox  state of the cell. R adical 
scavenging antiox idants such as V itamin E  interrupt the lipid perox idation 
reaction by  transferring its phenolic hy drogen to perox y l free radical of 
PU F A . V itamin C reacts w ith V itamin E  radical to y ield a vitamin C radical 
and regenerates vitamin E . Lik e vitamin E  radical vitamin C radical is not a 
reactive species because its unpaired electron is energetically  stable. T he 
vitamin C radical is then converted to vitamin C by  GSH w hich is ox idiz ed 
to GSSG. T his is then reduced to GSH by  the N A D PH dependent 
glutathione reductase. 
 
A lso there are proteins lik e haemoglobin,  transferin and ceruloplasmin that 
bind ferrous and copper ions and prevent radical generation through 
F enton reaction,  and proteases,  ribonucleases and lipases that 
preferentially  degrade the modified components of protein,  D N A  and lipids 
respectively . I n addition vitamins,  carotenoids,  flavinoids can act as chain-
break ing antiox idants (Slater et al.,  19 7 5 ). 
 
F ig A : A ntiox idant enz y mes 
        S O D  
O2-                  H2O2                  OH.          L i p i d  p e r o x i d a t i o n  

     
        
      GSSG                       
                                            F e + 2  F e + 3 
     G R   
        GSH      G P X                   c a t a l a s e   
    
           
           2 H2O                 H2O +  O2  
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One of the most prominent defense sy stems in the liver is the presence of 
glutathione (GSH) w hich is a tripeptide found in high concentrations in all 
cells. I t is sy nthesiz ed from glutamate,  cy steine,  and gly cine in the cy tosol. 
D ue to the presence of cy steine in its back bone,  GSH is k ey  in the 
regulation of disulfide bonds of proteins and in the disposal of electrophiles 
and ox idants (D eLeve and K aplow itz ,  19 9 1;  Hammond et al.,  2 0 0 1). 
 
Glutathione (GSH),  the maj or intracellular non protein thiol,  is mainly  
k now n as a nucleophilic scavenger and an enz y me-cataly z ed antiox idant in 
electrophilic/ ox idative tissue inj ury . GSH play s an important role in the 
maintenance of the intracellular redox  state. T he intracellular level of GSH,  
w hich differ from one cell ty pe to another,  may  be crucial for R OS-induced 
N F -ĸ B  response (N anx in and M ichael,  19 9 9 ). T he ex tracellular GSH 
catabolism may  be involved in the modulation of cell signalling and 
activation of transcription factors.  
 
N F -ĸ B  is a ubiq uitous transcription factor that regulates inflammatory  
mediators,  and several structural proteins that are involved in infection,  
inflammation,  stress responses and apoptosis (B aeuerle and Henk el,  
19 9 4). T he ex act and complex  molecular mechanisms involved in the 
regulation of N F - ĸ B  remain to be elucidated (N anx in and M ichael,  19 9 9 ). 
R eactive ox y gen species have been implicated as second messengers 
involved in the activation of N F - ĸ B  v i a tumour necrosis factor (T N F ) and 
interleuk in-1 (Poli et al.,  2 0 0 4 and V alk o et al.,  2 0 0 6 ). H2O2 possess 
several properties that mak e it ideal for to act as second messenger. T hey  
are,  of small siz e and therefore diffuse rapidly  through biological 
membranes,  and their sy nthesis and degradation are fast (B aeuerle et al.,  
19 9 6 ).  
 
Superox ide dismutases constitute the only  mammalian antiox idant 
enz y mes converting superox ide to H2O2. T here are 3  ty pes of mammalian 
SOD s i.e.,  copper–z inc SOD  (CuZ nSOD ),  manganese SOD  (M nSOD ),  and 
ex tracellular SOD  (E CSOD ). CuZ n-SOD  is mainly  a cy tosolic enz y me,  but it 
has also been detected in cellular organelles. T he distribution of CuZ nSOD  
positions it to be the primary  enz y me protecting cells against cy tosolic-
generated superox ide. M nSOD  is sy nthesiz ed in the cy tosol as a precursor 
molecule and is transported to the mitochondria [ M atsuda et al.,  19 9 0 ). 
B eing mitochondrial,  probably  it has an important role in the ox idant 
resistance and apoptosis of rapidly  grow ing cancer cells. E CSOD  is 
sy nthesiz ed in the cy tosol and has a secretory  leader seq uence and four 
heparin-binding domains (one per each of four subunits) that contribute to 
the binding of E CSOD  to ex tracellular matrix  proteins (M ark lund et al.,  
19 8 2 ;  Oury  et al.,  19 9 4).  
 
M nSOD  is essential to the vitality  of mammalian cells. M nSOD  is a 
homotetramer,  w hich contains one manganese ion per subunit (W eisiger 
and F ridovich,  19 7 3 ). T he M nSOD  gene is located in chromosome 6 q 2 5 . 
T otal k nock out of the M nSOD  gene is perinatally  lethal,  leading to 
neurological manifestations and cardiotox icity  (Lebovitz  et al.,  19 9 6 ;  T san,  
2 0 0 1). Heteroz y gous mice w ith low ered M nSOD  activity  have increased 
mitochondrial ox idative damage [ T san,  2 0 0 1;  W illiams et al.,  19 9 8 ] . T he 
familial form of amy otrophic lateral sclerosis,  or F A LS,  has been show n to 
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be associated w ith defects in the gene encoding Cu, Z n-SOD  ( s o d  1) 
(R osen,  D . R . et al.,  19 9 3 ;  D eng et al.,  19 9 3 ;  Siddiq ue,  19 9 0 ). 
 
CuZ nSOD ,  especially  genetic variations thereof, been link ed to degenerative 
neuronal diseases. CuZ nSOD  is a homodimer w ith a molecular w eight of 3 2  
k D a and its gene is located in chromosome 2 1q 2 2  (M cCord and F ridovich,  
19 6 9 ;  Sherman et al.,  19 8 4). CuZ n-SOD  k nock out animals are viable (Ho 
et al.,  19 9 8 ),  but fibroblasts derived from those animals proliferate more 
slow ly  (7 5 % ) than control cells and their resistance to paraq uat tox icity  is 
decreased (Huang et al.,  19 9 7 ),  emphasiz ing the importance of CuZ n-SOD  
in cell grow th and survival. I n mammals the highest levels have been 
detected in the liver,  k idney ,  ery throcy tes,  and central nervous sy stem.  
 
Gluthathion perox idase (GSH-Px ,  E C 1.11.1.9 ) is a selenoprotein including 
selenocy stein residue in the active site. T hree ty pes of GSH-Px  have been 
confirmed. Cellular glutathione perox idase is a tetrameric protein,  and is 
composed of four subunits containing one atom of Se. Plasma glutathione 
perox idase ex hibits a tetrameric as w ell as cellular form. A  third 
glutathione perox idase,  namely  phospholipid hy droperox ide glutathione 
perox idase (PHGSH-Px ),  is a monomeric membrane-associated enz y me. 
T hese enz y mes cataly z e the reduction of H2O2 and a variety  of organic 
hy droperox ides (R OOH). T he decomposition efficiency  of the substrates of 
glutathione perox idase depends on the concentration of the reduced 
glutathione as a coenz y me. I t is suggested that the phy siological roles of 
GSHPx  include reduction of H2O2 and prevention of lipid perox idation as 
w ell as catalase (Little,  19 7 2 ). 
 
Catalase (E C 1.11.6 .1) is a tetrameric hemeprotein,  and is mainly  
confirmed in perox y some. I t is ubiq uitously  distributed in animal and plant 
cells and cataly z es the reduction of various substrates such as H2O2 ,  
methy lperox ide (CH3OOH),  and ethy lperox ide (C2H5OOH). U nder optimum 
condition (K m =  1.1 M ),  this enz y me activity  is higher than GSHPx . 
Patients w ith acatalasemia,  a rare congenital disorder w ith abnormalities in 
ery throcy te catalase activity  and low ered catalase levels in other tissues,  
appear to live a fairly  normal life (Ogata,  19 9 1).  
 
             Al l y l  a l c o h o l : 
 

Commercial name A lly lalcohol/ viny l 
carbinol/ 2 -Propen-1-ol 

M olecular formula C3H6O/ CH2 = CHCH2OH 
M olecular w eight 5 8 .1 gms 
Phy sical state,  
appearance 

Colour liq uid w ith pungent 
odour 

 
 
A lly l alcohol is a tox ic,  colorless liq uid. I t is an ex tremely  haz ardous 
substance. I t is mainly  used as herbicide and is used in the manufacture of 
food flavorings,  ally l compounds,  w ar gas,  resins,  plasticiz ers and fire 
retardants,  ally l esters. I t is an intermediate for pharmaceuticals,  other 
organic chemicals and military  poison.  
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Short-term (acute) effects 
 
Severe irritation and burns of the ey es,  nose and sk in. I nhalation of ally l 
alcohol causes a build-up of fluid in the lungs (pulmonary  edema),  causing 
a severe shortness of breath and death if not treated. I ngesting ally l 
alcohol can cause abdominal pain,  nausea,  vomiting,  diarrhea and/ or liver 
damage,  headache,  diz z iness,  w eak ness and loss of consciousness,  coma,  
cardiovascular failure and death. 
 
Long-term (chronic) effects 
 
Liver or k idney  damage,  depending on the route of ex posure. I nhalation of 
ally l alcohol causes respiratory  conditions such as asthma,  bronchitis or 
emphy sema,  coughing,  shortness of breath and lung irritation and/ or 
damage. 
 
A lly l alcohol (A A ) is a chemical used in manufacturing processes in food 
flavoring and in agriculture as a w eed k iller (B eauchamp et al.,  19 8 5 ;  
A tz ori et al.,  19 8 9 ). I t irritates mucous membranes and is especially  
harmful in the liver,  producing cell necrosis selectively  in the periportal 
z one. I t is metaboliz ed by  cy tosolic alcohol dehy drogenase to acrolein,  an 
unsaturated aldehy de (R ees and T arlow ,  19 6 7 ). A crolein is a pow erful 
electrophile and reacts w ith nucleophiles,  such as sulfhy dry l groups. T he 
thiol group of glutathione is a favored target and so glutathione is primarily  
involved in the reaction w hich leads to GSH depletion. T he reaction is 
mark edly  accelerated by  the activity  of cy tosolic glutathione S-transferase. 
T he nucleophilic glutathione is an important protective factor of hepatic 
cells in the detox ification of acrolein.  
 
T he effect of acute ex posure of rats to ally l alcohol (0 .0 5  ml/ k g,  ip) on the 
activity  of enz y mes of hepatic phase I  (cy tochrome p45 0 -link ed 
microsomal monoox y genases,  epox ide hy drolase) and phase I I  
(glucurony l-,  glutathione-,  acety l- and sulfo transferases) 
biotransformation w ere studied in rats. A lly l alcohol reduced hepatic 
cy tochrome p45 0  in liver,  and the activities of ethy lmorphine demethy lase,  
benz phetamine demethy lase,  benz o[ a] py rene hy drox y lase,  and 
ethox y resorufin deethy lase. N o significant decreases in epox ide hy drolase 
or glucurony ltransferase activities w ere observed. T he activities of cy tosolic 
conj ugating enz y mes (glutathione,  sulfo- and acety l transferases) also 
w ere minimally  affected by  tox ic liver inj ury  (Gregus et al.,  19 8 2 ). 
 
A cute E x posure of ally l alcohol administered to F ischer 3 44 rats produce 
cell specific inj ury  in centrilobular hepatocy tes,  periportal hepatocy tes,  and 
bile duct cells,  respectively . A lly l alcohol administration increased serum 
alanine aminotransferase activity  but had no effect on serum gamma-
glutamy l transferase activity  (Leonard T B  et al.,  19 8 4). A cute E x posure 
0 .0 5  ml/ k g of ally l alcohol administered orally  to mice caused depletion of 
hepatic glutathione (Sieger’ s et al.,  19 7 7 ). 
 
I t has been suggested that the alk y lation of nucleophilic groups of cellular 
macromolecules affected by  acrolein after glutathione depletion is the 
event actually  leading to cell inj ury  (Ohno et al.,  19 8 5 ). How ever other 
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reports have suggested that a maj or role in ally l alcohol induced 
hepatotox icity  play  lipid perox idation (M iccadei et al.,  19 8 8 ;  Pompella et 
al.,  19 9 1). A crolein depletes glutathione content of the hepatocy tes there 
by  sensitiz ing the cells to the constitutive flux  of active ox y gen species 
(M iccadei et al.,  19 8 8 ).  
 
A crolein is a highly  tox ic aldehy de involved in a number of diseases as w ell 
as drug-induced tox icities. F ormed during the combustion of organic 
matter,  it is implicated in the pathogenesis of smok e inhalation inj ury  to 
the lung (Hales et al.,  19 8 8 ). A crolein also forms via hepatic 
biotransformation of the chemotherapeutic drugs lik e cy clophosphamide 
and I fosfamide (Ludeman,  19 9 9 ). I n addition,  there is grow ing recognition 
that endogenous acrolein,  formed via lipid perox idation,  mediates cell 
damage in various diseases of old age,  including A lz heimer’ s disease 
(U chida et al.,  19 9 8 a;  U chida,  19 9 9 ;  Lovell and M ark esbery ,  2 0 0 1). 
A crolein’ s pronounced tox icity  reflects its reactivity  as a bifunctional 
electrophile,  ensuring that it readily  attack s electron dense-centres in D N A  
and protein (E sterbauer et al.,  19 9 1). T his reactivity  underlies most of the 
cellular effects of acrolein,  including alterations in the activity  of 
transcription factors such as A P-1,  nuclear factor ĸ B ,  and N rf2  (Horton et 
al.,  19 9 9 ;  B isw al et al.,  2 0 0 2 ;  T irumalai et al.,  2 0 0 2 );  inhibition of cy tok ine 
production (Li et al.,  19 9 7 );  and cell death (Li et al.,  19 9 7 ;  K ern and 
K ehrer,  2 0 0 2 ). 
 
            

        G l u t a t h i o n e  S -t r a n s f e r a s e s  ( G S T s ) : 
 
T he glutathione-s-transferases (GST s,  E C 2 .5 .1.18 ) are an integral part of 
phase I  (ox idation)/  phase I I  (conj ugation) sy stem,  multifunctional 
proteins involved in the detox ication of reactive electrophilic compounds 
from ex ogenous (x enobiotics and their metabolites) or endogenous origin 
(organic perox ides,  product of ox idative stress) in aerobic organisms 
(J ak oby ,  19 7 8 ). 
 
S t r u c t u r a l  m u l t i p l i c i t y  o f  G S T : 
 
A lthough GST s are distributed ubiq uitously ,  they  have been studied most 
ex tensively  in mammalian livers,  mainly  because of their ex ceptional 
abundance there. I n the rat liver,  the GST s constitutes up to 10  %  of the 
total ex tractable proteins w hereas they  represent approx imately  3 %  in the 
rat brain and human liver (J ak oby ,  19 7 8 ). 
So far,  seven different classes of cy tosolic isoz y mes of GST s are identified 
i.e.,  alpha,  M u,  Pi,  T heta,  Sigma,  K appa and Z eta (Coggan et al.,  19 9 8 ;  
Hay es and Pulford,  19 9 5 ;  M annervik  et al.,  19 9 2 ;  B oard et al.,  19 9 7 ) and 
three different forms of M icrosomal GST s (A ndeersson et al., 19 9 4;  
J ack obsson et al.,  19 9 6 ). T hey  are active as homo- or hetero- dimers 
containing subunit belonging to the same class (Carne et al.,  19 7 9 ),  w ith 
the ex ception of microsomal GST s that ex ists as homotrimer ranging from 
17  to 2 8  k D a. E ach subunit consists of tw o binding sites designated as G-
site,  for GSH binding at N -terminus,  and an H-site for hy drophobic or 
electrophilic substances binding at the C-terminus of the protein 
(A rmstrong,  19 9 7 ). T he binding domain of GST s to GSH is ex ploited for the 
purification of GST s employ ing a GSH-affinity  column. 
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A rmstrong in 19 9 4 proposed that binding of GSH to G-site results in 
formation of thiolate anion (GS-) that low ers the pK a of GSH from 9 .0  in 
aq ueous solution to 6 .5  in bound state. B inding of GSH to G-site is 
primarily  facilitated by  conserved ty rosine residue that stabiliz es thiolate 
anion (GS-) by  hy drogen binding. 
 
C a t a l y t i c  a n d  N o n -c a t a l y t i c  f u n c t i o n s  o f  G S T s : 
 
V arious actions of GST  can be classified into tw o categories: (1) cataly tic 
functions and (2 ) binding,  transport and storage functions. T he common 
feature of all GST s is their ability  to increase the nucleophilicity  of the 
sulfhy dry l group of GSH,  w hich participate in various reactions. T he w ell 
k now n cataly tic functions of GST  are conj ugation,  perox ide reduction and 
isomerisation. 
 
C a t a l y t i c  F u n c t i o n s : 
 
1. Conj ugation: 
           A ll GST s conj ugate the sulfhy dry l group of GSH to the electrophilic 
centers of second substrates,  forming a GSH thioether product. T his 
reaction is the first step of the meracapturic acid pathw ay  and has been 
review ed ex tensively  (Chasseaud,  19 7 9 ;  J ak oby  and Habig,  19 8 0 ;  Smith et 
al.,  19 7 7 ). T he second substrates include a w ide variety  of x enobiotics,  
most of w hich are sy nthetic chemical such as halonitrobenz ene,  or 
endogenously  generated electrophilic intermediates,  such as arene ox ides,  
a phase one biotransformation product. T he thioether product itself is 
ex creted directly  into the bile,  and finally  into the faeces after further 
metabolism in the gut (Chasseaud,  19 7 6 ;  N eilsen and R asmussen,  19 7 7 ). 
T he conj ugates that reach the k idney  are further converted to mercapturic 
acid and then ex creted into the urine (K oz ak  and T ate,  19 8 2 ;  T ateishi and 
Shiniz u,  19 8 0 ;  T hompson and M eister,  19 7 7 ). T he purpose of the 
mercapturic acid formation appears to be inactivation of the potentially  
tox ic electrophilic center of the substrate molecule and,  at the same time,  
formation of a more hy drophilic conj ugate for ex cretion. T herefore GST s 
serve a k ey  role in preventing the interaction of highly  reactive chemical 
compounds and activated carcinogens w ith macromolecules such as 
proteins or nucleic acids (Chasseaud,  19 7 9 ). 
 
 
2 . Ox idation-reduction: 
         I n 19 7 6  it w as reported that some GST s cataly z e GSH-dependent 
reduction of organic hy droperox ides (Law rence and B urk ,  19 7 6 ;  Prohask a 
and Ganther,  19 7 6 ). T his glutathione perox idise activity  is referred to as 
glutathione perox idise I I  to distinguish it from glutathione perox idise I  
(E C.1.11.1.9 ),  w hich w as originally  reported in 19 5 7  to be tetrameric 
protein containing four atoms of selenium (Se) per 8 4, 0 0 0  dalton 
molecular w eight mass (M ills,  19 5 7 ). T he maj or biochemical difference 
betw een GSHPX  I  and GSHPX  I I  and the basis for their analy tical 
distinction is the ability  of Se-GSH-PX  to cataly z e the reduction of both 
organic hy dro perox ides and hy drogen perox ide,  w hereas the GST s w ith 
GSHPX  I I  activity ,  also referred to as non Se-GSH-Px ,  can only  cataly z e the 
reduction of organic hy droperox ides (Law rence and B urk ,  19 7 6 ). I n the 
selenium deficient rats there is an increased GPX  I I  activity . T he GSHPX  I I  
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cataly ses the conversion of organic perox ides to corresponding alcohols. 
T his ty pe of reaction is thought to represent nucleophilic attack  by  GSH on 
electrophilic ox y gen. I t is believed to involve tw o steps,  one of w hich is 
cataly tic and proceeds via the formation of sulfenic acid of glutathione. T he 
substrates that GST s reduce include fatty  acids phospholipids,  and D N A  
hy droperox ides. A s these compounds are generated by  lipid perox idation 
and ox idative damage to D N A ,  it is proposed that GST s as w ell as other 
GSH-dependent enz y mes help to combat ox idative stress. D etox ification of 
lipid perox ides by  microsomal GST s can occur i n  s i tu  w hereas detox ification 
by  cy tosolic GST s req uires prior release of F A  hy droperox ides by  
phospholipase A 2. 
 
3 . I someriz ation: 
 T he GST s w ere also discovered to have isomerase activity  (B enson et al.,  
19 7 7 ). T he reaction can be carried out w ith tw o phy siologically  important 
substrates,  ∆ 5- androstene-3 ,  17 -dione and maley l acetone (B enson et al.,  
19 7 7 ;  K een and J ak oby  19 7 8 ). A  transient GSH adduct is presumed to be 
formed in these reactions,  w hich rearranges to GSH and the more stable 
isomer of the organic substrates,  GSH is,  therefore not consumed. 
 
N o n -c a t a l y t i c  f u n c t i o n s  
 
Ligand binding properties: 
M any  GST  enz y mes ex hibit a ligand binding functions,  w hich involves the 
non-covalent binding of hy drophobic ligands such as heme,  bilirubin,  
various steroids,  and conceivably  some lipophilic anticancer drugs that are 
not the usual substrates (B hargava et al.,  19 8 0 ;  Homma et al.,  19 8 5 ). 
GST -mediated ligand bindings are often associated w ith the inhibition of 
GST  activity  by  the bound ligand and appear to facilitate the intracellular 
transport of these lipophilic compounds (B oy er and K enny ,  19 8 5 ). F or 
ex ample,  binding of thy roid hormone to GST  controls their intracellular 
transfer to receptors and components involved in their metabolism. I t w as 
show n previously  that bile acids are capable of binding to certain forms of 
GST s w ith affinity  constants in the order of 10 -4-10 -5 M -1. B ile acid binding 
w as found to inhibit 5 0 %  of cy tosolic GST  activity  (V essey  and Z ak im,  
19 8 1). 
 
I n d u c t i o n  o f  t o x i c i t y  b y  G S T  
 
GST  binding to foreign compounds does not alw ay s result in detox ification. 
F or,  ex ample,  a few  GSH conj ugates are relatively  unstable and the 
reaction product is either cleaved to liberate an unconj ugate metabolite 
that req uires further detox ification (T hioly sis),  or the reaction is reversible-
allow ing regeneration of the original electrophile (R eversible conj ugation). 
 
T h i o l y s i s  
  
T his occurs w ith certain ethers,  esters and organic phosphates w hen 
conj ugation leads to cleavage of the substrate w ith only  one of the tw o 
products being conj ugated. I n case of p-nitrophenol acetate,  the herbicide 
fluorodifen and insecticide E PN  results in the release of p-nitrophenol;  
presumably ,  the p-nitrophenol is metaboliz ed by  U D P-glucuronosy l 
transferase and phenol sulfotransferase. T hioly sis represent incomplete  
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detox ification because the conj ugated cleavage product still provides threat 
to the cell.        
 
R e v e r s i b l e  c o n j u g a t i o n  
         
T his occurs w ith certain cy totox ic isothiocy anate. F ollow ing reaction of 
benz y l,  ally l,  phenethy l isothiocy anate w ith GSH,  their respective 
conj ugates are not stable and y ield the parental thiocy anate in mildly  
acidic media. I n the case of benz y l and phenethy l isothiocy anate,  GST  can 
cataly z e both forw ard and back w ard reactions but at high concentrations,  
the eq uilibrium is shifted in favour of formation of the GSH conj ugates. T he 
reversibility  of this reaction means conj ugates may  not represent 
detox ification products rather,  temporary  storage or transport forms. 
 
GST s ex ist in multiple forms in rat liver (Habig et al.,  19 7 4;  M annervik ,  
19 8 5 ). T he maj or cy tosolic forms consist of homo or hetero-dimers of the 
subunits Y a,  Y c,  Y bl and Y b2 (Hay es &  M antle,  19 8 6 ). T hese subunits have 
also been named w ith the arabic numerals 1,  2 ,  3  and 4 respectively ,  
(M annervik ,  19 8 5 ). Heterodimers can only  be formed betw een subunits 
that have ex tensive seq uence homology ,  and the subunits that can 
hy bridiz e are thought to arise from the same gene family  (K etterer et al.,  
19 8 3 ;  Hay es,  19 8 4). T he maj or GST  isoenz y mes are GST  Y aY a,  GST  Y aY c,  
GST  Y cY c,  GST  Y bl Y bl ,  GST  Y bl Y b2 and GST  Y b2 Y b2 (Hay es,  19 8 3 ). T he 
GST s have differing non-Se-GSHpx  activities,  dependent upon the activity  
of their individual subunits,  w ith the Y a and Y c subunits having the highest 
activity  (M ey er et al.,  19 8 5 ;  M annervik ,  19 8 5 ). Y a and Y c cataly se the 
reduction of hy dro perox ides,  isomerisation of prostaglandin. Y b subunit 
involved in the formation of leuk otrienes. 
 
 
 M e d i c i n a l  p l a n t s : 
 
P h y l l a n t h u s  f r a t e r n u s : 
 
F a m i l y : 
E uphorbiaceae 
 
H a b i t a t : 
A nnual herb,  the stem is non-erect and 3 0 cm tall,  leafy  shoot is 5 -10 cm 
long,  oblong and j oined to the brachlets of the stem,  six  sepals in the 
flow er,  distributed in I ndia,  pak isthan and introduced into Saudi A rabia,  
A frica and W est indies (A bedin et al.,  2 0 0 1). I t is w idely  distributed in the 
northern region of I ndia. 
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                             P h y l l a n t h u s  f r a t e r n u s  
 
P r o p e r t i e s  a n d  u s e s  a s c r i b e d  t o  P . f r a t e r n u s  i n  t r a d i t i o n a l  m e d i c i n e : 
 
T he plant is bitter in taste,  astringent,  stomachic,  diuretic and antiseptic. I t 
is used in gastric complaints including dy spepsia,  colic,  diarrohea and 
dy sentery ;  also employ ed in dropsy  and diseases of urinogenital sy stem. 
T he plant is also said to be useful in diabetes. A  decoction of the leaves is 
used as a refrigerant for scalp;  leaves and roots are made into poultice 
w ith rice w ater for application on oedematous sw ellings and ulcers. T he 
latex  is also applied to offensive sores and ulcers,  mix ed w ith oil,  it is used 
in opthalmia. T he fresh leaves are also considered as a remedy  for 
j aundice. 
  Chemical studies of the plant have reported that the leaves of 
P .f r ater n u s  contain a number of lignans and alk aloids. Phy llanthin (a bitter 
constituent) and hy pophy llanthin (a non-bitter compound) w ere isolated 
from the leaves of P .f r ater n u s  and identified as lignans. Phy llanthin w as 
found to be (+ ) 3 ,  4,  3 ’ ,  4,  9 ,  9 ’  – hex amethox y -8 ,  8 ’ – butty rolignan w ith 
absolute (8 s,  8 ’ s) configuration (R ow  et al.,  19 6 4). T he hex ane ex tract of 
the leaves gave three additional lignans viz . niranthin,  nirtetralin and 
phy ltetralin (anj aney ulu et al,  19 7 3 ). T he distribution of the lignans in the 
leaves varied considerably  w ith geographic location of the plant 
(anj aney ulu et al,  19 7 3 ). T he arial parts of the P .f r ater n u s  y ielded four 
alk aloids,  4-methox y  securinine (phy llanthine) and 4-methox y - 
norsecurinine. T he ethy l acetate portion of the w ater soluble fraction of the 
ethanolic ex tract of the P .f r ater n u s  roots y ielded 2  new  gly coflavones,  
w hich are charecterised as 3 , 5 , 7 - trihy drox y  flavonal- 4’ o-α-L-
rhamnopy ranoside (Chauhan et al.,  19 7 7 ). A nother new  compound viz .,  
lintetralin w as also isolated from P .f r ater n u s  (W ard et al.,  19 7 9 ). 
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P h a r m a c o l o g i c a l  s t u d i e s  o n  P . f r a t e r n u s : 
  
T he aq ueous ex tract of P .f r ater n u s  leaves w as reported to produce 
hy pogly caemic action in normal as w ell as allox an-diabetic rabbits. T he 
ex tract low ered the blood sugar even w hen it w as administered one hour 
after glucose administration. T he hy pogly ceamic activity  of the leaf ex tract 
appeared to be higher than that of tolbutamide (R amak rishnan et al.,  
19 8 2 ). Petrol ex tract of P .f r ater n u s  (w hole plant) show ed antifungal 
activity  against H elm i n th o s p o r i u m  s ati v u m  (B hatnagar et al.,  19 6 1). A n 
aq ueous ex tract of the plant inhibits D N A  poly merase of w ood chuck  
hepatitis virus (W HV ) and binds to the surface antigen of W HV  in vitro 
(V enk atesw aran et al.,  19 8 7 ). P .f r ater n u s  has been show n to be effective 
as an adj unct w ith other siddha drugs in the treatment of j aundice due to 
infective hepatitis (R amanan and Sainani,  19 6 1). I t w as reported earlier 
from our laboratory  that mitochondrial dy sfunction caused by  the 
administration of alcohol (Sebastian and Setty ,  19 9 9 ) or thioacetamide 
(Padma and Setty ,  19 9 7 ) or carbon tetra chloride (Padma and Setty ,  19 9 9 ) 
could be prevented by  prior administration of aq ueous ex tract of P . 
f r ater n u s . 

     
        H e m i d e s m u s  i n d i c u s  ( L i n n .)  R .B r . 

 
F a m i l y : 
A sclepiadaceae 
 
 
 

   H e m i d e s m u s  i n d i c u s  
 

 
 
 

        R o o t s  
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         H a b i t a t : 
T hroughout I ndia             
 
C l a s s i c a l  a n d  C o m m o n  N a m e s : 
 
Ay u r v e d i c :  
Saarivaa (W hite variety ),  A nanatmuula,  Gopavalli,  U tpalsaarivaa,  K apuuri. 
K rishna Saarivaa (black  variety ),  J ambuupatraasaarivaa A y urvedic 
F ormulary  of I ndia accepts H em i d es m u s  i n d i c u s  and C r y p to lep i s  b u c h an an i i  
R o em  an d  S c h y tt as the w hite and black  varieties of Saarivaa. 
 
S i d d h a : 
N innari 
E n g l i s h : 
I ndian Sarsaparilla 
 
T e l u g u : 
Sugandhipala,  muttapulgam 
 
P a r t s  U s e d : 
R oot 
 
P r o p e r t i e s  a n d  U s e s : 
 
T he drug is sw eet,  demulscent,  diaphoretic,  diuretic and tonic and is useful 
in the loss of appetite,  fever,  sk in diseases,  diarrhoea,  and nutritional 
disorders and is a blood purifier. 
 
T he root is included in the I ndian pharmacopoeia (19 6 6 ) and the I ndian 
pharmaceutical vodex  (19 5 5 ). I t is sw eet,  demulcent,  alternative,  
diaphoretic,  diuretic,  tonic and is useful in the loss of appetite,  fever,  sk in 
diseases,  diarrhoea,  and is a blood purifier. I t forms an important 
ingredient of some A y urvedic preparations such as A s w ag an d h ad i  
c h u r n am ,  A s w ag an d h ad i  leh am ,  c h an d an as av a and others. 
 
T he plant has been mentioned in I ndigenous Sy stem of M edicine as 
M u tr av i r ec h am ,  B aly a,  R ak tas h o d h ak  (blood purifier),  D ah ap r as h am an  
(soothes burning sensation) and useful in treatment of j w ar  (fever) 
k u s h th a,  p r ad ar ,  ag n i m an d y a,  p r am eh a and others. 
 
T he methanolic ex tract of H em i d es m u s  i n d i c u s  roots w as found to inhibit 
lipid perox idation and scavenge hy drox y l and superox ide radicals in vitro. 
T he amount req uired for 5 0  %  inhibition of lipid perox ide formation w as 
2 17 .5  µ g /  ml. T he concentrations needed to scavenge hy drox y l and 
superox ide radicals w ere 7 3 .5  and 2 8 7 .5  µ g /  ml,  respectively  (M ary  et al.,  
2 0 0 3 ). 
 
Ac t i v e  P r i n c i p l e s  a n d  P h a r m a c o l o g y : 
 

• T w o novel pregnane gly cosides,  denicunine and heminine have been 
isolated from the dried stem of H em i d es m u s  i n d i c u s . T w igs of the plant 
gave a pregnane ester digly coside named desinine. 
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• R oots gave β-sitosterol,  2 -hy drox y -4-methox y -benz aldehy de,  α-amy rin,  

β-amy rin and its acetate,  hex atriacontane,  lupeol actacosonoate,  lupeol 
and its acetate. 
 

• Leaves,  stem and root cultures produce cholesterol,  campesterol,  β-
sitosterol and 16 -dehy dropregnenolone. 
 

• Leaves and flow ers also gave flavonoid gly coside: rutin,  hy peroside and 
iso-q uercitrin. 
 

• T he essential oil (2 -hy drox y -4-methox y -benz aldehy de) isolated from the 
plant possesses anti bacterial property  against Gram-positive and Gram- 
negative bacteria. 
 

• T he aq ueous ethanolic ex tract of the w hole plant show ed anti-viral 
activity  against R anik het disease virus. 
 

• A  saponin from the drug w as found to possess an anti-inflammatory  
activity  in ex perimental animals. T he fresh decoction of roots w as found to 
possess a blood-purify ing property . 
 
U s e  i n  W e s t e r n  H e r b a l : 
 
H em i d es m u s  i n d i c u s  has been successfully  used in the cure of venereal 
disease. T he drug is used as an infusion,  as boiling dissipates its volatile 
principle,  for rheumatism,  sk in diseases and thrush. A lso used in nephritic 
complaints and for sore mouth in children. 
 
Sarsaparilla is used as an anti-inflammatory  and cleansing agent,  w hich 
can bring relief to sk in problems such as ecz ema,  psoriasis and general 
itchiness,  and helps in rheumatism and gout treatment. I t has a tonic and 
specifically  testosterogenic action on the body  leading to increased muscle 
bulk  and has a potential use for impotence. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

O B J E C T I V E S  
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OBJECTIVES OF THE STUDY 
 

 
 
 
T h e  m a i n  o b j e c t i v e  o f  t h i s st u d y  i s t o  f i n d  o u t  t h e  p r o t e c t i v e  e f f e c t  o f  p r i o r  
a d m i n i st r a t i o n  o f  t h e  a q u e o u s e x t r a c t  o f  Phyllanthus fraternus a n d  
H em i d esm us i nd i c us a g a i n st  t h e  a l l y l  a l c o h o l  i n d u c e d  o x i d a t i v e  st r e ss.  T h e  
st u d y  i n c l u d e s: 
 

     1 .  T o  d e v e l o p  o x i d a t i v e  st r e ss b y  t h e  a d m i n i st r a t i o n  o f  a l l y l  a l c o h o l  i n  r a t    
         m o d e l  t o  su i t  t o  o u r  k i n d  o f  e x p e r i m e n t s.  
            
     2 .  T o  e st a b l i sh  a  p r o t e c t i v e  e f f e c t  o f  p r i o r  a d m i n i st r a t i o n  o f  t h e  a q u e o u s  
         e x t r a c t  o f  Phyllanthus fraternus a n d  H em i d esm us i nd i c us a g a i n st  t h e                        
         a l l y l  a l c o h o l  i n d u c e d  o x i d a t i v e  st r e ss.  
 
     3 .  T o  f i n d  o u t  t h e  m e c h a n i sm  b y  w h i c h  t h e se  p l a n t  e x t r a c t s e x e r t   
         p r o t e c t i o n .  

 
T h e  f o l l o w i n g  p a r a m e t e r s a r e  u se d  t o  f o l l o w  t h e  e x t e n t  o f  o x i d a t i v e  st r e ss 
a n d  a n sw e r  t h i s q u e st i o n .  
 
a )  M e a su r e m e n t  o f  m e m b r a n e  i n t e g r i t y  ( m e a su r e d  b y  r a t e  o f  r e sp i r a t i o n ,  
R C R  a n d  P / O )  a n d  m e m b r a n e  p o t e n t i a l .  
 
b )  L i v e r  d a m a g e  m e a su r e d  b y  t r a n sa m i n a se s a n d  f r o m  h i st o l o g i c a l  st u d i e s.  
 
c )  M e a su r e m e n t  o f  f r e e  r a d i c a l  d a m a g e  t o  l i k e  l i p i d  p e r o x i d a t i o n  a n d  
p r o t e i n  o x i d a t i o n .  
 
d )  M e a su r e m e n t  o f  a c t i v i t i e s o f  a n t i o x i d a n t  e n z y m e s l i k e  c a t a l a se ,  
su p e r o x i d e  d i sm u t a se ,  g l u t a t h i o n e  p e r o x i d a se  a n d  g l u t a t h i o n e  r e d u c t a se .  
 
e )  M e a su r e m e n t  o f  b o d y ’ s i m p o r t a n t  a n t i o x i d a n t  g l u t a t h i o n e  ( b o t h  r e d u c e d  
a n d  o x i d i se d  f o r m ) .  
 
f )  A c t i v i t y  a n d  p u r i f i c a t i o n  o f  g l u t a t h i o n e  t r a n sf e r a se s.  
 
g )  M e a su r e m e n t  o f  su p e r o x i d e  r a d i c a l  u si n g  sp i n  t r a p  b y  E S R .  
 

 



 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

MATERIALS AND METHODS 
 
 
 
 
 
 
 
 
 
 
 
 



 17 

Animals: 
 
Al l  t h e ex p eri m en t s  w ere p erf orm ed  i n  c ol on y  b red  ra t s , d eri v ed  f rom  
W i s t a r s t ra i n , ra i s ed  i n  a n i m a l  h ou s e f a c i l i t y  of  U n i v ers i t y  of  H y d era b a d . 
R a t s  w ei g h i n g  a b ou t  12 0 +2 0  g m s  w ere u s ed  f or t h e p res en t  s t u d y . T h ey  
w ere g i v en  f ood  ( b a l a n c ed  p el l et  f ood  s u p p l i ed  b y  H i n d u s t a n  l ev er L t d ., 
I n d i a )  a n d  w a t er ad Libitium. T h e w ei g h t  of  t h e ra t s  w a s  m on i t ored  f or 
a t l ea s t  4  d a y s  b ef ore s t a rt i n g  t h e ex p eri m en t . 
 
C h e mic als: 
  
Ad en os i n e d i  p h os p h a t e ( AD P ) , L -g l u t a m i c  a c i d , L -M a l i c  a c i d , S u c c i n i c  a c i d , 
1- a n i l i n o-8-n a p t h a l en e s u l f on a t e ( ANS ) , L a c t a t e d eh y d rog en a s e 
( L D H ) ,M a l a t e d eh y d rog en a s e ( M D H ) ,Ni c ot i n a m i d e a d en i n e d i  n u c l eot i d e 
( red u c ed )  ( NAD H ) ,Ca rb on y l  c y a n i d e p -t ri f l ou ro m et h ox y  p h en y l  h y d ra z on e 
( CCCP ) , T h i ob a rb i t u ri c  a c i d  ( T B A) , 2 ,4 -d i n i t rop h en y l  h y d ra z i n e ( D NP H ) , 
5 ,5 /-d i t h i ob i s -( 2 n i t ro b en z oi c  a c i d )  [ D T NB ] , ep i n ep h ri n e, a n t i m y c i n , ep ox y  
a c t i v a t ed   s ep h a ros e  6 B , red u c ed  g l u t a t h i on e ( G S H ) , g l u t a t h i on e 
red u c t a s e, Ni c ot i n a m i d e a d en i n e d i  n u c l eot i d e p h os p h a t e ( NAD P H ) , o-
p h t h a l a l d eh y d e, N-et h y l  m a l ei m i d e, Xa n t h i n e, Xa n t h i n e ox i d a s e, 5 ,5 /-
D i m et h y l -1-p y rrol i n e-N-ox i d e ( D M P O)  w ere ob t a i n ed  f rom  S i g m a  c h em i c a l  
c om p a n y . G oa t  a n t i -ra b b i t  I g G  AL P  c on j u g a t e s ec on d a ry  a n t i b od y , B CI P -
NB T  s u b s t ra t e f or a l k a l i n e p h os p h a t a s e, p rot ei n  m ol ec u l a r w ei g h t  m a rk er 
w ere ob t a i n ed  f rom  B a n g a l ore g en ei . Al l  ot h er c h em i c a l s  w ere ob t a i n ed  
f rom  s t a n d a rd  c om m erc i a l  s ou rc es  i n  I n d i a  a n d  w ere of  a n a l y t i c a l  g ra d e. 
 
G lassw ar e  and  so lu t io ns: 
 
Al l  t h e g l a s s w a re u s ed  f or t h e ex p eri m en t s  w ere rou t i n el y  c l ea n ed  b y  
i m m ers i on  i n  a  h ot  c h rom i c  a c i d  b a t h . T h ey  w ere t h orou g h l y  w a s h ed  w i t h  
t a p  w a t er, ri n s ed  w i t h  s i n g l e a n d  t h en  w i t h  d ou b l e d i s t i l l ed  w a t er. U l t ra p u re 
w a t er w a s  u s ed  f or p u ri f i c a t i on  of  G S T  a n d  f or E S R  ex p eri m en t s . 
 
 
Preparation of Plant Extracts: 
 
P r e p ar at io n o f  aq u e o u s e x t r ac t  o f  Phyllanthus f r ate r nus: 
 
T h e w h ol e p l a n t  of  P .  f r ate r n us  w a s  c ol l ec t ed  f rom  t h e f i el d s  d u ri n g  w i n t er 
s ea s on , t h en  c l ea n ed  w i t h  d i s t i l l ed  w a t er a n d  a i r d ri ed . T h e a i r d ri ed  w h ol e 
p l a n t  i n c l u d i n g  root s  w a s  h om og en i z ed  a t  room  t em p era t u re i n  w a t er ( 5  
g m / 12 .5  m l )  u s i n g  m ot or a n d  p es t l e. T h e h om og en a t e w a s  t h en  f i l t ered  
t h rou g h  a  c h ees e c l ot h . T h e d ry  w ei g h t  of  t h e ex t ra c t  w a s  d et erm i n ed  b y  
g ra v i m et ri c  m et h od  b y  d ry i n g  t h e ex t ra c t  i n  a n  ov en . T h e w a t er ex t ra c t  
eq u i v a l en t  t o 10 0  m g / k g  d ry  w ei g h t  w a s  a d m i n i s t ered  d a i l y  t o ea c h  ra t .  
 
P r e p ar at io n o f  t h e  aq u e o u s e x t r ac t  o f  t h e  r o o t s o f  H e m i d e sm us 
i nd i c us: 
R oot s  of  H e mide s mus  in dic us  a re u s ed  f or t h e a q u eou s  ex t ra c t  p rep a ra t i on . 
T h e root s  w ere c u t  i n t o s m a l l  p i ec es  a n d  a q u eou s  ex t ra c t  p rep a red  b y  
b oi l i n g  3 0 g  of  c u t  root s  i n  3 0 0  m l  of  d ei on i s ed  w a t er. T h e ex t ra c t  w a s  t h en  
f i l t ered  u s i n g  c h ees e-c l ot h  or a  f i l t er p a p er. T h e d ry  w ei g h t  of  t h e ex t ra c t  
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w a s  d et erm i n ed  b y  g ra v i m et ri c  m et h od  b y  d ry i n g  t h e ex t ra c t  i n  a n  ov en . 
T h e a q u eou s  ex t ra c t  eq u i v a l en t  t o 10 0  m g / k g / d a y  w a s  a d m i n i s t ered  t o 
ra t s .  
 
T reatm ent S ch ed u le of R ats: 
 
E x p e r ime nt s u sing  Phyllanthus f r ate r nus:  
 
T h e a n i m a l s  w ere d i v i d ed  i n t o f ou r g rou p s  of  f ou r ra t s  i n  ea c h  g rou p . 
G rou p  A: Con t rol  ra t s  w h i c h  rec ei v ed  0 .5  m l  of  s a l i n e i n t ra p eri t on ea l l y . 
G rou p  B : R ec ei v ed  a l l y l  a l c oh ol  4 -5  m g  i n  0 .5  m l  of  s a l i n e ( 0 .7  m m ol  p er 
k g  b od y  w ei g h t )  i n t ra p eri t on ea l l y  a n d  s a c ri f i c ed  a f t er 4  h . 
G rou p  C: R ec ei v ed  ora l l y  a q u eou s  ex t ra c t  of  P . f r ate r n us  ( eq u i v a l en t  t o 10 0  
m g / k g )  f or a  p eri od  of  4  d a y s  a n d  t h en  0 .5  m l  of  s a l i n e w a s  g i v en  
i n t ra p eri t on ea l l y  a n d  s a c ri f i c ed  a f t er 4  h . 
G rou p  D : R ec ei v ed  ora l l y  a q u eou s  ex t ra c t  of  P . f r ate r n us  ( eq u i v a l en t  t o 10 0  
m g / k g )  f or 4  d a y s  a n d  t h en  a l l y l  a l c oh ol  4 -5  m g  i n  0 .5  m l  v ol u m e of  s a l i n e 
( 0 .7  m m ol  p er k g  b od y  w ei g h t )  w a s  g i v en  a n d  s a c ri f i c ed  a f t er 4  h . 
Al l  t h e ra t s  w ere f a s t ed  f or 17 h  b ef ore a n d  4 h  a f t er a l l y l  a l c oh ol  
a d m i n i s t ra t i on . 
 
E x p e r ime nt s u sing  H e m i d e sm us i nd i c us:  
T h e a n i m a l s  w ere d i v i d ed  i n t o f ou r g rou p s  of  f ou r ra t s  i n  ea c h  g rou p .        
G rou p  A: Con t rol  ra t s  w h i c h  rec ei v ed  0 .5  m l  of  s a l i n e i n t ra p eri t on ea l l y .     
G rou p  B : R ec ei v ed  a l l y l  a l c oh ol  4 -5  m g  i n  v ol u m e of  0 .5  m l  i n  s a l i n e ( 0 .7  
m m ol  p er k g  b od y  w ei g h t )  i n t ra p eri t on ea l l y  a n d  s a c ri f i c ed  a f t er 4  h .                  
G rou p  C: R ec ei v ed  ora l l y  a q u eou s  ex t ra c t  of  H e mide s mus  in dic us  
( eq u i v a l en t  t o 10 0  m g / k g )  f or a  p eri od  of  8 d a y s  a n d  t h en  0 .5  m l  of  s a l i n e 
w a s  g i v en  i n t ra p eri t on ea l l y  a n d  s a c ri f i c ed  a f t er 4  h r.   
G rou p  D : R ec ei v ed  ora l l y  a q u eou s  ex t ra c t  of  H e mide s mus  in dic us  
( eq u i v a l en t  t o 10 0  m g / k g )  f or 8 d a y s  a n d  t h en  a l l y l  a l c oh ol  4 -5  m g  i n  a  
v ol u m e of  0 .5  m l  i n  s a l i n e ( 0 .7  m m ol  p er k g  b od y  w ei g h t )  w a s  g i v en  a n d  
s a c ri f i c ed  a f t er 4  h .      

        Al l  t h e ra t s  w ere f a s t ed  f or 17 h  b ef ore a n d  4 h  a f t er a l l y l  a l c oh ol    
        a d m i n i s t ra t i on . 

 

        I so lat io n o f  mit o c h o nd r ia: 
M i t oc h on d ri a  w ere i s ol a t ed  f rom  l i v er a c c ord i n g  t o t h e m et h od  of  L a w ren c e 
a n d  D a v i es  ( 19 86 ) . T h e i s ol a t i on  m ed i u m  A c on s i s t s  of  7 0 m M  s u c ros e, 
2 2 0 m M  m a n n i t ol , 2 m M  H E P E S , 0 .2 m M  E t h y l en e d i a m i n e t et ra  a c et i c  a c i d  
( E D T A)  a n d  3 6 m g  b ov i n e s eru m  a l b u m i n  ( B S A)  p er 10 0 m l . T h e p H  w a s  
a d j u s t ed  t o 7 .4 . I s ol a t i on  m ed i u m  B  c on s i s t s  of  0 .2 5 M  s u c ros e. T h e 
ex p eri m en t a l  ra t s  w ere k i l l ed  b y  s t u n n i n g  a n d  l i v ers  w ere ex c i s ed  a n d  
t ra n s f erred  i m m ed i a t el y  t o i c e-c ol d  h om og en i z i n g  m ed i u m  A. Al l  t h e 
s u b s eq u en t  op era t i on s  w ere c a rri ed  a t  4 0C. L i v ers  w ere b l ot t ed  w i t h  f i l t er 
p a p er, w a s h ed  t w i c e w i t h  m ed i u m  A t o rem ov e t ra c es  of  b l ood . T h ey  w ere 
t h en  w ei g h ed  a n d  m i n c ed  f i n el y . A 10 %  ( W / V )  h om og en a t e w a s  p rep a red  
i n  m ed i u m  A u s i n g  a  P ot t er-E l v eh j em  h om og en i z er w i t h  a  t ef l on  p es t l e. 
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T h e p es t l e w a s  d ri v en  b y  a n  el ec t ri c  m ot or a t  3 5 0 0  rp m  a n d  a  m a x i m u m  of  
8 u p  a n d  d ow n  s t rok es  w ere g i v en  f or c om p l et e h om og en i z a t i on . T h e 10 %  
h om og en a t e w a s  c en t ri f u g ed  a t  7 0 0  x  g  f or 10 m i n . T h e p el l et  w a s  
d i s c a rd ed  a n d  t h e s u p ern a t a n t  w a s  c en t ri f u g ed  a t  7 0 0 0  x  g  f or 10 m i n . T h e 
s u p ern a t a n t  t h u s  ob t a i n ed  c on t a i n s  a  w h i t e f a t  l a y er w h i c h  w a s  rem ov ed  
w i t h  a  c ot t on  s w a b . T h e p el l et  c on t a i n i n g  m i t oc h on d ri a  w a s  s u s p en d ed  i n  
0 .2 5 M  s u c ros e a n d  c en t ri f u g ed  a t  7 0 0 0  x  g  f or 10 m i n . T h i s  s t ep  w a s  
rep ea t ed  t o w a s h  t h e m i t oc h on d ri a . T h e f i n a l  p el l et  w a s  s u s p en d ed  i n  
m ed i u m  B  a n d  a  p ort i on  w a s  u s ed  i m m ed i a t el y  f or p ol a rog ra p h i c  s t u d i es  
a n d  t h e ot h er p ort i on  w a s  s t ored  i n  -7 0 0C f or f u rt h er s t u d i es . T h e p rot ei n  
c on t en t  w a s  d et erm i n ed  b y  B i u ret  m et h od  u s i n g  B S A a s  a  s t a n d a rd  
( G orn a l l  et  a l ., 19 4 9 ) . 
 
M e asu r e me nt  o f  o x id at iv e  p h o sp h o r y lat io n:  
Ox i d a t i v e p h os p h ory l a t i on  w a s  m ea s u red  i n  H a n s a t ec h  ox y t h erm  
R es p i rom et er a c c ord i n g  t o t h e m et h od  of  E s t a b rook , 19 4 9 . R es p i ra t i on  
ra t es  w ere m ea s u red  a t  2 5 oC u s i n g  a  ox y g en  el ec t rod e d i s c  i n  a n  a i rt i g h t  
c h a m b er of  1 m l  v ol u m e. T h e rea c t i on  s y s t em  c on t a i n ed  5 0  m M  s u c ros e, 
5 0  m M  T ri s -H c l , 2 0  m M  p ot a s s i u m  p h os p h a t e, 2  m M  E D T A, 7  m M  
m a g n es i u m  c h l ori d e, p H  7 .4  a n d  1- 2  m g  of  f res h l y  i s ol a t ed  m i t oc h on d ri a l  
p rot ei n . Af t er t h e a d d i t i on  of  s u b s t ra t e ( 6 .2 5 m M  m a l a t e + 3 .12 5 m M  
g l u t a m a t e or 0 .0 2 M  s u c c i n a t e)  s t a t e-3  res p i ra t i on  w a s  i n i t i a t ed  b y  t h e 
a d d i t i on  of  2 0 0  n m ol  a n d  4 0 0  n m ol  of  AD P  f or s u c c i n a t e ox i d a s e a n d  NAD H  
ox i d a s e res p ec t i v el y . R es p i ra t ory  c on t rol  ra t i o ( R CR )  w a s  ob t a i n ed  f rom  t h e 
ra t i o of  AD P  s t i m u l a t ed  ( s t a t e-3 )  res p i ra t i on  t o AD P  ex h a u s t ed  ( s t a t e-4 )  
res p i ra t i on  a n d  AD P / O =  P / O ra t i o w h i c h  w a s  c a l c u l a t ed  a c c ord i n g  t o 
E s t a b rook , 19 4 9 .  
 
Assay  o f  lip id  p e r o x id e s b y  t h io b ar b it u r ic  ac id  r e ac t io n:- 
I n  l i v er h om og en a t e a n d  m i t oc h on d ri a  l i p i d  p erox i d e l ev el  w a s  c a rri ed  ou t  
b y  t h e m et h od  of  Oh k a w a  et  a l ., 19 7 9 . D i f f eren t i a l  c en t ri f u g a t i on  w a s  u s ed  
t o i s ol a t e m i t oc h on d ri a  f rom  10 %  l i v er h om og en a t e i n  1.15 %  K Cl . F i n a l  
p el l et  c on t a i n i n g  m i t oc h on d ri a  w ere w a s h ed  w i t h  1.15 %  K Cl  a n d  
s u s p en d ed  i n  t h e s a m e m ed i u m . R ea c t i on  s y s t em  c on t a i n ed  5  m g  of  
m i t oc h on d ri a l  p rot ei n , 0 .2  m l  of  8.1%  s od i u m  d od ec y l  s u l p h a t e ( S D S ) , 1.5  
m l  of  2 0 %  a c et i c  a c i d  ( p H -3 .5 )  a n d  1.5  m l  of  0 .6 7 %  ( w / v )  a q u eou s  
s ol u t i on  of  t h i ob a rb i t u ri c  a c i d . T h e t ot a l  v ol u m e w a s  m a d e u p t o 4  m l  w i t h  
w a t er a n d  t h e t u b es  w ere h ea t ed  i n  a  w a t er b a t h  a t  9 5 0C f or 6 0  m i n . Af t er 
c ool i n g , 1.0  m l  of  w a t er a n d  5  m l  of  n -b u t a n ol  w ere a d d ed  a n d  t h e t u b es  
w ere v ort ex ed  a n d  t h en  c en t ri f u g ed  a t  2 0 0 0  X g  f or 10  m i n  a t  room  
t em p era t u re. T h e a b s orb a n c e of  t h e org a n i c  l a y er w a s  m ea s u red  a t  5 3 5  
n m . A b l a n k  w a s  a l s o ru n  s i m u l t a n eou s l y  a n d  t et ra  m et h ox y  p rop a n e w a s  
u s ed  a s  a n  ex t ern a l  s t a n d a rd .  T h e ex t en t  of  l i p i d  p erox i d a t i on  w a s  
ex p res s ed  a s  n m ol  of  m a l on d i a l d eh y d e ( M D A)  f orm ed  p er 10 0  m g  p rot ei n . 
 
M e asu r e me nt  o f  p r o t e in c ar b o ny ls:- 
T h e c on c en t ra t i on  of  p rot ei n  c a rb on y l s  i n  m i t oc h on d ri a  w a s  d et erm i n ed  
u s i n g  2 ,4 -d i n i t rop h en y l h y d ra z i n e ( D NP H )  ( R ez n i c k  a n d  P a c k er, 19 9 4 ;  
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B a i l ey  et  a l ., 2 0 0 1) . T o a n  a l i q u ot  of  m i t oc h on d ri a  c on t a i n i n g  2 -4 m g  
p rot ei n , 4  m l  of  10 m M  D NP H  i n  2 N H Cl  w a s  a d d ed  a n d  i n c u b a t ed  a t  room  
t em p era t u re s h a k i n g  i n t erm i t t en t l y  f or 1 h . S a m p l e b l a n k  w a s  a l s o ru n  
s i m u l t a n eou s l y . Af t er i n c u b a t i on  t h e m i x t u re w a s  p rec i p i t a t ed  w i t h  10 %  
T CA a n d  c en t ri f u g ed . T h e p rec i p i t a t e w a s  w a s h ed  t h ri c e w i t h  4  m l  of  
et h a n ol  : et h y l  a c et a t e ( 1:1) .  T h e f i n a l  p rot ei n  p rec i p i t a t e w a s  d i s s ol v ed  i n  
6  M  g u a n i d i n e h y d roc h l ori d e a n d  t h e a b s orp t i on  a t  3 7 0  n m  ( D NP H -t rea t ed  
s a m p l e m i n u s  s a m p l e b l a n k )  w a s  m ea s u red . Ca rb on y l  c on t en t  w a s  
c a l c u l a t ed  u s i n g  t h e m ol a r ex t i n c t i on  c oef f i c i en t  v a l u e a s  2 2 ,0 0 0  a n d  
ex p res s ed  a s  n m ol  c a rb on y l s  p er m g  p rot ei n . 
  
D e t e r minat io n o f  t o t al su lp h y d r y l g r o u p s:- 
T ot a l  s u l p h y d ry l  g rou p s  i n  m i t oc h on d ri a  w ere d et erm i n ed  b y  t h e m et h od  of  
S ed l a k  a n d  L i n d s a y , 19 6 8. M i t oc h on d ri a l  s u s p en s i on  c on t a i n i n g  1 m g  
p rot ei n  w a s  m i x ed  w i t h  1.5  m l  of  0 .2  M  t ri s  b u f f er ( p H -8.2 )  a n d  0 .1 m l  of  
0 .0 1 M  5 ,5 /-d i t h i ob i s -( 2 -n i t rob en z oi c  a c i d )  [ D T NB ] . T h e f i n a l  v ol u m e w a s  
a d j u s t ed  t o 10  m l  w i t h  7 .9  m l  of  a b s ol u t e m et h a n ol  a n d  c ol or d ev el op ed  f or 
15  m i n  a n d  c en t ri f u g ed  a t  3 0 0 0  x  g  a t  room  t em p era t u re f or 15  m i n . A 
rea g en t  b l a n k  ( w i t h ou t  s a m p l e)  a n d  s a m p l e b l a n k  ( w i t h ou t  rea g en t )  w ere 
a l s o ru n  s i m u l t a n eou s l y . T h e a b s orb a n c e of  t h e s u p ern a t a n t  w a s  m ea s u red  
a t  4 12  n m  a n d  t ot a l  s u l p h y d ry l  g rou p s  w ere ex p res s ed  a s  n m ol s  p er m g  
p rot ei n  u s i n g  D T NB  m ol a r ex t i n c t i on  c oef f i c i en t  a s  13 10 0 . 
     
G e ne r at io n o f  su p e r o x id e  r ad ic als:- 
G en era t i on  of  s u p erox i d e ra d i c a l s  w a s  m ea s u red  s p ec t rop h ot om et ri c a l l y  
a c c ord i n g  t o t h e m et h od  of  D i on i s i  et  a l ., 19 7 5 . T h e rea c t i on  m i x t u re 
c on t a i n ed  0 .2 5  M  s u c ros e, 5 0  m M  H E P E S  p H  8.4 , 1 m M  ep i n ep h ri n e, 3  m M  
s u c c i n a t e a n d  0 .5  m M  E D T A a n d  0 .1-0 .2  m g  p rot ei n  of  m i t oc h on d ri a l  
f ra g m en t s . 2 .5  µ g  a n t i m y c i n  p er m l  w a s  u s ed  t o i n i t i a t e t h e ra d i c a l  
f orm a t i on . G en era t i on  of  s u p erox i d e ra d i c a l s  w a s  q u a n t i f i ed  
s p ec t rop h ot om et ri c a l l y  a t  4 80  n m  a n d  w a s  ex p res s ed  a s  n m ol es  of  
a d ren oc h rom e f orm ed  p er m i n  p er m g  p rot ei n  u s i n g  m ol a r ex t i n c t i on  
c oef f i c i en t  of  a d ren oc h rom e a s  4 0 2 0 . 
 
Assay  o f  c at alase : 
Ca t a l a s e a c t i v i t y  w a s  d et erm i n ed  b y  t h e m et h od  of  Aeb i  ( 19 84 ) . T h e a s s a y  
m i x t u re c on t a i n ed  15 0 µ l  of  3 0 m M  H 2O2 a n d  85 0 µ l  of  en z y m e s ou rc e. T h e 
d ec rea s e i n  a b s orb a n c e w a s  m ea s u red  i m m ed i a t el y  a t  2 4 0 n m  a n d  a c t i v i t y  
w a s  ex p res s ed  a s  n m ol s  of  H 2O2 c on s u m ed  p er m i n  p er m g  p rot ei n . 
 
Assay  o f  G lu t at h io ne  p e r o x id ase : 
G l u t a t h i on e p erox i d a s e w a s  a s s a y ed  b y  t h e m et h od  of  F l oh e a n d  G u n z l er 
( 19 84 ) . T h e a c t i v i t y  of  en z y m e w a s  m ea s u red  i n d i rec t l y  b y  d et erm i n i n g  t h e 
ox i d a t i on  of  NAD P H , a t  3 4 0 n m . R ea c t i on  m i x t u re c on t a i n s  5 0 m M  p ot a s s i u m  
p h os p h a t e ( p H  7 .0 ) , 0 .5 m M  E D T A, 1m M  red u c ed  g l u t a t h i on e ( G S H ) , 0 .2 4 U  
g l u t a t h i on e red u c t a s e a n d  0 .1m g  of  h om og en a t e, i n c u b a t ed  f or 10 m i n  a t  
3 7 0C.T h e rea c t i on  w a s  i n i t i a t ed  b y  t h e a d d i t i on  of  0 .15 m M  NAD P H . Af t er 
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3 m i n  0 .15 m M  h y d rog en  p erox i d e w a s  a d d ed  a n d  d ec rea s e i n  a b s orb a n c e 
w a s  m ea s u red . R es u l t s  w ere ex p res s ed  a s  n m ol s  of  NAD P H  ox i d i z ed  p er 
m i n  p er m g  p rot ei n . 
 
Assay  o f  G lu t at h io ne  r e d u c t ase : 
T h e g l u t a t h i on e red u c t a s e a c t i v i t y  w a s  a s s a y ed  b y  f ol l ow i n g  t h e ox i d a t i on  
of  NAD P H  a t  3 4 0 n m  a c c ord i n g  t o t h e m et h od  of  An d ers on  ( 19 85 ) . R ea c t i on  
m i x t u re c on t a i n s  10 0 m M  p ot a s s i u m  p h os p h a t e ( p H  7 ) , 1m M  E D T A, 0 .5 m M  
NAD P H  a n d  m i t oc h on d ri a l  p rot ei n  0 .0 5 -0 .1m g . T h e rea c t i on  w a s  i n i t i a t ed  
b y  t h e a d d i t i on  of  5 m M  ox i d i z ed  g l u t a t h i on e ( G S S G ) . R es u l t s  w ere 
ex p res s ed  a s  n m ol s  of  NAD P H  ox i d i z ed  p er m i n  p er m g  p rot ei n . 
 
Assay  o f  S u p e r o x id e  d ismu t ase : 
S u p erox i d e d i s m u t a s e a c t i v i t y  w a s  d et erm i n ed  b y  t h e i n h i b i t i on  of  
ox i d a t i on  of  ep i n ep h ri n e t o a d ren oc h rom e w h i c h  w a s  m on i t ored  a t  4 80 n m  
u s i n g  x a n t h i n e-x a n t h i n e ox i d a s e s y s t em  b y  t h e m et h od  of  D i on i s i  et  a l ., 
19 7 5 . R ea c t i on  m i x t u res  c on t a i n ed  0 .0 1M  s od i u m  c a rb on a t e b u f f er, 1m M  
x a n t h i n e a n d  0 .0 11 µ M  x a n t h i n e ox i d a s e, 0 .1-0 .5 m g  p rot ei n  of  s a m p l e 
( m i t oc h on d ri a l  f ra g m en t s  or s on i c a t ed  m i t oc h on d ri a  or c y t os ol ) . T h e 
rea c t i on  w a s  i n i t i a t ed  b y  t h e a d d i t i on  of  1m M  ep i n ep h ri n e a n d  a b s orb a n c e 
w a s  m ea s u red  a t  4 80 n m . R es u l t s  w ere ex p res s ed  a s  u n i t s  p er m g  p rot ei n . 
On e u n i t  i s  d ef i n ed  a s  a m ou n t  of  en z y m e w h i c h  i n h i b i t s  ox i d a t i on  of  
ep i n ep h ri n e b y  5 0 % . 
 
D e t e r minat io n o f  O x id iz e d  and  R e d u c e d  g lu t at h io ne : 
 
M ea s u red  a s  p er t h e m et h od  of  H i s s i n  a n d  H i l f   ( 19 7 6 )  2 5 0 m g  of  l i v er w a s  
h om og en i z ed  i n  3 .7 5 m l  of  t h e p h os p h a t e–E D T A b u f f er ( p H -8.0 ) , 1m l  of  
2 5 %  H 3 P O 4   a n d  c en t ri f u g ed   a t  4 0C a t  10 0 ,0 0 0 g   f or 3 0 m i n   a n d  t h e 
s u p ern a t a n t  ob t a i n ed  w a s  u s ed  f or t h e a s s a y  of  red u c ed  ( G S H )  a n d  
ox i d i z ed  g l u t a t h i on e ( G S S G ) . 
 
R e d u c e d  G lu t at h io ne  ( G S H )  assay : T o 0 .5 m l  of  t h e s u p ern a t a n t , 4 .5 m l  
of  p h os p h a t e–E D T A b u f f er, p H  8.0  w a s  a d d ed . T h e f i n a l  a s s a y  m i x t u re 
c on t a i n ed  10 0 µ l  of  t h e d i l u t ed  t i s s u e s u p ern a t a n t , 1.8m l  of  p h os p h a t e-
E D T A b u f f er ( p H -8.0 )  a n d  10 0 µ l  of  o-p h t h a l a l d eh y d e ( OP T )  s ol u t i on . Af t er 
15  m i n  i n c u b a t i on  f l u ores c en c e a t  4 2 0 n m  w a s  d et erm i n ed  w i t h  t h e 
a c t i v a t i on  a t  3 5 0 n m . 
 
O x id ise d  G lu t at h io ne  ( G S S G )  assay : A 0 .5 m l  of  s u p ern a t a n t  w a s  
i n c u b a t ed  a t  room  t em p era t u re w i t h  2 0 0 µ l  of  0 .0 4 M  N-et h y l  m a l ei m i d e f or 
3 0 m i n  .T o t h i s  4 .3 m l  of  0 .1N Na OH  w a s  a d d ed . T o 10 0 µ l  of  t h i s  m i x t u re 
1.8m l  0 .1N Na OH , 10 0 µ l  of  OP T  w a s  a d d ed  a n d  f l u ores c en c e w a s  
d et erm i n ed  a t  4 2 0 n m  w i t h  a c t i v a t i on  a t  3 5 0 n m . 
R es u l t s  w ere ex p res s ed  a s  µ m ol es  p er g m  t i s s u e. 
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Assay  o f  Amino t r ansf e r ase s: 
 
Al a n i n e a m i n ot ra n s f era s e a n d  a s p a rt a t e a m i n ot ra n s f era s e w ere a s s a y ed  i n  
t h e s eru m  a n d  l i v er s a m p l es  of  c on t rol  a n d  ex p eri m en t a l  a n i m a l s . 
F ol l ow i n g  d ec a p i t a t i on , b l ood  w a s  c ol l ec t ed  a n d  c en t ri f u g ed  a t  3 0 0 0  rp m  
f or 10 m i n  a t  room  t em p era t u re a n d  t h e s u p ern a t a n t  t a k en  a s  s eru m . A 
10 %  l i v er h om og en a t e w a s  p rep a red  i n  i c e-c ol d  0 .3 2 M  s u c ros e u s i n g  a  
m ot or d ri v en  P ot t er-E l v eh j em  h om og en i z er w i t h  a  t ef l on  p es t l e. As s a y  of  
t h es e en z y m es  w a s  p erf orm ed  i n  a  S h i m a d z u -16 0 A s p ec t rop h ot om et er. 
T i m e p eri od s  a n d  en z y m e c on c en t ra t i on s  w ere a d j u s t ed  i n  s u c h  a  w a y  t h a t  
a  l i n ea r c u rv e w a s  ob t a i n ed  f or a t l ea s t  3 -5 m i n . 
 
Asp ar t at e  amino t r ansf e r ase  ( AAT  E . C . 2 . 6 . 1. 15 ) : 
 
T h e m et h od  of  B erg m ey er a n d  B ern t  ( 19 7 4 )  w a s  a d op t ed  f or t h e a s s a y . 
T h e ox a l oa c et a t e f orm ed  i n  t h e rea c t i on  w a s  c on v ert ed  t o m a l a t e b y  
m a l a t e d eh y d rog en a s e ( M D H )  a n d  t h e NAD H  c on s u m ed  i n  t h e c ou rs e of  
t h e rea c t i on , w h i c h  w i l l  b e p rop ort i on a l  t o AAT  a c t i v i t y , w a s  m ea s u red . 
                              
                                              L i v er/ s eru m  AAT  
 
    L -a s p a rt a t e + α-k et og l u t a ra t e-------------� g l u t a m a t e + ox a l oa c et a t e 
    
T h e ox a l oa c et a t e f orm ed  i n  t h e rea c t i on  w a s  c on v ert ed  t o m a l a t e u s i n g  
m a l a t e d eh y d rog en a s e ( M D H )  a n d  t h e NAD H  c on s u m ed  i n  t h e c ou rs e of  
t h e rea c t i on , w h i c h  w i l l  b e p rop ort i on a l  t o AAT  a c t i v i t y , w a s  m ea s u red . 
  
                                     Com m erc i a l  M D H  
  
Ox a l oa c et a t e + NAD H  �----------------------� m a l a t e + NAD + 
  
As s a y  m i x t u re: 16 0  µ  m ol es  p ot a s s i u m  p h os p h a t e, 2 0  µ  m ol es  a s p a rt i c  
a c i d  ( p H  7 .4 ) , 18 µ  m ol es  α-k et og l u t a ra t e ( p H  7 .4 ) , 0 .4  µ  m ol es  NAD H , 1%  
T ri t on  X-10 0 , 5 µ l  of  M D H  ( 0 .5  m g  p rot ei n / m l )  a n d  2 5 µ l  s eru m  or 4 0  µ g  of  
l i v er h om og en a t e i n  a  t ot a l  v ol u m e of  1.0 m l . 
T h e rea c t i on  w a s  p re i n c u b a t ed  f or 10 m i n  i n  t h e a b s en c e of  α-
k et og l u t a ra t e a n d  t h e rea c t i on  w a s  i n i t i a t ed  b y  t h e a d d i t i on  of  α-
k et og l u t a ra t e a n d  t h e d ec rea s e i n  a b s orb a n c y  d u e t o NAD H  ox i d a t i on  w a s  
f ol l ow ed  a t  3 4 0 n m  f or 10 m i n . E n z y m e a c t i v i t y  w a s  c a l c u l a t ed  u s i n g  a  m M  
ex t i n c t i on  c oef f i c i en t  of  6 .2 2  f or NAD H  a n d  i s  ex p res s ed  a s  µ  m ol es  NAD H  
ox i d i z ed  p er m g  p rot ei n  p er h r. 
 
 
Alanine  amino t r ansf e r ase  ( AlAT  E . C . 1. 1. 1. 4 2 ) :  
   
A s i m i l a r m et h od  w a s  a d op t ed  f or t h e a s s a y  of  Al AT  ( B erg m ey er a n d  B ern t , 
19 7 4 ) . 
  
                                      L i v er\s eru m  Al AT  
Al a n i n e + α-k et og l u t a ra t e------------------� p y ru v a t e + g l u t a m a t e 
 
T h e p y ru v a t e s o f orm ed , w a s  c on v ert ed  t o l a c t a t e i n  t h e p res en c e of  NAD H  
a n d  l a c t a t e d eh y d rog en a s e ( L D H ) . 



 23 

  
                             Com m erc i a l  L D H  
P y ru v a t e + NAD H  �-------------------� l a c t a t e + NAD + 
 
As s a y  m i x t u re: 16 0  µ  m ol es  p ot a s s i u m  p h os p h a t e, 4 0  µ  m ol es  a l a n i n e ( p H  
7 .4 ) , 18 µ  m ol es  α-k et og l u t a ra t e ( p H  7 .4 ) , 0 .4 2  µ  m ol es  NAD H , 1%  T ri t on  
X-10 0 , 5 µ l  of  M D H  ( 0 .5  m g  p rot ei n / m l )  a n d  2 5 µ l  s eru m  or 4 0  µ g  of  l i v er 
h om og en a t e i n  a  t ot a l  v ol u m e of  1.0 m l . Ch a n g e i n  a b s orb a n c y  d u e t o 
NAD H  ox i d a t i on  w a s  m ea s u red  a t  3 4 0 n m  f or 10 m i n . Ac t i v i t y  w a s  c a l c u l a t ed  
a n d  ex p res s ed  a s  µ  m ol es  NAD H  ox i d i z ed  p er m g  p rot ei n  p er h r. 
 
 
P r e p ar at io n o f  su b mit o c h o nd r ial p ar t ic le s: 
 
S u b m i t oc h on d ri a l  p a rt i c l es  w ere ob t a i n ed  f rom  f res h l y  p rep a red  l i v er 
m i t oc h on d ri a  a c c ord i n g  t o t h e p roc ed u re of  H a c k en b roc k  a n d  H a m m om  
( 19 7 5 ) . M i t oc h on d ri a  s u s p en d ed  i n  0 .2 5 M  s u c ros e ( 5 0 m g  p rot ei n / m l )  w ere 
m i x ed  w i t h  d i g i t on i n  ( 0 .12  m g  / m g  p rot ei n )  a n d  s t i rred  a t  4 0C f or 15 m i n . 
T h e s u s p en s i on  w a s  c en t ri f u g ed  a t  12 ,0 0 0  x  g  f or 15 m i n  a n d  t h e p el l et  w a s  
w a s h ed  w i t h  1m l  of  0 .2 5 M  s u c ros e. T h e m i t op l a s t s  t h u s  ob t a i n ed  w ere 
s u s p en d ed  i n  i c e-c ol d  d ou b l e d i s t i l l ed  w a t er ( 5 0 m g  p rot ei n  i n  2 5 m l ) .  T h e 
s u s p en s i on  w a s  c en t ri f u g ed  a t  10 ,0 0 0  x  g  f or 10 m i n  a n d  t h e p el l et  w a s  
s u s p en d ed  i n  a  s m a l l  v ol u m e ( 5 -7 m l )  of  i c e-c ol d  w a t er a n d  s on i c a t ed  w i t h  
M S E  u l t ra s on i c a t or u s i n g  a  m i c rop rob e. T h ree p u l s es  ea c h  of  3 0  s ec on d s  
d u ra t i on  w ere g i v en  a n d  t h en  c en t ri f u g ed  a t  12 ,0 0 0  x  g  f or 10 m i n . F rom  
t h e s u p ern a t a n t  f ra c t i on  S M P  w ere s ed i m en t ed  b y  c en t ri f u g a t i on  a t  
10 5 ,0 0 0  x  g  f or on e h ou r i n  a  u l t ra c en t ri f u g e. T h e p el l et  c on t a i n i n g  S M P  
w a s  s u s p en d ed  i n  0 .2 5 M  s u c ros e a n d  u s ed  i m m ed i a t el y  or s t ored  i n  l i q u i d  
n i t rog en  d ep en d i n g  u p on  t h e p a ra m et er t h a t  i s  t o b e a s s a y ed .  
 
M e asu r e me nt  o f  me mb r ane  p o t e nt ial ( ∆ Ψ )  in su b mit o c h o nd r ial 
p ar t ic le s: 
 
T h e m em b ra n e p ot en t i a l  ( ∆ Ψ )  w a s  d et erm i n ed  b y  t h e d i s t ri b u t i on  of  t h e 
f l u ores c en t  p rob e, 1-a n i l i n o-8-n a p t h a l en e s u l f on a t e ( ANS )  a c ros s  t h e 
s u b m i t oc h on d ri a l  m em b ra n e ( Az z i , 19 7 1) . A f l u ores c en c e i n c rea s e w a s  
ob s erv ed  w h en  a  s u b s t ra t e w a s  s u p p l i ed  t o t h e m em b ra n es  of  t h e 
s u b m i t oc h on d ri a l  p a rt i c l es . 
        S u b m i ot oc h on d ri a l  p a rt i c l es  ( S M P )  p rep a red  b y  s on i c  d i s ru p t i on  of  ra t  
l i v er m i t oc h on d ri a  w ere u s ed  f or t h i s  s t u d y . T h e rea c t i on  s y s t em  c on t a i n ed  
s u b m i t oc h on d ri a l  p a rt i c l es  ( 3 80  µ g  p rot ei n )  p rei n c u b a t ed  f or 5  m i n  i n  a  
b u f f ered  m ed i u m  ( c on t a i n i n g  2 5 0 m M  s u c ros e, 10 m M  T ri s -H Cl , 5 m M  M g Cl 2, 
p H  7 .5 )  a n d  10 µ M  ANS  i n  a  t ot a l  v ol u m e of  1.0  m l . T h e i n t en s i t y  of  
f l u ores c en c e w a s  m ea s u red  i n  a  f l u ores c en c e s p ec t rop h ot om et er. T h e 
ex c i t a t i on  a n d  em i s s i on  w a v e l en g t h s  u s ed  w ere 3 5 0 n m  a n d  4 80 n m  
res p ec t i v el y . 1m M  s u c c i n a t e w a s  a d d ed  t o t h e rea c t i on  s y s t em  t o en erg i s e 
t h e m em b ra n e a n d  t h e f l u ores c en c e c h a n g e w a s  rec ord ed . T h e a d d i t i on  of  
s u c c i n a t e i n d u c ed  a n  i n c rea s e i n  ANS  f l u ores c en c e. Af t er t h e f l u ores c en c e 
c h a n g e rea c h ed  t o a  s t ea d y  s t a t e, CCCP  ( a  p ot en t  u n c ou p l er)  w a s  a d d ed  
( 0 .3 µ M )  t o b ri n g  t h e m em b ra n e t o d een erg i s ed  s t a t e. 
          T h e d i f f eren c e i n  t h e ANS  f l u ores c en c e of  t h e en erg i z ed  a n d  d e-
en erg i s ed  s t a t e w a s  u s ed  f or t h e es t i m a t i on  of  m em b ra n e p ot en t i a l  ( ∆ Ψ ) . 
T h e i n t ern a l  v ol u m e of  t h e s u b m i t oc h on d ri a l  p a rt i c l es  u s ed  f or t h e 
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c a l c u l a t i on  w a s  2  µ l  p er m g  p rot ei n  ( f rom  ea rl i er s t u d i es ) . M em b ra n e 
p ot en t i a l  w a s  c a l c u l a t ed  u s i n g  Nern s t  eq u a t i on  a s  f ol l ow s : 
At  room  t em p era t u re 
  
              ∆ Ψ   =  -5 9 l og  [ C1 / C2 +  ( C1-C2 )  V /  C2 v ]  
               C1  =  c on c en t ra t i on  of  ANS  i n s i d e S M P  
               C2  =  c on c en t ra t i on  of  ANS  ou t s i d e S M P     

                     V   =  ex t erm a l  v ol u m e ou t s i d e S M P   
                     v   =  i n t ern a l  v ol u m e of  s u b m i t oc h on d ri a l  p a rt i c l es  
 

 
H ist o p at h o lo g y  o f  liv e r  t issu e : 
 
T issu e  p r o c e ssing  and  e mb e d d ing : 
 
L i v er t i s s u e w a s  rem ov ed , f i x ed  i n  10 %  f orm a l d eh y d e a n d  s t ored  a t  -7 0 0C 
f or f u rt h er u s e. 
 
P r o c e d u r e : 
 

♦ Ab ou t  0 .2 5  g m s  of  t h e t i s s u e i s  t a k en  a n d  i m m ers ed  i n t o t u b e                        
      c on t a i n i n g  10 %  f orm a l d eh y d e ( 1h ou r) . 

♦ T ra n s f er t o 7 0 %  a l c oh ol  a n d  k eep  f or 1 h r ( rep ea t  t h ri c e)  
  T ra n s f er t o 9 0 %  a l c oh ol  a n d  k eep  f or 1h r ( rep ea t  t w i c e)  

♦ T ra n s f er t o 10 0 %  a l c oh ol  a n d    k eep  f or 1 h r ( rep ea t  t w i c e)  
♦ T ra n s f er t o x y l en e a n d  k eep  f or 3 0 -4 5  m i n  ( rep ea t  t w i c e)  
♦ P a ra p l a s t  w a s  m el t ed  i n  t h e i n c u b a t or a t  6 0 0C a n d  t i s s u e w a s  k ep t      

      i m m ers ed . ( 3  c h a n g es  ea c h  2  h ou rs )  
♦ F i n a l  em b ed d i n g  

 
 
      D if f e r e nt ial S t aining  T e c h niq u e : 
 
    H ae mat o x y lin E o sin S t aining : 
 

♦ Xy l en e                ( 3  c h a n g es , 5  m i n  ea c h )  
♦ 10 0 %  a l c oh ol       ( 2  c h a n g es , 5  m i n  ea c h )  
♦ 9 0 %  a l c oh ol         ( 2  c h a n g es , 3  m i n  ea c h )  
♦ 7 0 %  a l c oh ol         ( 3 m i n )  
♦ 5 0 %  a l c oh ol         ( 3 m i n )  
♦ W a t er                 ( 5 m i n )  
♦ H a em a t ox y l i n       ( 6 -8 m i n )  
♦ R i n s ed  w i t h  w a t er;  k ep t  u n d er ru n n i n g  t a p  w a t er f or 10  m i n  
♦ E os i n                   ( 3 -5  m i n )  
♦ 7 0 %  a l c oh ol         ( 2 m i n )  
♦ 9 0 %  a l c oh ol         ( t w o c h a n g es , 2  m i n  ea c h )  
♦ 10 0 %  a l c oh ol       ( 5  m i n )  
♦ Xy l en e                ( 5  m i n  ea c h  t h ree c h a n g es )  
♦ D P X M ou n t i n g  
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D e t e c t io n o f  f r e e  r ad ic als b y  e le c t r o n sp in r e so nanc e  sp e c t r o sc o p y        
( E S R )  u sing  sp in t r ap  5 ,  5 /-D ime t h y l-1-p y r r o line -N-o x id e  ( D M P O ) : 
 
P r e p ar at io n o f  mit o p last s: 
 
M i t op l a s t s  w ere p rep a red  f rom  i s ol a t ed  m i t oc h on d ri a  b y  d i g i t on i n  
t rea t m en t  a s  d es c ri b ed  p rev i ou s l y  ( P ed ers en  et  a l ., 19 7 8) . L i v er f rom  ra t s  
w a s  ex c i s ed , w a s h ed  w i t h  0 .2 5 M  s u c ros e a n d  h om og en i z ed  i n  i s ol a t i on  
b u f f er c on s i s t i n g  of  2 10 m M  m a n n i t ol , 7 0 m M  s u c ros e, 2 m M  H E P E S  a n d  
0 .0 5 %  B S A. T h e h om og en a t e w a s  c en t ri f u g ed  a t  80 0  x  g  f or 10 m i n , t h e 
p el l et  rem ov ed , a n d  t h e c en t ri f u g a t i on  p roc es s  rep ea t ed . T h e res u l t i n g  
s u p ern a t a n t  w a s  c en t ri f u g ed  a t  80 0 0  x  g  f or 10  m i n , w a s h ed  w i t h  i s ol a t i on  
b u f f er a n d  t h e c en t ri f u g a t i on  rep ea t ed . M i t oc h on d ri a  ( 4 0 m g / m l )  w ere 
m i x ed  w i t h  a n  eq u a l  v ol u m e of  i s ol a t i on  b u f f er c on t a i n i n g  0 .2 %  d i g i t on i n  
a n d  s t i rred  f or 15 m i n  a t  4 0C. T h e s a m p l e w a s  d i l u t ed  6 -f ol d  w i t h  b u f f er a n d  
c en t ri f u g ed  a t  10 0 0 0  x  g  f or 10 m i n . T h e p el l et  w a s  w a s h ed  on c e w i t h  
i s ol a t i on  b u f f er a n d  c en t ri f u g ed  a t  10 0 0 0  x  g  f or 10 m i n . T h e f i n a l  p el l et  
w a s  s u s p en d ed  i n  b u f f er ( 2 3 0 m M  m a n n i t ol , 7 0 m M  s u c ros e, 2 0 m M  T ri s -H Cl , 
p H  a d j u s t ed  t o 7 .4  w i t h  M op s )  a n d  u s ed  f or E S R  s t u d i es . 
 
E S R : 
 
F or E S R  a n a l y s i s  ( H a n  et  a l , 2 0 0 1) , m i t op l a s t s  ( 1 m g )  w ere p l a c ed  i n  2 0 0 µ l  
of   b u f f er  [ 2 3 0 m M  m a n n i t ol , 7 0 m M  s u c ros e, 2 0 m M  T ri s -H Cl , p H  a d j u s t ed  
t o 7 .4  w i t h  3 -( N-M orp h ol i n o)  p rop a n e s u l p h on i c  a c i d  ( M op s ) ]  i n  t h e 
a b s en c e or p res en c e of  res p i ra t ory  s u b s t ra t es  or i n h i b i t ors . 5 ,5 /-D i m et h y l -
1-p y rrol i n e-N-ox i d e ( D M P O)  ( 16 0 m M )  w a s  a d d ed  a n d  t h e E S R  s p ec t ra  
w ere rec ord ed  on  a  J E S -F A 2 0 0  E S R  s p ec t rom et er. I n s t ru m en t  s et t i n g s  
w ere a s  f ol l ow s : m i c row a v e p ow er, 2 0 m W ;  m i c row a v e f req u en c y , 9 .4 2  
G H z ;  t i m e c on s t a n t , 0 .0 3 s ec ;  s c a n  t i m e, 4 m i n ;  s c a n  w i d t h , 10 0 G . 
 
 
Alc o h o l d e h y d r o g e nase : 

 
     Al c oh ol  d eh y d rog en a s e ( AD H )  a c t i v i t y  w a s  d et erm i n ed  i n  l i v er c y t os ol  on  

s p ec t rop h ot om et er b y  m ea s u rem en t  of  t h e ra t e of  NAD H  f orm a t i on  a t  
3 4 0 n m , u s i n g  et h a n ol  a s  s u b s t ra t e a c c ord i n g  t o t h e p roc ed u re of  Aa s m oe 
a n d  Aa rb a k k e ( 19 9 9 ) . AD H  a c t i v i t y  w a s  a s s a y ed  i n  1 m l  c u v et t e c on t a i n i n g  
0 .1M  g l y c i n e-Na OH  b u f f er p H  10 .4 , 1.3 m M  NAD  a n d  0 .6 m g  of  c y t os ol i c  
p rot ei n . T h e rea c t i on  w a s  s t a rt ed  b y  t h e a d d i t i on  of  2 0 m M  et h a n ol  a s  
en z y m e s u b s t ra t e a n d  c h a n g e i n  a b s orb a n c e w a s  rec ord ed . S p ec i f i c  a c t i v i t y  
w a s  ex p res s ed  a s  t h e ra t e of  NAD H  f orm a t i on  p er m i n  p er m g  p rot ei n .  
  
G lu t at h io ne  t r ansf e r ase  ( G S T )  p u r if ic at io n – G S H  ag ar o se  af f init y     
 c o lu mn:- 
 
P r e p ar at io n o f  af f init y  mat r ix : 
 
Af f i n i t y  m a t ri x  w a s  p rep a red  a c c ord i n g  t o S i m m on s  a n d  V a n d er j a g t  
( 19 7 7 ) . B ri ef l y ,  6 g m   of   ep ox y   a c t i v a t ed   s ep h a ros e  6  B   w a s   w a s h ed   
w i t h   5 0 0 m l   of   d ou b l e  d i s t i l l ed   w a t er  f ol l ow ed    b y   4 0  m l   of   4 4 m M   
p h os p h a t e  b u f f er  p H  7 .0 . T h e  s l u rry   w a s   t ra n s f erred   t o  a   s i d e-a rm ed   
c on i c a l   f l a s k   a n d   t h e  v ol u m e  w a s   a d j u s t ed   t o 2 0 m l   w i t h   t h e  s a m e  
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b u f f er  a n d   n i t rog en   g a s   w a s   p a s s ed   t h rou g h   f or  5 m i n .  T o  t h i s   4 m l   
of  red u c ed   g l u t a t h i on e  ( 4 m g   of   G S H   i n   4 m l   of   d i s t i l l ed   w a t er,  p H  
a d j u s t ed   t o  7 .0   w i t h   K OH )   w a s   a d d ed   a n d   c ou p l i n g   w a s   d on e  f or  
2 4 h r  a t   3 7 0C  w i t h   c on s t a n t   s t i rri n g  .  T h e  g el   w a s   w a s h ed   w i t h   
10 0 m l   of   d i s t i l l ed   w a t er  f ol l ow ed  b y  10 0 m l  of  0 .5 M  K Cl  i n  0 .1M  s od i u m  
a c et a t e,  p H   4 .0   a n d   0 .5 M   K Cl   i n   0 .1M   s od i u m  b ora t e b u f f er, p H  8.0 . 
F i n a l l y  t h e g el  w a s  t ra n s f erred  t o 10 m M  p ot a s s i u m  p h os p h a t e b u f f er, p H  
7 .0  c on t a i n i n g  15 0 m M  K Cl  w i t h  0 .0 1%  s od i u m  a z i d e a n d  s t ored  a t  4 0C u n t i l  
u s e. 
 

        P r e p ar at io n o f  t issu e  h o mo g e nat e s: 
 
R a t  l i v er t i s s u e w a s  h om og en i z ed  i n  5 0 m M  T ri s -H Cl  b u f f er, p H  8.0  
c on t a i n i n g  0 .2 5 M  s u c ros e a n d  1m M  p h en y l  m et h a n e s u l p h on y l  f l u ori d e 
( P M S F )  u s i n g  a  g l a s s  h om og en i z er. H om og en i z a t i on  w a s  d on e b y  k eep i n g  
t h e g l a s s  h om og en i z er i n  a n  i c e j a c k et  a n d  c a re w a s  t a k en  t o m i n i m i z e t h e 
f rot h  f orm a t i on . T h e h om og en a t e w a s  p a s s ed  t h rou g h  t w o l a y ers  of  c h ees e 
c l ot h  a n d  t h en  c en t ri f u g ed  a t  10 ,0 0 0  X g  a t  4 0C f or 3 0 m i n . T h e res u l t i n g  
s u p ern a t a n t  w a s  c en t ri f u g ed  a t  1,0 5 ,0 0 0  X g  f or 1h r. T h e s u p ern a t a n t  
ob t a i n ed  i s  ref erred  t o a s  c ru d e c y t os ol i c  f ra c t i on . 
 
G S T  assay : 
 
G S T  a c t i v i t y  w a s  d et erm i n ed  a s  d es c ri b ed  b y  H a b i g  et  a l ., ( 19 81)  u s i n g  1, 
c h l oro 2 ,4  d i n i t ro b en z en e a s  s u b s t ra t e. T h e t y p i c a l  a s s a y  m i x t u re c on t a i n  
1m M  CD NB  ( 1, c h l oro 2 ,4  d i n i t ro b en z en e) , 1m M  red u c ed  g l u t a t h i on e 
( G S H )  a n d  10 0 m M  s od i u m  p h os p h a t e b u f f er ( p H  6 .5 )  i n  a  v ol u m e of  1m l . 
T h i oet h er f orm a t i on  w a s  d et erm i n ed  b y  rea d i n g  t h e a b s orb a n c e a t  3 4 0 n m  
a n d  q u a n t i f i c a t i on  w a s  d on e u s i n g  9 .6  M -1.c m -1 a s  t h e ex t i n c t i on  
c oef f i c i en t . On e u n i t  of  en z y m e a c t i v i t y  w a s  d ef i n ed  a s  on e m i c rom ol e of  
p rod u c t  f orm ed  or on e m i c rom ol e of  s u b s t ra t e c on s u m ed  p er m i n u t e. 
S p ec i f i c  a c t i v i t i es  w ere g i v en  i n  u n i t s  p er m g  p rot ei n . B l a n k  a c t i v i t y  w a s  
m ea s u red  i n  t h e a b s en c e of  en z y m e a n d  s u b t ra c t ed  f rom  ex p eri m en t a l  
v a l u es  t o c orrec t  f or p os s i b l e n on  en z y m a t i c  rea c t i on s . 
 
 

        P u r if ic at io n o f  G S T s 
 
G e l f ilt r at io n o n se p h ad e x  G -15 0 :  
T h e c ru d e c y t os ol i c  f ra c t i on  w a s  s u b j ec t ed  t o a m m on i u m  s u l f a t e 
p rec i p i t a t i on . Am m on i u m  s u l p h a t e, 5 9 0 g  p er l i t er w a s  a d d ed  t o t h e c ru d e 
c y t os ol i c  f ra c t i on  a n d  t h e p rep a ra t i on  w a s  c en t ri f u g ed  a t  12 ,0 0 0  rp m  f or 
3 0 m i n . T h e p rec i p i t a t e w a s  d i s s ol v ed  i n  2 5 m M  T ri s -H c l  a n d  d i a l y s ed  f or 2 4  
h r a g a i n s t  10  v ol s . of  2 5 m M  T ri s -H c l , p H -8.0 . T h e d i a l y s ed  c y t os ol  w a s  
a p p l i ed  on  S ep h a d ex  G -15 0  c ol u m n  p rev i ou s l y  eq u i l i b ra t ed  w i t h  2 5 m M  
T ri s -H c l , p H -8.0 . S a m e b u f f er w a s  u s ed  a s  el u en t  a n d  5 .0 m l  f ra c t i on s  w ere 
c ol l ec t ed  a t  a  f l ow  ra t e of  1m l / m i n . Ac t i v e f ra c t i on s  w ere p ool ed  a n d  
l oa d ed  on  a f f i n i t y  c ol u m n . 

      
       
      
 
 



 27 

        Af f init y  c h r o mat o g r ap h y  o n G S H  link e d  e p o x y  ac t iv at e d  se p h ar o se     
        6 B :  

 
T h e p ool ed  f ra c t i on s  w ere d i a l y s ed  f or 2 4  h r a g a i n s t  10  v ol s . of  10 m M  
p ot a s s i u m  p h os p h a t e b u f f er ( p H  7 .0 )  w i t h  4  c h a n g es  a t  6 h  i n t erv a l s  t o 
rem ov e en d og en ou s  G S H , w h i c h  m a y  i n t erf ere w i t h  t h e b i n d i n g  of  G S T s  t o 
a f f i n i t y  c ol u m n . Af t er d i a l y s i s  s a m p l e w a s  l oa d ed  on  t o t h e G S H -S ep h a ros e 
6 B  a f f i n i t y  c ol u m n  p rev i ou s l y  eq u i l i b ra t ed  w i t h  10 m M  p ot a s s i u m  p h os p h a t e 
b u f f er p H  7 .0  c on t a i n i n g  0 .15 M  K Cl  a n d  t h en  w a s h ed  w i t h  t h e s a m e b u f f er 
t i l l  t h e p rot ei n  c on t en t  d rop p ed  t o z ero ( b y  s p ec t ros c op i c  d et ec t i on  a t  
2 80 n m ) . T h e a f f i n i t y  b ou n d  G S T s  w ere t h en  el u t ed  w i t h  5 0 m M  p ot a s s i u m  
p h os p h a t e b u f f er p H  7 .5  c on t a i n i n g  10 m M  G S H  a n d  1m l  f ra c t i on s  w ere 
c ol l ec t ed . Ac t i v e f ra c t i on s  w ere p ool ed , d i a l y s ed  a n d  t h en  c on c en t ra t ed  b y  
l y op h i l i s a t i on . 
 
 
P r o t e in d e t e r minat io n: 
 
P rot ei n  c on t en t  i n  t h e c h rom a t og ra p h i c  f ra c t i on s  w ere d et erm i n ed  
s p ec t rop h ot om et ri c a l l y  b y  t h e p roc ed u re of  W a rb u rg  a n d  Ch ri s t i a n  ( 19 4 1)  
b y  m ea s u ri n g  t h e a b s orb a n c e a t  2 80 n m  a n d  2 6 0 n m . P rot ei n  c on t en t  i n  t h e 
s a m p l es  l i k e c ru d e h om og en a t e a n d  c y t os ol  w a s  a s s a y ed  b y  t h e m et h od  of  
B i u ret . 
 

        S D S -P AG E  analy sis: 
 
P ol y a c ry l a m i d e g el  el ec t rop h ores i s  w a s  p erf orm ed  a c c ord i n g  t o t h e m et h od  
of  L a em m l i  ( 19 7 0 )  on  a  v ert i c a l  s l a b  g el  s y s t em . T h e g el s  c on t a i n ed  12 %  
a c ry l a m i d e w i t h  3 0 :1 ra t i o of  a c ry l a m i d e t o N, N, N’ , N’ - m et h y l en e- b i s - 
a c ry l a m i d e. S a m p l es  w ere b oi l ed  a t  10 0 0C f or 5  m i n  i n  t h e p res en c e of  
l oa d i n g  d y e t o d i s s oc i a t e p rot ei n s  i n t o t h ei r i n d i v i d u a l  p ol y p ep t i d e c h a i n s . 
T h e l oa d i n g  d y e c on t a i n ed : S D S  ( 4 %  w / v ) , 2 -m erc a p t oet h a n ol  ( 2 %  v / v )  i n  
0 .1 M  T ri s -H Cl , p H  6 .8. T h e p rot ei n  m i x t u re w a s  s u b j ec t ed  t o 
el ec t rop h ores i s  on   p ol y a c ry l a m i d e s t a c k i n g  g el  i n  0 .5 M  T ri s -H Cl , p H  6 .8, 
a n d  12 %  ( w / v )  res ol v i n g  g el  i n  1.5 M  T ri s -H Cl , p H  8.8 a t  10 0 v  t i l l  t h e d y e 
f ron t  rea c h es  t h e en d  of  t h e g el . T h e el ec t rod e b u f f er ( p H  8.3 )  c on t a i n ed  
0 .0 2 5 M  T ri s  b u f f er, 0 .19 2 M  g l y c i n e a n d  0 .1%  S D S . 10  µ g  of  c ru d e ex t ra c t  
a n d  1 µ g  of  a f f i n i t y  p u ri f i ed  c y t os ol i c  G S T s  l oa d ed  on  S D S -P AG E .  
 
 
S ilv e r  st aining : 
 
S i l v er s t a i n i n g  of  p rot ei n s  w a s  es s en t i a l l y  d on e a s  d es c ri b ed  b y  B l u m  et  a l ., 
19 87 . B ri ef l y , g el s  w ere f i x ed  i n  f i x a t i v e s ol u t i on  ( 5 0 %  m et h a n ol , 12 %  
a c et i c  a c i d  a n d  0 .5 %  of  3 7  %  f orm a l d eh y d e)  f or 1h r f ol l ow ed  b y  w a s h i n g  
w i t h  5 0 %  a l c oh ol  3  t i m es  f or 3 0  m i n u t es  ea c h . G el s  w ere t rea t ed  w i t h  
s od i u m  t h i os u l p h a t e ( 0 .2 g m s / l i t re)  p rec i s el y  f or 1 m i n u t e a n d  w a s h ed  w i t h  
d ou b l e d i s t i l l ed  w a t er t o rem ov e ex es s  of  t h i os u l p h a t e. T h e g el s  w ere 
t rea t ed  w i t h  f res h l y  p rep a red  s i l v er n i t ra t e ( 2 g m s / l i t re of  d ou b l e d i s t i l l ed  
w a t er c on t a i n i n g  0 .7 6 %  of  3 7  %  f orm a l d eh y d e / l i t re)  f or 3 0  m i n u t es  on  a  
s h a k er. E x es s  of  s i l v er n i t ra t e w a s  rem ov ed  b y  w a s h i n g  t h ri c e w i t h  d ou b l ed  
d i s t i l l ed  w a t er. An d  f i n a l l y  t h e g el  w a s  d ev el op ed  u s i n g  6 %  s od i u m  
c a rb on a t e c on t a i n i n g  0 .6 %  of  3 7 %  f orm a l d eh y d e/ l i t re. As  s oon  a s  t h e 
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p rot ei n  s p ot s  of  req u i red  i n t en s i t y  a p p ea red  t h e rea c t i on  w a s  s t op p ed  b y  
t h e a d d i t i on  of  12 %  a c et i c  a c i d  a n d  t h e g el s  w ere p res erv ed  i n  5 0 %  
et h a n ol .    
 
W e st e r n b lo t t ing  

       
     I m m u n ob l ot  a n a l y s i s  w a s  c a rri ed  ou t  on  n i t roc el l u l os e m em b ra n es  

a c c ord i n g  t o t h e p u b l i s h ed  p roc ed u res  of  T ow b i n  et  a l ., 19 7 9 . T h e c y t os ol i c  
G S T s  s ep a ra t ed  on  S D S -P AG E  w ere t ra n s f erred  on  t h e n i t roc el l u l os e 
m em b ra n e. Af t er t h e t ra n s f er p roc es s , t h e m em b ra n e w a s  a i r d ri ed  f or f ew  
s ec on d s . I m m ed i a t el y  t h e m em b ra n e w a s  m a d e w et  i n  T ri s  b u f f er s a l i n e 
( T B S , p H -7 .6 )  a n d  t h orou g h  ri n s i n g  w a s  d on e. T h en  t h e m em b ra n e w a s  
t ra n s f erred  i n t o T B S -b u f f er, w h i c h  c on t a i n s  5 %  n on -f a t  m i l k  f or 1h r t o 
b l oc k  t h e n on s p ec i f i c  b i n d i n g  s i t es . T h e b l ot s  w ere t h en  p rob ed  w i t h  
p ri m a ry  a n t i b od y  f or 1h r a t  room  t em p era t u re. T h e u n b ou n d  p ri m a ry  
a n t i b od y  w a s  rem ov ed  b y  w a s h i n g  2  t i m es  ( 5  m i n  ea c h )  w i t h  T B S , 2  t i m es  
( 5  m i n  ea c h )  w i t h  T B S -T  ( T B S  c on t a i n i n g  0 .1%  t w een , p H -7 .6 ) , 2  t i m es  ( 5  
m i n  ea c h )  w i t h  T B S . T h e m em b ra n e w a s  b l oc k ed  w i t h  5 %  m i l k  p ow d er i n  
T B S  f or 5  m i n . T h en  t h e m em b ra n e w a s  i n c u b a t ed  f or 1 h r i n  T B S  w i t h  1%  
n on  f a t  m i l k  c on t a i n i n g  s ec on d a ry  a n t i b od y  G oa t  a n t i -ra b b i t  I g G  AL P  
c on j u g a t e. T h e u n b ou n d  a n t i b od y  w a s  rem ov ed  b y  w a s h i n g  2  t i m es  ( 5  m i n  
ea c h )  w i t h  T B S , 2  t i m es  ( 5  m i n  ea c h )  w i t h  T B S -T  ( T B S  c on t a i n i n g  0 .1%  
t w een ) , 2  t i m es  ( 5  m i n  ea c h )  w i t h  T B S  a n d  s u b j ec t ed  t o c ol ou r 
d ev el op m en t  u s i n g  B CI P -NB T  w h i c h  i s  s u b s t ra t e f or a l k a l i n e p h os p h a t a s e. 
T h e m em b ra n e w a s  d ri ed  a n d  d en s i t om et ri c  a n a l y s i s  w a s  p erf orm ed . 
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Phyllanthus fraternus: 
 
     I n  t h e  pr e s e n t  s t u d y  t h e  e f f e ct  o f  ad m i n i s t r at i o n  o f  al l y l  al co h o l  o n  t h e  

o x i d at i v e  s t r e s s  an d  t h e  pr o t e ct i v e  e f f e ct  o f  pr i o r  ad m i n i s t r at i o n  o f  aq u e o u s  
e x t r act  o f  Phyllanthus fraternus o n  al l y l  al co h o l  i n d u ce d  o x i d at i v e  s t r e s s  
w e r e  s t u d i e d .  
T h e  pe r ce n t  pr o t e ct i v e  e f f e ct  d u e  t o  t h e  pr i o r  ad m i n i s t r at i o n  o f  Phyllanthus 
fraternus w as  cal cu l at e d  as  f o l l o w s .  
[ 1 0 0 / 1 0 0  – (V al u e  o f  g r o u p B) ]  X  (V al u e  o f  g r o u p D  – V al u e  o f  g r o u p B)           
I n  o t h e r  w o r d s  a 1 0 0 %  pr o t e ct i o n  (o n  a g i v e n  par am e t e r )  m e an s  t h at  t h e  
v al u e  i s  b ack  t o  t h e  co n t r o l  l e v e l  w h i ch  i s  n o r m al i z e d  as  1 0 0 . 

   
     S tud i es o n o x i d ati v e p ho sp ho rylati o n: 
 
     N ADH  o x i d ase ( thro ug h g lutam ate and  m alate)  
 
     F i g .1 A  i s  a o r i g i n al  t r ace  o f  o x y g e n  co n ce n t r at i o n  o b t ai n e d  b y  o x y t h e r m  

r e s pi r o m e t e r . A D P  s t i m u l at e d  r e s pi r at i o n  i s  t ak e n  as  s t at e  3  an d  A D P  
e x h au s t e d  r e s pi r at i o n  as  s t at e  4 . F i g u r e  1 B s h o w s  t h e  e f f e ct  o f  
ad m i n i s t r at i o n  o f  al l y l  al co h o l  an d  t h e  pr o t e ct i v e  e f f e ct  o f  pr i o r  
ad m i n i s t r at i o n  o f  phyllanthus fraternus o n  s t at e  3  r e s pi r at i o n ,  r e s pi r at o r y  
co n t r o l  r at i o  (R C R )  an d  P / O r at i o .  

    
     E x t e r n al l y l  ad d e d  N A D H  can n o t  pe n e t r at e  t h e  t i g h t l y  co u pl e d  m i t o ch o n d r i a. 

S o ,  g l u t am at e  an d  m al at e  w e r e  u s e d  t o  r e d u ce  t h e  i n t e r n al  N A D + po o l  an d  
g e n e r at e  N A D H  i n  t h e  m at r i x  w h i ch  g i v e s  e l e ct r o n s  t o  t h e  r e s pi r at o r y  
ch i an . S t u d i e s  o n  t h i s  e n z y m e  co m pl e x  g i v e  t h e  i n f o r m at i o n  o n  t h e  ab i l i t y  
o f  t r an s f e r  o f  e l e ct r o n s  t h r o u g h  al l  t h e  t h r e e  s i t e s . T h e  P / O r at i o  i s  t h e  
i n d e x  o f  e f f i ci e n cy  o f  t h e  s y s t e m  t o  co n s e r v e  e n e r g y  i n  t h e  f o r m  o f  A T P ,  
w h i l e  R C R  g i v e s  an  i n d e x  o f  t h e  i n t e g r i t y  o f  t h e  m i t o ch o n d r i al  m e m b r an e . 

     I n  al l y l  al co h o l  ad m i n i s t e r e d  r at s  s t at e  3  r e s pi r at i o n ,  R C R  an d  P / O w as  
d e cr e as e d  b y  4 3 ,  5 5  an d  2 9 %  co m par e d  t o  co n t r o l s  an d  t h i s  d e cr e as e  i s  
s i g n i f i can t . T h e r e  w as  a s i g n i f i can t  i n cr e as e  i n  s t at e  3  r e s pi r at i o n  an d  R C R  
i n  r at s  ad m i n i s t e r e d  b o t h  P. fraternus an d  al l y l  al co h o l  w h e n  co m par e d  t o  
r at s  ad m i n i s t e r e d  o n l y  al l y l  al co h o l . A d m i n i s t r at i o n  o f  P.  fraternus pr i o r  t o  
al l y l  al co h o l  ad m i n i s t r at i o n  o f f e r e d  pr o t e ct i o n  o f  7 2 ,  4 0  an d  8 0 %  o n  s t at e  3  
r e s pi r at i o n ,  R C R  an d  P / O r at i o s  r e s pe ct i v e l y . A d m i n i s t r at i o n  o f  t h e  pl an t  
e x t r act  al o n e  d i d  n o t  s h o w  an y  ch an g e . 

 
     S tud i es o n S uc c i nate o x i d ase: 
 
     F i g  2  s h o w s  t h e  e f f e ct  o f  ad m i n i s t r at i o n  o f  al l y l  al co h o l  an d  t h e  pr o t e ct i v e  

e f f e ct  o f  pr i o r  ad m i n i s t r at i o n  o f  phyllanthus fraternus o n  s t at e  3  
r e s pi r at i o n ,  r e s pi r at o r y  co n t r o l  r at i o  (R C R )  an d  P / O r at i o  w i t h  s u cci n at e  as  
s u b s t r at e . 

     W h e n  s u cci n at e  w as  u s e d  as  s u b s t r at e  (e l e ct r o n  t r an s f e r  t h r o u g h  s i t e  I I  +  
s i t e  I I I )  t h e r e  w as  a d e cr e as e  o f  4 3 ,  5 2  an d  2 0 %  o n  s t at e  3  r e s pi r at i o n ,  
R C R  an d  P / O r at i o s  r e s pe ct i v e l y  d u e  t o  t h e  ad m i n i s t r at i o n  o f  al l y l  al co h o l  
w h e n  co m par e d  t o  co n t r o l . T h e r e  w as  a s i g n i f i can t  i n cr e as e  i n  s t at e  3  
r e s pi r at i o n ,  R C R  an d  P / O r at i o s  i n  r at s  ad m i n i s t e r e d  b o t h  P. fraternus an d  
al l y l  al co h o l  w h e n  co m par e d  t o  r at s  ad m i n i s t e r e d  w i t h  o n l y  al l y l  al co h o l . 
T h i s  s h o w s  t h at  t h e r e  i s  a s i g n i f i can t  e f f e ct  d u e  t o  t h e  ad m i n i s t r at i o n  o f  P.  
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fraternus. A d m i n i s t r at i o n  o f  P.  fraternus pr i o r  t o  al l y l  al co h o l  o f f e r e d  
pr o t e ct i o n  o f  7 7 ,  5 4  an d  2 0 %  o n  s t at e  3  r e s pi r at i o n ,  R C R  an d  P / O r at i o s  
r e s pe ct i v e l y  (F i g u r e -2 ) . T h e r e  w as  n o  s i g n i f i can t  e f f e ct  o n  s u cci n at e  
o x i d at i o n  i n  r at s  ad m i n i s t e r e d  P.  fraternus e x t r act  al o n e . 
 
T ransam i nases: 
Asp artate am i no  transferase ( AS T ) : 
F i g -3  an d  4  s h o w s  t h e  e f f e ct  o f  al l y l  al co h o l  an d  P.  fraternus o n  l i v e r  an d  
s e r u m  as par t at e  am i n o t r an s f e r as e  (A S T ) . S e r u m  A S T  l e v e l s  ar e  
s i g n i f i can t l y  i n cr e as e d  (6 2 5 % )  w h e r e  as  i n  l i v e r  h o m o g e n at e  A S T  l e v e l s  ar e  
s i g n i f i can t l y  d e cr e as e d  (5 6 % )  b y  t h e  ad m i n i s t r at i o n  o f  al l y l  al co h o l  w h e n  
co m par e d  t o  co n t r o l s . T h e s e  t r an s am i n as e s  ar e  k n o w n  t o  d e cr e as e  i n  l i v e r  
an d  i n cr e as e  i n  s e r u m  d u r i n g  l i v e r  d am ag e  an d  ar e  g o o d  i n d e x  o f  t h e  
e x t e n t  o f  t h e  l i v e r  d am ag e . P r i o r  ad m i n i s t r at i o n  o f  aq u e o u s  e x t r act  o f  P.  
fraternus o f f e r e d  s i g n i f i can t  pr o t e ct i o n  w h e n  co m par e d  t o  g r o u p o f  r at s  
ad m i n i s t e r e d  w i t h  al l y l  al co h o l  al o n e . A d m i n i s t r at i o n  o f  P.  fraternus pr i o r  t o  
al l y l  al co h o l  o f f e r e d  pr o t e ct i o n  ag ai n s t  t h e  l i v e r  d am ag e  t o  an  e x t e n t  o f  6 0 ,  
3 8 %  i n  h o m o g e n at e  an d  s e r u m . 
Alani ne am i no  transferase ( AlAT ) : 
F i g -3  an d  4  s h o w s  t h e  act i v i t y  o f  al an i n e  am i n o  t r an s f e r as e . T h e  act i v i t y  o f  
A l A T  d e cr e as e d  b y  6 2 %  i n  l i v e r  h o m o g e n at e  w h e r e  as  i t  i n cr e as e d  f o u r  
f o l d s  (4 4 1 % )  i n  t h e  s e r u m  b y  t h e  ad m i n i s t r at i o n  o f  al l y l  al co h o l . 
A d m i n i s t r at i o n  o f  P.  fraternus pr i o r  t o  al l y l  al co h o l  o f f e r e d  pr o t e ct i o n  o f  4 8 ,  
2 7 %  i n  h o m o g e n at e  an d  s e r u m . T h u s  t h e  pr i o r  ad m i n i s t r at i o n  o f  aq u e o u s  
e x t r act  o f  P.  fraternus o f f e r e d  s i g n i f i can t  pr o t e ct i o n  ag ai n s t  t h e  l i v e r  
d am ag e  i n d u ce d  b y  al l y l  al co h o l . 

        M em b rane p o tenti al: 
 
F i g -5 A  s h o w s  t h e  o r i g i n al  t r ace s  o f  f l u o r e s ce n ce  ch an g e s  o f  A N S  i n  
s u b m i t o ch o n d r i al  par t i cl e s . T h e  ad d i t i o n  o f  s u cci n at e  e n e r g i z e s  t h e  
m e m b r an e  an d  b u i l d s  t h e  m e m b r an e  po t e n t i al  w h i ch  i s  f o l l o w e d  b y  an  
i n cr e as e  i n  A N S  f l u o r e s ce n ce . T h e  ad d i t i o n  o f  C C C P ,  an  u n co u pl e r ,  
d e e n e r g i z e s  t h e  m e m b r an e  an d  m e m b r an e  po t e n t i al  i s  d i s s i pat e d  w h i ch  i s  
f o l l o w e d  b y  d e cr e as e  i n  t h e  f l u o r e s ce n ce . T h e  f l u o r e s ce n ce  ch an g e s  w e r e  
l e s s  d u e  t o  al l y l  al co h o l  ad m i n i s t r at i o n  w h e n  co m par e d  t o  co n t r o l . F i g -5 B 
s h o w s  t h e  e f f e ct  o f  al l y l  al co h o l  w i t h  an d  w i t h o u t  pr i o r  ad m i n i s t r at i o n  o f  
P. fraternus o n  m e m b r an e  po t e n t i al . S i g n i f i can t  d e cr e as e  i n  m e m b r an e  
po t e n t i al  w as  o b s e r v e d  b y  t h e  ad m i n i s t r at i o n  o f  al l y l  al co h o l . P r i o r  
ad m i n i s t r at i o n  o f  aq u e o u s  e x t r act  o f  P.  fraternus o f f e r e d  pr o t e ct i o n  t o  an  
e x t e n t  o f  6 2 % . 

 
      L i p i d  p ero x i d e lev el: 
 

E f f e ct  o f  t h e  ad m i n i s t r at i o n  o f  al l y l  al co h o l  w i t h  an d  w i t h o u t  t h e  pr i o r  
ad m i n i s t r at i o n  o f  aq u e o u s  e x t r act  o f  P.  fraternus o n  l i pi d  pe r o x i d e  l e v e l  i s  
s h o w n  i n  F i g u r e -6 . I n  b o t h  h o m o g e n at e  an d  m i t o ch o n d r i a t h e  l i pi d  
pe r o x i d e  l e v e l  i s  s i g n i f i can t l y  i n cr e as e d  (6 5  an d  1 0 9 %  r e s pe ct i v e l y )  d u e  t o  
t h e  ad m i n i s t r at i o n  o f  al l y l  al co h o l  co m par e d  t o  co n t r o l s . T h e r e  w as  a 
s i g n i f i can t  d e cr e as e  i n  b o t h  h o m o g e n at e  an d  m i t o ch o n d r i a i n  r at s  
ad m i n i s t e r e d  b o t h  P. fraternus an d  al l y l  al co h o l  w h e n  co m par e d  t o  r at s  
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ad m i n i s t e r e d  o n l y  al l y l  al co h o l . P r i o r  ad m i n i s t r at i o n  o f  aq u e o u s  e x t r act  o f  
P.  fraternus o f f e r e d  pr o t e ct i o n  o f  8 8  an d  9 1 %  o n  l i pi d  pe r o x i d e s  o f  b o t h  
h o m o g e n at e  an d  m i t o ch o n d r i a r e s pe ct i v e l y . A d m i n i s t r at i o n  o f  P.  fraternus 
al o n e  d e cr e as e d  t h e  l i pi d  pe r o x i d e  l e v e l  (2 8 % )  i n  t h e  h o m o g e n at e  an d  
i n cr e as e d  (1 5 % )  i n  m i t o ch o n d r i a. T h i s  ch an g e  i s  n o t  s t at i s t i cal l y l  
s i g n i f i can t .  
 
Pro tei n c arb o nyls:  
E f f e ct  o f  t h e  ad m i n i s t r at i o n  o f  al l y l  al co h o l  w i t h  an d  w i t h o u t  t h e  pr i o r  
ad m i n i s t r at i o n  o f  aq u e o u s  e x t r act  o f  P.  fraternus o n  pr o t e i n  car b o n y l s  i s  
s h o w n  i n  F i g u r e -7 . T h e  car b o n y l  co n t e n t  i s  s i g n i f i can t l y  i n cr e as e d  (1 1 8 % )  
d u e  t o  t h e  ad m i n i s t r at i o n  o f  al l y l  al co h o l . T h e  pr i o r  ad m i n i s t r at i o n  o f  
aq u e o u s  e x t r act  o f  P. fraternus o f f e r e d  co m pl e t e  pr o t e ct i o n  (co m par ab l e  t o  
co n t r o l s )  an d  pr e v e n t e d  t h e  r ai s e  i n  t h e  car b o n y l  co n t e n t  d u e  t o  t h e  
ad m i n i s t r at i o n  o f  al l y l  al co h o l  i n  l i v e r  m i t o ch o n d r i a.  
 
T o tal sulp hyd ryl g ro up s: 
 
E f f e ct  o f  t h e  ad m i n i s t r at i o n  o f  al l y l  al co h o l  w i t h  an d  w i t h o u t  t h e  pr i o r  
ad m i n i s t r at i o n  o f  aq u e o u s  e x t r act  o f  P.  fraternus o n  t o t al  s u l ph y d r y l  g r o u ps  
i s  s h o w n  i n  F i g u r e -8 . T h e  t o t al  s u l ph y d r y l  g r o u ps  ar e  s i g n i f i can t l y  
d e cr e as e d  (5 4 % )  d u e  t o  t h e  ad m i n i s t r at i o n  o f  al l y l  al co h o l . T h e  pr i o r  
ad m i n i s t r at i o n  o f  aq u e o u s  e x t r act  o f  P.  fraternus o f f e r e d  pr o t e ct i o n  t o  an  
e x t e n t  o f  5 9 % . T h e  i n cr e as e  i n  r at s  ad m i n i s t e r e d  b o t h  P.  fraternus an d  
al l y l  al co h o l  i s  s t at i s t i cal l y l  s i g n i f i can t  w h e n  co m par e d  t o  r at s  ad m i n i s t e r e d  
o n l y  al l y l  al co h o l .  

      
     S up ero x i d e rad i c als: 
    
     E f f e ct  o f  t h e  ad m i n i s t r at i o n  o f  al l y l  al co h o l  w i t h  an d  w i t h o u t  t h e  pr i o r  

ad m i n i s t r at i o n  o f  aq u e o u s  e x t r act  o f  P.  fraternus o n  t h e  g e n e r at i o n  o f  
s u pe r o x i d e  r ad i cal s  i s  s h o w n  i n  F i g u r e -9 . T h e  s u pe r o x i d e  r ad i cal s  ar e  
s i g n i f i can t l y  i n cr e as e d  (2 2 0 % )  d u e  t o  t h e  ad m i n i s t r at i o n  o f  al l y l  al co h o l .  
A d m i n i s t r at i o n  o f  aq u e o u s  e x t r act  o f  P.  fraternus pr e v e n t e d  t h e  r ai s e  an d  
pr o t e ct e d  t o  an  e x t e n t  o f  5 3 %  o n  s u pe r o x i d e  l e v e l . T h e r e  w as  a s i g n i f i can t  
d i f f e r e n ce  i n  r at s  ad m i n i s t e r e d  b o t h  P.  fraternus an d  al l y l  al co h o l  (g r o u p-D )  
w h e n  co m par e d  w i t h  b o t h  co n t r o l  (g r o u p-A )  o r  r at s  ad m i n i s t e r e d  w i t h  al l y l  
al co h o l  (g r o u p-B) . 
 
C atalase: 
 
F i g u r e  1 0  s h o w s  t h e  e f f e ct  o f  t h e  ad m i n i s t r at i o n  o f  al l y l  al co h o l  w i t h  an d  
w i t h o u t  t h e  pr i o r  ad m i n i s t r at i o n  o f  aq u e o u s  e x t r act  o f  P.  fraternus o n  
cat al as e  act i v i t y . I n  b o t h  h o m o g e n at e  an d  m i t o ch o n d r i a t h e  cat al as e  
act i v i t y  i s  s i g n i f i can t l y  d e cr e as e d  (5 7  an d  2 1 %  r e s pe ct i v e l y )  d u e  t o  t h e  
ad m i n i s t r at i o n  o f  al l y l  al co h o l . T h e r e  w as  a s i g n i f i can t  i n cr e as e  i n  t h e  
cat al as e  act i v i t y  i n  h o m o g e n at e  i n  r at s  ad m i n i s t e r e d  b o t h  P.  fraternus an d  
al l y l  al co h o l  (g r o u p-D )  w h e n  co m par e d  t o  r at s  ad m i n i s t e r e d  o n l y  al l y l  
al co h o l  (g r o u p-B) . P r i o r  ad m i n i s t r at i o n  o f  aq u e o u s  e x t r act  o f  P.  fraternus 
o f f e r e d  pr o t e ct i o n  t o  an  e x t e n t  o f  4 0  an d  5 7 %  o n  cat al as e  act i v i t y  i n  
h o m o g e n at e  an d  m i t o ch o n d r i a r e s pe ct i v e l y . 
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S up ero x i d e d i sm utase ( S O D) : 
 
E f f e ct  o f  t h e  ad m i n i s t r at i o n  o f  al l y l  al co h o l  w i t h  an d  w i t h o u t  t h e  pr i o r  
ad m i n i s t r at i o n  o f  aq u e o u s  e x t r act  o f  P.  fraternus o n  t h e  g e n e r at i o n  o f  
s u pe r o x i d e  d i s m u t as e  act i v i t y  i s  s h o w n  i n  F i g u r e  1 1 . S OD  act i v i t y  i s  
s i g n i f i can t l y  d e cr e as e d  i n  i n t act  m i t o ch o n d r i a,  cy t o s o l  an d  m e m b r an e  
f r ag m e n t s  (4 3 ,  4 5  an d  5 3 %  r e s pe ct i v e l y )  d u e  t o  t h e  ad m i n i s t r at i o n  o f  al l y l  
al co h o l . T h e r e  w as  a s i g n i f i can t  i n cr e as e  i n  t h e  S OD  act i v i t y  o f  i n t act  
m i t o ch o n d r i a an d  m e m b r an e  f r ag m e n t s  i n  r at s  ad m i n i s t e r e d  b o t h  P.  
fraternus an d  al l y l  al co h o l  (g r o u p-D )  w h e n  co m par e d  t o  r at s  ad m i n i s t e r e d  
o n l y  al l y l  al co h o l  (g r o u p-B) . P r i o r  ad m i n i s t r at i o n  o f  aq u e o u s  e x t r act  o f  P.  
fraternus o f f e r e d  pr o t e ct i o n  o f  6 6 ,  2 9  an d  6 0 %  o n  S OD  act i v i t y  o f  i n t act  
m i t o ch o n d r i a,  cy t o s o l  an d  m e m b r an e  f r ag m e n t s  r e s pe ct i v e l y . 
 
G lutathi o ne p ero x i d ase ( G S H Px ) : 
 
F i g u r e -1 2  s h o w s  t h e  e f f e ct  o f  t h e  ad m i n i s t r at i o n  o f  al l y l  al co h o l  w i t h  an d  
w i t h o u t  t h e  pr i o r  ad m i n i s t r at i o n  o f  aq u e o u s  e x t r act  o f  P.  fraternus o n  
g l u t at h i o n e  pe r o x i d as e  act i v i t y . T h e  G S H P X  act i v i t y  i s  s i g n i f i can t l y  
d e cr e as e d  (4 1 % )  d u e  t o  t h e  ad m i n i s t r at i o n  o f  al l y l  al co h o l . T h e  pr i o r  
ad m i n i s t r at i o n  o f  aq u e o u s  e x t r act  o f  P.  fraternus o f f e r e d  pr o t e ct i o n  (5 6 % )  
an d  pr e v e n t e d  t h e  d e cr e as e  i n  t h e  G P x  act i v i t y  d u e  t o  t h e  ad m i n i s t r at i o n  o f  
al l y l  al co h o l . T h e r e  w as  a s i g n i f i can t  d i f f e r e n ce  i n  r at s  ad m i n i s t e r e d  b o t h  P.  
fraternus an d  al l y l  al co h o l  (g r o u p-D )  w h e n  co m par e d  t o  r at s  ad m i n i s t e r e d  
o n l y  al l y l  al co h o l  (g r o u p-B) . 
 
G lutathi o ne red uc tase ( G R ) : 
E f f e ct  o f  t h e  ad m i n i s t r at i o n  o f  al l y l  al co h o l  w i t h  an d  w i t h o u t  t h e  pr i o r  
ad m i n i s t r at i o n  o f  aq u e o u s  e x t r act  o f  P.  fraternus o n  g l u t at h i o n e  r e d u ct as e  
act i v i t y  i s  s h o w n  i n  F i g u r e -1 3 . T h e  G R  act i v i t y  i s  s i g n i f i can t l y  d e cr e as e d  
(4 4 % )  d u e  t o  t h e  ad m i n i s t r at i o n  o f  al l y l  al co h o l . P r i o r  ad m i n i s t r at i o n  o f  
aq u e o u s  e x t r act  o f  P.  fraternus o f f e r e d  pr o t e ct i o n  o f  5 7 %  o n  G R  act i v i t y . 
T h e r e  w as  a s i g n i f i can t  d i f f e r e n ce  i n  r at s  ad m i n i s t e r e d  b o t h  P.  fraternus 
an d  al l y l  al co h o l  (g r o u p-D )  w h e n  co m par e d  t o  r at s  ad m i n i s t e r e d  o n l y  al l y l  
al co h o l  (g r o u p-B) . 
      
G lutathi o ne lev els: 
E f f e ct  o f  t h e  ad m i n i s t r at i o n  o f  al l y l  al co h o l  w i t h  an d  w i t h o u t  t h e  pr i o r  
ad m i n i s t r at i o n  o f  aq u e o u s  e x t r act  o f  P.  fraternus o n  l e v e l s  o f  g l u t at h i o n e  i s  
s h o w n  i n  F i g u r e -1 4 . T h e  r e d u ce d  g l u t at h i o n e  (G S H )  an d  o x i d i z e d  
g l u t at h i o n e  (G S S G )  ar e  s i g n i f i can t l y  d e cr e as e d  (4 6  an d  4 8 % )  d u e  t o  t h e  
ad m i n i s t r at i o n  o f  al l y l  al co h o l . P r i o r  ad m i n i s t r at i o n  o f  aq u e o u s  e x t r act  o f  P.  
fraternus o f f e r e d  pr o t e ct i o n  o f  4 1  an d  5 0 %  o n  G S H  an d  G S S G  l e v e l s . 
T h e r e  w as  a s i g n i f i can t  d i f f e r e n ce  i n  r at s  ad m i n i s t e r e d  b o t h  P.  fraternus 
an d  al l y l  al co h o l  (g r o u p-D )  w h e n  co m par e d  t o  r at s  ad m i n i s t e r e d  o n l y  al l y l  
al co h o l  (g r o u p-B) . 
 
 



 33 

Alc o ho l d ehyd ro g enase: 
F i g -1 5  s h o w s  t h e  e f f e ct  o f  t h e  ad m i n i s t r at i o n  o f  al l y l  al co h o l  w i t h  an d  
w i t h o u t  t h e  pr i o r  ad m i n i s t r at i o n  o f  aq u e o u s  e x t r act  o f  P.  fraternus o n  
al co h o l  d e h y d r o g e n as e  act i v i t y  T h e  al co h o l  d e h y d r o g e n as e  act i v i t y  i s  
s i g n i f i can t l y  i n cr e as e d  (4 5 % )  d u e  t o  t h e  ad m i n i s t r at i o n  o f  al l y l  al co h o l . 
P r i o r  ad m i n i s t r at i o n  o f  aq u e o u s  e x t r act  o f  P.  fraternus o f f e r e d  pr o t e ct i o n  o f  
6 2 %  o n  al co h o l  d e h y d r o g e n as e  act i v i t y . T h e r e  w as  a s i g n i f i can t  d e cr e as e  
i n  r at s  ad m i n i s t e r e d  b o t h  P.  fraternus an d  al l y l  al co h o l  (g r o u p-D )  w h e n  
co m par e d  t o  r at s  ad m i n i s t e r e d  o n l y  al l y l  al co h o l  (g r o u p-B) . 
 
G lutathi o ne transferase ( G S T ) : 
 
G el fi ltrati o n o n sep had ex  G -1 5 0  c o lum n: 
G e l  f i l t r at i o n  pr o f i l e s  o f  r at  l i v e r  cy t o s o l  f r o m  g r o u p-A  (co n t r o l ) ,  g r o u p-B 
(al l y l  al co h o l  ad m i n i s t e r e d )  an d  g r o u p-D  (al l y l  al co h o l + P. fraternus 
ad m i n i s t e r e d )  w e r e  g i v e n  i n  f i g u r e s  1 6 ,  1 8  an d  2 0  r e s pe ct i v e l y . T h e  act i v e  
f r act i o n s  w e r e  po o l e d  an d  l o ad e d  o n  af f i n i t y  co l u m n . 
 
Affi ni ty p uri fi c ati o n o f c yto so li c  G S T s fro m  rat li v er c yto so l: 
T ab l e  1 ,  2  an d  3  s h o w s  t h e  pu r i f i cat i o n  pr o f i l e  o f  r at  l i v e r  cy t o s o l i c G S T s  
f r o m  g r o u p-A  (co n t r o l ) ,  g r o u p-B (al l y l  al co h o l  ad m i n i s t e r e d )  an d  g r o u p-D  
(P.  fraternus an d  al l y l  al co h o l  ad m i n i s t e r e d ) . T h e  cr u d e  e x t r act  o f  co n t r o l  
l i v e r  s h o w e d  a C D N B s pe ci f i c act i v i t y  o f  0 .6 9  µ m o l .m i n -1.m g  pr o t e i n -1. T h e  
af f i n i t y -pu r i f i e d  G S T s  h ad  a 2 1 µ m o l .m i n -1.m g  pr o t e i n -1 s pe ci f i c act i v i t y  
g i v i n g  a 3 0  f o l d  pu r i f i cat i o n  w i t h  a y i e l d  o f  6 8 % . T h e  cy t o s o l i c G S T s  o f  al l y l  
al co h o l  t r e at e d  r at  l i v e r  s h o w e d  a s pe ci f i c act i v i t y  o f  0 .3 1  µ m o l .m i n -1.m g  
pr o t e i n -1. A f t e r  pu r i f i cat i o n  b y  af f i n i t y  ch r o m at o g r aph y ,  t h e  s pe ci f i c act i v i t y  
o b t ai n e d  w as  8 .7 µ m o l .m i n -1.m g  pr o t e i n -1 g i v i n g  2 8  f o l d  pu r i f i cat i o n  w i t h  an  
o v e r al l  y i e l d  o f  6 2 % . T h e  cy t o s o l i c G S T s  o f  P. fraternus an d  al l y l  al co h o l  
t r e at e d  r at  l i v e r  s h o w e d  a s pe ci f i c act i v i t y  o f  0 .4 4  µ m o l .m i n -1.m g  pr o t e i n -1. 
A f t e r  pu r i f i cat i o n  b y  af f i n i t y  ch r o m at o g r aph y ,  t h e  s pe ci f i c act i v i t y  o b t ai n e d  
w as  1 4 .7  µ m o l .m i n -1.m g  pr o t e i n -1 r e s u l t i n g  i n  a 3 3  f o l d  pu r i f i cat i o n  w i t h  an  
o v e r al l  y i e l d  o f  6 0 % . A f f i n i t y  e l u t i o n  pat t e r n s  o f  r at  l i v e r  cy t o s o l i c G S T s  
f r o m  g r o u p-A  (co n t r o l ) ,  g r o u p-B (al l y l  al co h o l  ad m i n i s t e r e d )  an d  g r o u p-D  
(al l y l  al co h o l + p. fraternus ad m i n i s t e r e d )  w e r e  g i v e n  i n  f i g u r e s  1 7 ,  1 9  an d  
2 1  r e s pe ct i v e l y . 
 

        S DS  PAG E : 
T h e  af f i n i t y  pu r i f i e d  G S T s  w e r e  r e s o l v e d  i n t o  t h r e e  s u b u n i t s  o n  S D S -P A G E  
w i t h  m o l e cu l ar  w e i g h t s  o f  2 5 .6 ,  2 7  an d  2 8  k D a w h i ch  w e r e  d e s i g n at e d  as  
Y a,  Y b  an d  Y c r e s pe ct i v e l y . C al i b r at i o n  o f  r e l at i v e  m o l e cu l ar  w e i g h t  w as  
d o n e  b y  i n cl u d i n g  t h e  m o l e cu l ar  w e i g h t  s t an d ar d s  al o n g  w i t h  af f i n i t y  
pu r i f i e d  G S T s . F i g  2 2 -A  s h o w s  S D S -P A G E  o f  af f i n i t y  pu r i f i e d  r at  l i v e r  
cy t o s o l i c G S T s  f r o m  g r o u p-A  (co n t r o l ) ,  g r o u p-B (al l y l  al co h o l  ad m i n i s t e r e d )  
an d  g r o u p-D  (al l y l  al co h o l + p. fraternus ad m i n i s t e r e d ) . 
   



 34 

    
W estern b lo tti ng : 
T h e  cy t o s o l i c pr o t e i n s  as  w e l l  as  af f i n i t y  pu r i f i e d  G S T s  w e r e  an al y z e d  b y  
i m m u n o  b l o t t i n g  af t e r  e l e ct r o ph o r e s i s  u s i n g  po l y cl o n al  an t i b o d i e s  r ai s e d  
ag ai n s t  af f i n i t y  pu r i f i e d  G S T s . Y a s u b u n i t  w as  s h o w n  t o  b e  d e cr e as e d  
s i g n i f i can t l y  (f i g  2 3 i )  u po n  al l y l  al co h o l  ad m i n i s t r at i o n . P r i o r  ad m i n i s t r at i o n  
o f  aq u e o u s  e x t r act  o f  P. fraternus o f f e r e d  s i g n i f i can t  pr o t e ct i o n  i n  Y a 
s u b u n i t . T h e r e  w as  n o  s i g n i f i can t  d i f f e r e n ce  i n  Y b  an d  Y c s u b u n i t s  (f i g  2 3  i i  
an d  i i i ) . F i g  2 2 -B s h o w s  w e t e r n  b l o t . F i g u r e  2 3  s h o w s  d e n s i t o m e t r i c s can s  
o f  w e s t e r n  b l o t s . 
 
M easurem ent o f rad i c als usi ng  sp i n trap  DM PO  b y E S R : 
F i g u r e -2 4  i ,  i i  an d  i i i  s h o w s  o r i g i n al  t r ace s  o f  E S R  s i g n al s  o f  D M P O-OH  
ad d u ct  o f  r at  l i v e r  m i t o pl as t s  f r o m  g r o u p-A  (co n t r o l ) ,  g r o u p-B (al l y l  al co h o l  
ad m i n i s t e r e d )  an d  g r o u p-D  (al l y l  al co h o l + P. fraternus ad m i n i s t e r e d )  i n  t h e  
pr e s e n ce  o f  g l u t am at e  an d  m al at e . F i g u r e -2 4  i v  s h o w s  ad d i t i o n  o f  
s u pe r o x i d e  d i s m u t as e  co m pl e t e l y  ab o l i s h e d  t h e  E S R  s i g n al . F i g u r e -2 5  
s h o w s  s i g n al  i n t e n s i t i e s  o f  D M P O-OH  ad d u ct s  i n  r at  l i v e r  m i t o pl as t s  f r o m  
g r o u p-A  (co n t r o l ) ,  g r o u p-B (al l y l  al co h o l  ad m i n i s t e r e d )  an d  g r o u p-D  (al l y l  
al co h o l + P. fraternus ad m i n i s t e r e d )  i n  t h e  pr e s e n ce  o f  g l u t am at e  an d  
m al at e . E S R  s i g n al  i n t e n s i t y  o f  D M P O-OH  ad d u ct  w as  s t at i s t i cal l y  i n cr e as e d  
d u e  t o  t h e  ad m i n i s t r at i o n  o f  al l y l  al co h o l . P r i o r  ad m i n i s t r at i o n  o f  aq u e o u s  
e x t r act  o f  P.  fraternus o f f e r e d  pr o t e ct i o n  o f  4 7 % . F i g u r e -2 6  s h o w s  s i g n al  
i n t e n s i t i e s  o f  D M P O-OH  ad d u ct s  i n  r at  l i v e r  m i t o pl as t s  f r o m  g r o u p-A  
(co n t r o l ) ,  g r o u p-B (al l y l  al co h o l  ad m i n i s t e r e d )  an d  g r o u p-D  (al l y l  
al co h o l + P. fraternus ad m i n i s t e r e d )  i n  t h e  pr e s e n ce  o f  an t i m y ci n ,  g l u t am at e  
an d  m al at e . T h e  ch an g e  i n  t h e  s i g n al  i n t e n s i t i e s  o f  D M P O-OH  ad d u ct  o f  
t h e s e  3  g r o u ps  w as  n o t  s t at i s t i cal l y  s i g n i f i can t  i n  t h e  pr e s e n ce  o f  
an t i m y ci n . F i g u r e -2 7  s h o w s  s i g n al  i n t e n s i t i e s  o f  D M P O-OH  ad d u ct s  i n  r at  
l i v e r  m i t o pl as t s  f r o m  g r o u p-A  (co n t r o l ) ,  g r o u p-B (al l y l  al co h o l  
ad m i n i s t e r e d )  an d  g r o u p-D  (al l y l  al co h o l + P. fraternus ad m i n i s t e r e d )  i n  t h e  
pr e s e n ce  o f  s u cci n at e . T h e  ch an g e  i n  t h e  s i g n al  i n t e n s i t i e s  o f  D M P O-OH  
ad d u ct  o f  t h e s e  3  g r o u ps  w as  n o t  s t at i s t i cal l y  s i g n i f i can t . F i g u r e -2 8  s h o w s  
s i g n al  i n t e n s i t i e s  o f  D M P O-OH  ad d u ct s  i n  r at  l i v e r  m i t o pl as t s  f r o m  g r o u p-A  
(co n t r o l ) ,  g r o u p-B (al l y l  al co h o l  ad m i n i s t e r e d )  an d  g r o u p-D  (al l y l  
al co h o l + P. fraternus ad m i n i s t e r e d )  i n  t h e  pr e s e n ce  o f  s u cci n at e  an d  
an t i m y ci n . T h e  ch an g e  i n  t h e  s i g n al  i n t e n s i t i e s  o f  D M P O-OH  ad d u ct  o f  
t h e s e  3  g r o u ps  w as  n o t  s t at i s t i cal l y  s i g n i f i can t  i n  t h e  pr e s e n ce  o f  
an t i m y ci n . 
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F I G U R E  1 A  
 

E ffec t o f ad m i ni strati o n o f allyl alc o ho l w i th o r w i tho ut p ri o r 
ad m i ni strati o n o f P.fraternus o n the rate o f resp i rati o n usi ng  

g lutam ate +  m alate as sub strate 
 

Time (min)

0 1 2 3 4 5 6

nm
ol

s 
of

 o
xy

ge
n

0

50

100

150

200

250

300

350

Control
Allyl alcohol
P.fraternus
Allyl alcohol+P.fraternus

substrate
ADP

State-3

State-4

 
 
F i g u r e  1 A  s h o w s  t h e  o r i g i n al  t r ace s  o f  o x y g e n  co n ce n t r at i o n  o b t ai n e d  b y  
o x y t h e r m  r e s pi r o m e t e r . T h e  ar r o w s  i n d i cat e  t h e  t i m e  po i n t  at  w h i ch  
s u b s t r at e / A D P  i s  ad d e d . A D P  s t i m u l at e d  r e s pi r at i o n  i s  t ak e n  as  s t at e  3  an d  
A D P  e x h au s t e d  r e s pi r at i o n  as  s t at e  4 . T h e  e x pe r i m e n t  w as  d o n e  w i t h  2 m g  
o f  m i t o ch o n d r i al  pr o t e i n  i n  1 .0 m l  o f  t h e  b u f f e r  (5 0  m M  s u cr o s e ,  5 0  m M  
T r i s -H cl ,  2 0  m M  po t as s i u m  ph o s ph at e ,  2  m M  E D T A ,  7  m M  m ag n e s i u m  
ch l o r i d e ,  pH  7 .4 )  i n  t h e  ai r  t i g h t  co n t ai n e r . A d d i t i o n s  w e r e  d o n e  w i t h  
H am i l t o n  s y r i n g e . 
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F I G U R E  1 B  
 

E ffec t o f ad m i ni strati o n o f allyl alc o ho l w i th o r w i tho ut p ri o r 
ad m i ni strati o n o f P.fraternus o n the rate o f resp i rati o n,  R C R ,  P/ O  

rati o  usi ng  g lutam ate +  m alate as sub strate 
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V al u e s  ar e  m e an ±  S D  o f  at  l e as t  f o u r  r at s  i n  e ach  g r o u p. 2 m g  pr o t e i n  w as  u s e d  
f o r  e ach  as s ay . R at e  o f  r e s pi r at i o n  w as  m e as u r e d  u s i n g  g l u t am at e  +  m al at e  as  
s u b s t r at e  b y  t h e  ad d i t i o n  o f  4 0 0  n m o l s  o f  A D P . I t  i s  e x pr e s s e d  as  n an o  m o l e s  o f  
o x y g e n  pe r  m i n u t e  pe r  m i l l i g r am  pr o t e i n . R C R  i s  t h e  r at i o  o f  A D P  s t i m u l at e d  s t at e -
3  t o  A D P  e x h au s t e d  s t at e  4  r e s pi r at i o n  an d  P / O= A D P / O r at i o . A l l  t h e  v al u e s  ar e  
e x pr e s s e d  r e l at i v e  t o  co n t r o l s  w h i ch  w e r e  t ak e n  as  1 0 0 . C o n t r o l  v al u e s  f o r  t h e  
r at e  o f  r e s pi r at i o n ,  R C R ,  P / O r at i o  u s i n g  g l u t am at e  an d  m al at e  as  s u b s t r at e s  w e r e  
3 2 .3 ± 4 .6 ,  4 .1 ± 0 .3 ,  3 .0 ± 0 .7  r e s pe ct i v e l y . ap< 0 .0 5  v s . G r o u p-A .  cp< 0 .0 0 1  v s . 
G r o u p-A . dp< 0 .0 1  v s . G r o u p-B. fp< 0 .0 5  v s . G r o u p-B. 
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F I G U R E  2  
E ffec t o f ad m i ni strati o n o f allyl alc o ho l w i th o r w i tho ut p ri o r 

ad m i ni strati o n o f P.fraternus o n the rate o f resp i rati o n,  R C R ,  P/ O  
rati o  usi ng  suc c i nate as sub strate 

V al u e s  ar e  m e an ±  S D  o f  at  l e as t  f o u r  r at s  i n  e ach  g r o u p. 2 m g  pr o t e i n  w as  
u s e d  f o r  e ach  as s ay . R at e  o f  r e s pi r at i o n  w as  m e as u r e d  u s i n g  s u cci n at e  as  
s u b s t r at e  b y  t h e  ad d i t i o n  o f  2 0 0  n m o l s  o f  A D P . I t  i s  e x pr e s s e d  as  n an o  
m o l e s  o f  o x y g e n  pe r  m i n u t e  pe r  m i l l i g r am  pr o t e i n . R C R  i s  t h e  r at i o  o f  A D P  
s t i m u l at e d  s t at e -3  t o  A D P  e x h au s t e d  s t at e  4  r e s pi r at i o n  an d  P / O= A D P / O 
r at i o . A l l  t h e  v al u e s  ar e  e x pr e s s e d  r e l at i v e  t o  co n t r o l  w h i ch  w e r e  t ak e n  as  
1 0 0 . C o n t r o l  v al u e s  f o r  t h e  r at e  o f  r e s pi r at i o n ,  R C R ,  P / O r at i o  u s i n g  
s u cci n at e  as  s u b s t r at e  w e r e  5 3 .3 ± 6 .9 ,  4 .0 ± 0 .4 ,  2 .0 ± 0 .1  r e s pe ct i v e l y . 
bp< 0 .0 1  v s . G r o u p-A . cp< 0 .0 0 1  v s . G r o u p-A . dp< 0 .0 1  v s . G r o u p-B.  
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F I G U R E  3  
 
 

E ffec t o f ad m i ni strati o n o f allyl alc o ho l w i th o r w i tho ut p ri o r 
ad m i ni strati o n o f P.fraternus o n Asp artate am i no  transferase ( AS T )  
and  alani ne am i no  transferase ac ti v i ty ( AlAT )  i n li v er ho m o g enate 
 
 
 

 
 

V al u e s  ar e  g i v e n  as  pe r ce n t  co n t r o l ,  an d  ar e  m e an  ±  S D  o f  at l e as t  f o u r  
an i m al s . 4 0 µ g  pr o t e i n  w as  u s e d  f o r  e ach  as s ay . A s par t at e  am i n o  
t r an s f e r as e  (A S T )  an d  al an i n e  am i n o  t r an s f e r as e  (A l A T )  act i v i t i e s  ar e  
e x pr e s s e d  as  µ m o l e s  o f  N A D H  o x i d i z e d  pe r  h o u r  pe r  m g  pr o t e i n . T h e  
co n t r o l  v al u e s  o f  A S T  an d  A l A T  i n  l i v e r  h o m o g e n at e  w e r e  5 1 ± 5 .1 3 ,  
3 .0 2 ± 0 .6 7  r e s pe ct i v e l y . bp< 0 .0 1  v s . G r o u p-A . cp< 0 .0 0 1  v s . G r o u p-A . 
fp< 0 .0 5  v s . G r o u p-B. dp< 0 .0 1  v s . G r o u p-B.  
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F I G U R E  4  
 

E ffec t o f ad m i ni strati o n o f allyl alc o ho l w i th o r w i tho ut p ri o r 
ad m i ni strati o n o f P.fraternus o n Asp artate am i no  transferase ( AS T )  

and  alani ne am i no  transferase ac ti v i ty ( AlAT )  i n serum  
 

 
 
V al u e s  ar e  g i v e n  as  pe r ce n t  co n t r o l ,  an d  ar e  m e an  ±  S D  o f  at l e as t  f o u r  
an i m al s . 2 5 µ l  s e r u m  w as  u s e d  f o r  e ach  as s ay . A s par t at e  am i n o  t r an s f e r as e  
(A S T )  an d  al an i n e  am i n o  t r an s f e r as e  (A l A T )  act i v i t i e s  w e r e  e x pr e s s e d  as  
µ m o l e s  o f  N A D H  o x i d i z e d  pe r  h o u r  pe r  m g  pr o t e i n . T h e  co n t r o l  v al u e s  o f  
A S T  an d  A l A T  i n  s e r u m  w e r e  0 .0 9 4 ± 0 .0 3 1 ,  0 .0 1 5 ± 0 .0 0 2  r e s pe ct i v e l y . 
cp< 0 .0 0 1  v s . G r o u p-A . 
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F I G U R E  5 A 
 

E ffec t o f ad m i ni strati o n o f allyl alc o ho l w i th o r w i tho ut p ri o r 
ad m i ni strati o n o f  P.fraternus o n m em b rane p o tenti al i n S M P 
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T h i s  f i g u r e  s h o w s  t h e  o r i g i n al  t r ace s  o f  f l u o r e s ce n ce  ch an g e s  o f  A N S  i n  
s u b m i t o ch o n d r i al  par t i cl e s .  1 m M  s u cci n at e  w as  ad d e d  t o  t h e  r e act i o n  
s y s t e m  [ s u b m i t o ch o n d r i al  par t i cl e s  (3 8 0  µ g  pr o t e i n ) ,  b u f f e r e d  m e d i u m  
(co n t ai n i n g  2 5 0 m M  s u cr o s e ,  1 0 m M  T r i s -H C l ,  5 m M  M g C l 2 ,  pH  7 .5 )  an d  
1 0 µ M  A N S  i n  a t o t al  v o l u m e  o f  1 .0  m l ]  t o  e n e r g i s e  t h e  m e m b r an e  an d  t h e  
f l u o r e s ce n ce  ch an g e  w as  r e co r d e d . T h e  ad d i t i o n  o f  s u cci n at e  i n d u ce d  an  
i n cr e as e  i n  A N S  f l u o r e s ce n ce . A f t e r  t h e  f l u o r e s ce n ce  ch an g e  r e ach e d  t o  a 
pl at e au ,  C C C P  (a po t e n t  u n co u pl e r )  w as  ad d e d  (0 .3 µ M )  t o  b r i n g  d o w n  t h e  
m e m b r an e  t o  d e e n e r g i s e d  s t at e . T h e  i n t e n s i t y  o f  f l u o r e s ce n ce  w as  
m e as u r e d  i n  a f l u o r e s ce n ce  s pe ct r o ph o t o m e t e r . T h e  e x ci t at i o n  an d  
e m i s s i o n  w av e  l e n g t h s  u s e d  w e r e  3 6 6 n m  an d  4 7 0 n m  r e s pe ct i v e l y . 
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F I G U R E  5 B  
 

E ffec t o f ad m i ni strati o n o f allyl alc o ho l w i th o r w i tho ut p ri o r 
ad m i ni strati o n o f  P.fraternus o n m em b rane p o tenti al i n S M P 
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V al u e s  ar e  g i v e n  as  pe r ce n t  co n t r o l ,  an d  ar e  m e an  ±  S D  o f  at l e as t  f o u r  
an i m al s . 3 8 0 µ g  S M P  pr o t e i n  w as  u s e d  f o r  e ach  as s ay . M e m b r an e  po t e n t i al  
i s  e x pr e s s e d  as  m i l l i v o l t s . T h e  co n t r o l  v al u e  w as  1 5 0 ± 3 .0 . ap< 0 .0 5  v s . 
G r o u p-A . fp< 0 .0 5  v s . G r o u p-B. 
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F I G U R E  6  

E ffec t o f ad m i ni strati o n o f allyl alc o ho l w i th o r w i tho ut p ri o r 
ad m i ni strati o n o f P.fraternus o n li p i d  p ero x i d e lev el i n li v er 

ho m o g enate and  m i to c ho nd ri a 
 

 
V al u e s  ar e  g i v e n  as  pe r ce n t  co n t r o l ,  an d  ar e  m e an  ±  S D  o f  at  l e as t  f o u r  
an i m al s . 5 m g  pr o t e i n  w as  u s e d  f o r  e ach  as s ay . L i pi d  pe r o x i d e  l e v e l  i s  
e x pr e s s e d  as  n m o l  M D A  f o r m e d  pe r  1 0 0 m g  pr o t e i n . T h e  co n t r o l  v al u e s  i n  
h o m o g e n at e  an d  m i t o ch o n d r i a w e r e  1 1 5 .0 ± 1 0 .0 ,  1 0 8 .3 ± 1 4 .4  r e s pe ct i v e l y .   
bp< 0 .0 1  v s . G r o u p-A . cp< 0 .0 0 1  v s . G r o u p-A . fp< 0 .0 5  v s . G r o u p-B. 
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F I G U R E  7  

E ffec t o f ad m i ni strati o n o f allyl alc o ho l w i th o r w i tho ut p ri o r 
ad m i ni strati o n o f P.fraternus o n p ro tei n c arb o nyl c o ntent 

 
 

 
 

T h e  v al u e s  ar e  m e an  ±  S D  o f  at  l e as t  f o u r  an i m al s . 4 m g  pr o t e i n  w as  u s e d  
f o r  e ach  as s ay . P r o t e i n  car b o n y l  co n t e n t  i s  e x pr e s s e d  as  n m o l  pe r  m g  
pr o t e i n . T h e  co n t r o l  v al u e  f o r  t h e  pr o t e i n  car b o n y l  co n t e n t  w as  1 .0 ± 0 .1 . 
cp< 0 .0 0 1  v s . G r o u p-A . ep< 0 .0 0 1  v s . G r o u p-B. 
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F I G U R E  8  

E ffec t o f ad m i ni strati o n o f allyl alc o ho l w i th o r w i tho ut p ri o r 
ad m i ni strati o n o f P.fraternus o n to tal sulp hyd ryl g ro up s i n rat li v er 

m i to c ho nd ri a 
 
 

 
T h e  v al u e s  ar e  m e an  ±  S D  o f  at  l e as t  f o u r  an i m al s . 1 m g  pr o t e i n  w as  u s e d  
f o r  e ach  as s ay . T o t al  s u l ph y d r y l  g r o u ps  ar e  e x pr e s s e d  as  n m o l  pe r  
m i l l i g r am  pr o t e i n . T h e  co n t r o l  v al u e  f o r  t o t al  s u l ph y d r y l  g r o u ps  w e r e  
8 .9 ± 0 .6 . cp< 0 .0 0 1  v s . G r o u p-A . fp< 0 .0 5  v s . G r o u p-B. 
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F I G U R E  9  

E ffec t o f ad m i ni strati o n o f allyl alc o ho l w i th o r w i tho ut p ri o r 
ad m i ni strati o n o f P.fraternus o n g enerati o n o f sup ero x i d e rad i c als 

i n m i to c ho nd ri al frag m ents 
 

 
T h e  v al u e s  ar e  m e an  ±  S D  o f  at  l e as t  f o u r  an i m al s . 0 .1 m g  pr o r e i n  o f  
m i t o ch o n d r i al  f r ag m e n t s  w e r e  u s e d  f o r  e ach  as s ay . G e n e r at i o n  o f  
s u pe r o x i d e  r ad i cal s  ar e  e x pr e s s e d  as  n m o l  pe r  m i n u t e  pe r  m i l l i g r am  
pr o t e i n . T h e  co n t r o l  v al u e  f o r  g e n e r at i o n  o f  s u pe r o x i d e  r ad i cal s  1 4 .5 ± 0 .7 .  
bp< 0 .0 1  v s . G r o u p-A . cp< 0 .0 0 1  v s . G r o u p-A . dp< 0 .0 1  v s . G r o u pB.  
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F I G U R E  1 0  

E ffec t o f ad m i ni strati o n o f allyl alc o ho l w i th o r w i tho ut p ri o r 
ad m i ni strati o n o f P.fraternus o n c atalase ac ti v i ty 

 

 
V al u e s  ar e  g i v e n  as  pe r ce n t  co n t r o l ,  an d  ar e  m e an  ±  S D  o f  at l e as t  f o u r  
an i m al s . 0 .3 m g  o f  h o m o g e n at e  pr o t e i n  an d  0 .1 m g  o f  m i t o ch o n d r i al  pr o t e i n  
w e r e  u s e d  f o r  e ach  as s ay . C at al as e  act i v i t y  i s  e x pr e s s e d  as  n m o l s  o f  H 2O2 
co n s u m e d  pe r  m i n  pe r  m g  pr o t e i n . T h e  co n t r o l  v al u e s  i n  h o m o g e n at e  an d  
m i t o ch o n d r i a w e r e  6 8 1  ±  3 9 .0 5 ,  1 8 1 6 ± 1 0 8 .1 7  r e s pe ct i v e l y . bp< 0 .0 1  v s . 
G r o u p-A . cp< 0 .0 0 1  v s . G r o u p-A . dp< 0 .0 1  v s . G r o u p-B.  
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F I G U R E  1 1  
 

E ffec t o f ad m i ni strati o n o f allyl alc o ho l w i th o r w i tho ut p ri o r 
ad m i ni strati o n o f P.fraternus o n sup ero x i d e d i sm utase ac ti v i ty 

 

 
 
 
V al u e s  ar e  g i v e n  as  pe r ce n t  co n t r o l ,  an d  ar e  m e an  ±  S D  o f  at l e as t  f o u r  
an i m al s . 0 .1 m g  pr o t e i n  o f  s am pl e  (m i t o ch o n d r i al  f r ag m e n t s  o r  i n t act  
m i t o ch o n d r i a o r  cy t o s o l  w e r e  u s e d  f o r  e ach  as s ay . S u pe r o x i d e  d i s m u t as e  
act i v i t y  i s  e x pr e s s e d  as  u n i t s  pe r  m i l l i g r am  pr o t e i n . T h e  co n t r o l  v al u e s  o f  
s u pe r o x i d e  d i s m u t as e  o f  i n t act  m i t o ch o n d r i a,  cy t o s o l  an d  m e m b r an e  
f r ag m e n t s  w e r e  4 .5 3  ± 0 .5 1 3 ,  3 .7 ± 0 .3 3 1 ,  2 .8 4 ± 0 .3 2 8  r e s pe ct i v e l y . 
cp< 0 .0 0 1  v s . G r o u p-A . dp< 0 .0 1  v s . G r o u p-B. 
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F I G U R E  1 2  
 

E ffec t o f ad m i ni strati o n o f allyl alc o ho l w i th o r w i tho ut p ri o r 
ad m i ni strati o n o f P.fraternus o n g lutathi o ne p ero x i d ase ac ti v i ty 

 

 
 

Control-A
Ally l  a lc oh ol-B
P.fraternus-C
Ally l a lc oh ol+  P.fraternus-D

 
 
V al u e s  ar e  g i v e n  as  pe r ce n t  co n t r o l ,  an d  ar e  m e an  ±  S D  o f  at l e as t  f o u r  
an i m al s . 0 .1 m g  o f  h o m o g e n at e  pr o t e i n  w as  u s e d  f o r  e ach  as s ay . 
G l u t at h i o n e  pe r o x i d as e  act i v i t y  i s  e x pr e s s e d  as  n m o l s  o f  N A D P H  o x i d i z e d  
pe r  m i n  pe r  m i l l i g r am  pr o t e i n . T h e  co n t r o l  v al u e  o f  g l u t at h i o n e  pe r o x i d as e  
w as  1 7 2 .6 ± 1 3 .4 2 .   bp< 0 .0 1  v s . G r o u p-A . dp< 0 .0 1  v s . G r o u p-B. 
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F I G U R E  1 3  

 
E ffec t o f ad m i ni strati o n o f allyl alc o ho l w i th o r w i tho ut p ri o r 

ad m i ni strati o n o f P.fraternus o n g lutathi o ne red uc tase ac ti v i ty 
 

 
Control-A
Ally l  a l c oh ol-B
P.fraternus-C
Ally l a lc o h ol+  P.fraternus-D

 
 
 
V al u e s  ar e  g i v e n  as  pe r ce n t  co n t r o l ,  an d  ar e  m e an  ±  S D  o f  at l e as t  f o u r  
an i m al s . 0 .1 m g  o f  m i t o ch o n d r i al  pr o t e i n  w as  u s e d  f o r  e ach  as s ay . 
G l u t at h i o n e  r e d u ct as e  act i v i t y  i s  e x pr e s s e d  as  n m o l s  o f  N A D P H  o x i d i z e d  
pe r  m i n  pe r  m i l l i g r am  pr o t e i n . T h e  co n t r o l  v al u e  o f  g l u t at h i o n e  r e d u ct as e  
w as  7 4 .6 ± 3 .6 5 . cp<0 .0 0 1  v s . G r o u p-A . fp< 0 .0 5  v s . G r o u p-B. 
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F I G U R E  1 4  

 
 

E ffec t o f ad m i ni strati o n o f allyl alc o ho l w i th o r w i tho ut p ri o r 
ad m i ni strati o n o f P.fraternus o n lev els o f g lutathi o ne 

 
 

 
V al u e s  ar e  m e an  ±  S D  o f  at l e as t  f o u r  an i m al s . G l u t at h i o n e  l e v e l s  ar e  
e x pr e s s e d  as  µ m o l e s  pe r  g  t i s s u e . T h e  co n t r o l  v al u e s  o f  G S H ,  G S S G  w e r e  
7 .1 9 ± 0 .9 7 ,  0 .6 0 3 ± 0 .0 4 8  r e s pe ct i v e l y . cp<0 .0 0 1  v s . G r o u p-A . dp< 0 .0 1  v s . 
G r o u p-B. fp< 0 .0 5  v s . G r o u p-B. 
 
 
 
  
 

GSH GSSG

m
ic

ro
m

ol
es

/g
 ti

ss
u

e

0

2

4

6

8

Control (A)
Allyl alcohol (B)
H.indicus (C)
Allyl alcohol+H.indicus (D)

c

f

c d

 
 



 51 

F I G U R E  1 5  
 
 

E ffec t o f ad m i ni strati o n o f allyl alc o ho l w i th o r w i tho ut p ri o r 
ad m i ni strati o n o f P.fraternus o n alc o ho l d ehyd ro g enase ac ti v i ty 

 
 

 
 

Control-A
Ally l a lc oh ol-B
P.fraternus-C
Ally l a lc oh ol+  P.fraternus-D

 
 
 
V al u e s  ar e  g i v e n  as  pe r ce n t  co n t r o l ,  an d  ar e  m e an  ±  S D  o f  at l e as t  f o u r  
an i m al s . 0 .6 m g  pr o t e i n  o f  cy t o s o l  w as  u s e d  f o r  e ach  as s ay . A l co h o l  
d e h y d r o g e n as e  act i v i t y  i s  e x pr e s s e d  as  µ m o l e s  o f  N A D H  f o r m e d / m i n / m g . 
T h e  co n t r o l  v al u e  o f  al co h o l  d e h y d r o g e n as e  w as  1 9 ± 1 .5 2 . ap< 0 .0 5  v s . 
G r o u p-A . fp< 0 .0 5  v s . G r o u p-B. 
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F I G U R E  1 6  
 

G el fi ltrati o n o f c yto so l fro m  c o ntro l rat li v er o n sep had ex  G -1 5 0  
c o lum n 
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T h e  co l u m n  w as  pr e v i o u s l y  e q u i l i b r at e d  w i t h  2 5 m M  T r i s -H cl ,  pH -8 .0 . S am e  
b u f f e r  w as  u s e d  as  e l u e n t  an d  5 .0 m l  f r act i o n s  w e r e  co l l e ct e d  at  a f l o w  r at e  
o f  1 m l / m i n . G S T  act i v i t y  w as  m e as u r e d  u s i n g  C D N B as  s u b s t r at e  an d  t h e  
pr o t e i n  w as  m e as u r e d  f r o m  ab s o r pt i o n  at  2 8 0 n m .   

 
F I G U R E  1 7  

 
G S H  affi ni ty eluti o n p attern o f c o ntro l li v er G S T  
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A f f i n i t y  ch r o m at o g r aph y  o f  po o l e d  f r act i o n s  f r o m  g e l  f i l t r at i o n  o f  cy t o s o l  
f r o m  co n t r o l  r at  l i v e r  o n  G S H  l i n k e d  e po x y  act i v at e d  s e ph ar o s e  6 B. T h e  
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co l u m n  w as  w as h e d  w i t h  1 0 m M  po t as s i u m  ph o s ph at e  b u f f e r  pH  7 .0  
co n t ai n i n g  0 .1 5 M  K C l . T h i s  w as  f o l l o w e d  b y  e l u t i o n  w i t h  5 0 m M  po t as s i u m  
ph o s ph at e  b u f f e r  pH  7 .5  co n t ai n i n g  1 0 m M  G S H  an d  f r act i o n s  w e r e  
co l l e ct e d  at  a f l o w  r at e  o f  1 m l / m i n . G S T  act i v i t y  w as  m e as u r e d  u s i n g  C D N B 
as  s u b s t r at e  an d  t h e  pr o t e i n  w as  m e as u r e d  f r o m  ab s o r pt i o n  at  2 8 0 n m .   
 
 

 
 

T AB L E  I  
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F I G U R E  1 8  
 

G el fi ltrati o n o f c yto so l fro m  allyl alc o ho l ad m i ni stered  rat li v er  
o n S ep had ex  G -1 5 0  c o lum n 

 

0

0.5

1

1.5

2

2.5

3

3.5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Fraction number

P
ro

te
in

-A
bs

or
ba

nc
e 

at
 

28
0n

m

0

5

10

15

20

25

To
ta

l G
S

T 
ac

tiv
ity

 (U
ni

ts
/m

l)

protein

GST activity

 
 
T h e  co l u m n  w as  pr e v i o u s l y  e q u i l i b r at e d  w i t h  2 5 m M  T r i s -H cl ,  pH -8 .0 . S am e  
b u f f e r  w as  u s e d  as  e l u e n t  an d  5 .0 m l  f r act i o n s  w e r e  co l l e ct e d  at  a f l o w  r at e  
o f  1 m l / m i n . G S T  act i v i t y  w as  m e as u r e d  u s i n g  C D N B as  s u b s t r at e  an d  t h e  
pr o t e i n  w as  m e as u r e d  f r o m  ab s o r pt i o n  at  2 8 0 n m .   
 

F I G U R E  1 9  
 

G S H  affi ni ty eluti o n p attern o f allyl alc o ho l ad m i ni stered  li v er G S T  
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A f f i n i t y  ch r o m at o g r aph y  o f  po o l e d  f r act i o n s  f r o m  g e l  f i l t r at i o n  o f  cy t o s o l  
f r o m  al l y l  al co h o l  ad m i n i s t e r e d  r at  l i v e r  o n  G S H  l i n k e d  e po x y  act i v at e d  
s e ph ar o s e  6 B. T h e  co l u m n  w as  w as h e d  w i t h  1 0 m M  po t as s i u m  ph o s ph at e  
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b u f f e r  pH  7 .0  co n t ai n i n g  0 .1 5 M  K C l . T h i s  w as  f o l l o w e d  b y  e l u t i o n  w i t h  
5 0 m M  po t as s i u m  ph o s ph at e  b u f f e r  pH  7 .5  co n t ai n i n g  1 0 m M  G S H  an d  
f r act i o n s  w e r e  co l l e ct e d  at  a f l o w  r at e  o f  1 m l / m i n . G S T  act i v i t y  w as  
m e as u r e d  u s i n g  C D N B as  s u b s t r at e  an d  t h e  pr o t e i n  w as  m e as u r e d  f r o m  
ab s o r pt i o n  at  2 8 0 n m .   
 
 

 
T AB L E  2  

 
 

T yp i c al p uri fi c ati o n p ro fi le o f c yto so li c  G S T  fro m  allyl alc o ho l 
treated  rat li v er 
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F I G U R E  2 0  
 

G el fi ltrati o n o f c yto so l fro m  allyl alc o ho l+ P.fraternus ad m i ni stered  
 rat li v er o n  sep had ex  G -1 5 0  c o lum n 
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T h e  co l u m n  w as  pr e v i o u s l y  e q u i l i b r at e d  w i t h  2 5 m M  T r i s -H cl ,  pH -8 .0 . S am e  
b u f f e r  w as  u s e d  as  e l u e n t  an d  5 .0 m l  f r act i o n s  w e r e  co l l e ct e d  at  a f l o w  r at e  
o f  1 m l / m i n . G S T  act i v i t y  w as  m e as u r e d  u s i n g  C D N B as  s u b s t r at e  an d  t h e  
pr o t e i n  w as  m e as u r e d  f r o m  ab s o r pt i o n  at  2 8 0 n m .   
 

F I G U R E  2 1  
 

G S H  affi ni ty eluti o n p attern o f allyl alc o ho l+ P.fraternus  
ad m i ni stered  rat li v er G S T  
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A f f i n i t y  ch r o m at o g r aph y  o f  po o l e d  f r act i o n s  f r o m  g e l  f i l t r at i o n  o f  l i v e r  
cy t o s o l  f r o m  r at s  ad m i n i s t e r e d  w i t h  b o t h  al l y l  al co h o l  an d  P. fraternus o n  
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G S H  l i n k e d  e po x y  act i v at e d  s e ph ar o s e  6 B. T h e  co l u m n  w as  w as h e d  w i t h  
1 0 m M  po t as s i u m  ph o s ph at e  b u f f e r  pH  7 .0  co n t ai n i n g  0 .1 5 M  K C l . T h i s  w as  
f o l l o w e d  b y  e l u t i o n  w i t h  5 0 m M  po t as s i u m  ph o s ph at e  b u f f e r  pH  7 .5  
co n t ai n i n g  1 0 m M  G S H  an d  1 .0 m l  f r act i o n s  w e r e  co l l e ct e d  at  a f l o w  r at e  o f  
1 m l / m i n . G S T  act i v i t y  w as  m e as u r e d  u s i n g  C D N B as  s u b s t r at e  an d  t h e  
pr o t e i n  w as  m e as u r e d  f r o m  ab s o r pt i o n  at  2 8 0 n m .   
 

 
 
 

T AB L E  3  
 
 

T yp i c al p uri fi c ati o n p ro fi le o f c yto so li c  G S T  fro m  allyl 
alc o ho l+ P.fraternus treated  rat li v er 
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F I G U R E  2 2  
 

SDS-PAGE and western blot of hepatic glutathione transferases

A                                          B

A- Shows SDS-PAGE of hepatic glutathione transferases. 10µg of crude extract  or
1 µg of affinity purified cytosolic GSTs were loaded on 12% resolving gel.

B- Shows western blot of hepatic glutathione transferases

1.  Molecular weight marker
2. Crude extract from control  rat liver   
3. Crude extract from allyl alcohol treated rat liver
4. Crude extract from allyl alcohol + p.fraternus treated

rat liver. 
5. Affinity purified cytosolic GST from control rat liver
6. Affinity purified cytosolic GST from allyl alcohol treated rat liver
7. Affinity purified cytosolic GST from allyl alcohol+ P.fraternus treated

rat liver

28
27
25.6

97.4
66

43

29

20.1

14.3

1         2         3         4       5            6         7 2           3          4            5             6        7

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 59 

F I G U R E  2 3  
 

Densi to m etri c  sc an o f affi ni ty p uri fi ed  G S T s 
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i ,  i i  an d  i i i  s h o w s  d e n s i t o m e t r i c q u an t i f i cat i o n  o f  Y a,  Y b  an d  Y c s u b u n i t s  o f  
G S T  i n  ar b i t ar y  u n i t s .  bp< 0 .0 1  v s . co n t r o l  g r o u p. D e n s i t o m e t e r  w as  u s e d  
f o r  q u an t i f i cat i o n . 
A ,  B an d  D  ar e  af f i n i t y  pu r i f i e d  G S T  s u b u n i t s  f r o m  co n t r o l ,  al l y l  al co h o l  
ad m i n i s t e r e d  an d  al l y l  al co h o l + P. fraternus ad m i n i s t e r e d  r at  l i v e r  cy t o s o l . 
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F I G U R E  2 4  
 

O ri g i nal trac es o f E S R  si g nals o f DM PO -O H  ad d uc ts usi ng  g lutam ate 
+  m alate as sub strate 

                                               

i

ii

iii

iv

 
                            
                                                                                                
                      
 
 
F o r  E S R  an al y s i s  m i t o pl as t s  (1  m g  pr o t e i n )  w e r e  pl ace d  i n  2 0 0 µ l  o f  b u f f e r   
(2 3 0 m M  m an n i t o l ,  7 0 m M  s u cr o s e ,  2 0 m M  T r i s -H C l ,  pH  ad j u s t e d  t o  7 .4  w i t h  
M o ps )  i n  t h e  pr e s e n ce  o f  r e s pi r at o r y  s u b s t r at e s  g l u t am at e  (7 .5 m M ) ,  
m al at e  (7 .5 m M )  an d  i n h i b i t o r s  l i k e  an t i m y ci n  (1 µ g / m g  pr o t e i n ) . D M P O 
(1 6 0 m M )  w as  ad d e d  an d  t h e  E S R  s pe ct r a w e r e  r e co r d e d  o n  a J E S -F A  2 0 0  
E S R  s pe ct r o m e t e r . I n s t r u m e n t  s e t t i n g s  w e r e  as  f o l l o w s :  m i cr o w av e  po w e r ,  
2 0 m W ;  m i cr o w av e  f r e q u e n cy ,  9 .4 2  G H z ;  t i m e  co n s t an t ,  0 .0 3 s e c;  s can  
t i m e ,  4 m i n ;  s can  w i d t h ,  1 0 0 G . 
i ,  i i  an d  i i i  s h o w s  o r i g i n al  t r ace s  o f  E S R  s i g n al s  o f  r at  l i v e r  m i t o pl as t s  f r o m  
g r o u p-A  (co n t r o l ) ,  g r o u p-B (al l y l  al co h o l  ad m i n i s t e r e d )  an d  g r o u p-D  (al l y l  
al co h o l + P. fraternus ad m i n i s t e r e d )  i n  t h e  pr e s e n ce  o f  g l u t am at e  an d  
m al at e . 
    
i v  I t  i s  d u e  t o  t h e  ad d i t i o n  o f  s u pe r o x i d e  d i s m u t as e  w h i ch  co m pl e t e l y  
ab o l i s h e d  t h e  E S R  s i g n al .  
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F I G U R E  2 5  
 
              S i g nal i ntensi ti es o f DM PO -O H  ad d uc ts i n rat li v er 

                     m i to p lasts i n the p resenc e o f g lutam ate and  m alate 
 
 

 
                                         
I t  s h o w s  s i g n al  i n t e n s i t i e s  o f  D M P O-OH  ad d u ct s  i n  r at  l i v e r  m i t o pl as t s  f r o m  
g r o u p-A  (co n t r o l ) ,  g r o u p-B (al l y l  al co h o l  ad m i n i s t e r e d )  an d  g r o u p-D  (al l y l  
al co h o l + P. fraternus ad m i n i s t e r e d )  i n  t h e  pr e s e n ce  o f  g l u t am at e  an d  
m al at e . bp< 0 .0 1  v s . co n t r o l  G r o u p. 

 
F I G U R E  2 6  

 
S i g nal i ntensi ti es o f DM PO -O H  ad d uc ts i n rat li v er 

m i to p lasts i n the p resenc e o f g lutam ate,  m alate and  anti m yc i n          
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I t  s h o w s  s i g n al  i n t e n s i t i e s  o f  D M P O-OH  ad d u ct s  i n  r at  l i v e r  m i t o pl as t s  f r o m  
g r o u p-A  (co n t r o l ) ,  g r o u p-B (al l y l  al co h o l  ad m i n i s t e r e d )  an d  g r o u p-D  (al l y l  
al co h o l + P. fraternus ad m i n i s t e r e d )  i n  t h e  pr e s e n ce  o f  an t i m y ci n  (1 µ g / m g  
pr o t e i n ) ,  g l u t am at e  an d  m al at e .  T h e r e  w as  n o  s i g n i f i can t  d i f f e r e n ce . 
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FIGURE 27 
 

S i g n a l  i n t e n s i t i e s  o f  D M P O -O H  a d d u c t s  i n  
  r a t  l i v e r  m i t o p l a s t s  i n  t h e  p r e s e n c e  o f  s u c c i n a t e  
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It shows signal intensities of DMPO-OH  ad d u c ts in r at liv er  m itoplasts fr om  
gr ou p-A  (c ontr ol) ,  gr ou p-B  (ally l alc ohol ad m inister ed )  and  gr ou p-D (ally l 
alc ohol+ P.fraternus ad m inister ed )  in the pr esenc e of su c c inate (7 .5 m M) . 
T her e was no signific ant d iffer enc e. 
 

FIGURE 28  
 

S i g n a l  i n t e n s i t i e s  o f  D M P O -O H  a d d u c t s  i n  
r a t  l i v e r  m i t o p l a s t s  i n  t h e  p r e s e n c e  o f  s u c c i n a t e  a n d  a n t i m y c i n  
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It shows signal intensities of DMPO-OH  ad d u c ts in r at liv er  m itoplasts fr om  
gr ou p-A  (c ontr ol) ,  gr ou p-B  (ally l alc ohol ad m inister ed )  and  gr ou p-D (ally l 
alc ohol+ P.fraternus ad m inister ed )  in the pr esenc e of su c c inate (7 .5 m M)  
and  antim y c in (1 µ g/ m g pr otein) . T her e was no signific ant d iffer enc e. 
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H e m i d e s m u s  i n d i c u s  
 

     In the pr esent stu d y  the effec t of ad m inistr ation of ally l alc ohol on the 
ox id ativ e str ess and  the pr otec tiv e effec t of pr ior  ad m inistr ation of aq u eou s 
ex tr ac t of H em i d esm us i nd i c us on ally l alc ohol ind u c ed  ox id ativ e str ess 
wer e stu d ied .  
T he per c ent pr otec tiv e effec t d u e to the pr ior  ad m inistr ation of 
H em i d esm us i nd i c us was c alc u lated  as follows.  
[ 1 0 0 / 1 0 0  – (V alu e of gr ou p B ) ]  X  (V alu e of gr ou p D – V alu e of gr ou p B )           
In other  wor d s a 1 0 0 %  pr otec tion (on a giv en par am eter )  m eans that the 
v alu e is b ac k  to the c ontr ol lev el whic h is nor m aliz ed  as 1 0 0 . 
 

     N A D H  o x i d a s e  ( t h r o u g h  g l u t a m a t e  a n d  m a l a t e )  
 
     F ig.2 9 A  is a or iginal tr ac e of ox y gen c onc entr ation ob tained  b y  ox y ther m  

r espir om eter . A DP stim u lated  r espir ation is tak en as state 3  and  A DP 
ex hau sted  r espir ation as state 4 . F igu r e 2 9 B  shows the effec t of 
ad m inistr ation of ally l alc ohol and  the pr otec tiv e effec t of pr ior  
ad m inistr ation of H .i nd i c us on state 3  r espir ation,  r espir ator y  c ontr ol r atio 
(R C R )  and  P/ O r atio.  

    
     E x ter nally  ad d ed  N A DH  c annot penetr ate the tightly  c ou pled  m itoc hond r ia. 

S o,  glu tam ate and  m alate wer e u sed  to r ed u c e the inter nal N A D+ pool and  
gener ate N A DH  in the m atr ix  whic h giv es elec tr ons to the r espir ator y  
c hian. S tu d ies on this enz y m e c om plex  giv e infor m ation on the ab ility  of 
tr ansfer  of elec tr ons thr ou gh all the thr ee sites. T he P/ O r atio is the ind ex  
of effic ienc y  of the sy stem  to c onser v e ener gy  in the for m  of A T P,  while 
R C R  giv es an ind ex  of the integr ity  of the m itoc hond r ial m em b r ane. 
 
S tate 3  r espir ation,  R C R  and  P/ O r atio wer e d ec r eased  b y  3 2 ,  4 9 ,  and  2 9 %  
d u e to the ad m inistr ation of ally l alc ohol when c om par ed  to c ontr ols 
(F igu r e 2 9 )  and  this d ec r ease is statistic ally  signific ant. T her e was a 
signific ant inc r ease on state 3  r espir ation,  R C R  and  P/ O in r ats 
ad m inister ed  b oth ally l alc ohol and  H em i d esm us i nd i c us when c om par ed  to 
r ats ad m inister ed  only  ally l alc ohol.  A d m inistr ation of H em i d esm us i nd i c us 
pr ior  to ally l alc ohol ad m inistr ation offer ed  pr otec tion of 5 3 ,  4 7  and  6 2 %  
on state 3  r espir ation,  R C R  and  P/ O r atios r espec tiv ely . A d m inistr ation of 
the plant ex tr ac t alone d id  not show any  c hange (F igu r e 2 9 ) . 

 
     S t u d i e s  o n  S u c c i n a t e  o x i d a s e :  
 

W hen su c c inate was u sed  as su b str ate (elec tr on tr ansfer  thr ou gh site II +  
site III)  ther e was a d ec r ease of 3 3 ,  3 8  and  2 2 %  on state 3  r espir ation,  
R C R  and  P/ O r atios r espec tiv ely .  T her e was a signific ant inc r ease on state 
3  r espir ation,  R C R  and  P/ O in r ats ad m inister ed  ally l alc ohol and  
H em i d esm us i nd i c us when c om par ed  to r ats ad m inister ed  only  ally l 
alc ohol. A d m inistr ation of H em i d esm us i nd i c us pr ior  to ally l alc ohol offer ed  
pr otec tion of 6 1 ,  7 9  and  6 8 %  on state 3  r espir ation,  R C R  and  P/ O r atios 
r espec tiv ely  (F igu r e-3 0 ) . T her e was no signific ant effec t on su c c inate 
ox id ation in r ats ad m inister ed  H em i d esm us i nd i c us ex tr ac t alone. T hese 
r esu lts shown that the ad m inistr ation of H em i d esm us i nd i c us offer ed  a 
signific ant am ou nt of pr otec tion against the ally l alc ohol ind u c ed  tox ic ity . 
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T r a n s a m i n a s e s :  
A s p a r t a t e  a m i n o  t r a n s f e r a s e  ( A S T ) :  
F ig-3 1  and  3 2  shows the effec t of ally l alc ohol and  H em i d esm us i nd i c us on 
ser u m  and  liv er  aspar tate am inotr ansfer ase (A S T ) . S er u m  A S T  lev els ar e 
signific antly  inc r eased  (6 2 5 % )  wher e as in liv er  hom ogenate A S T  lev els ar e 
signific antly  d ec r eased  (4 9 % )  b y  the ad m inistr ation of ally l alc ohol when 
c om par ed  to c ontr ols. T hese tr ansam inases ar e k nown to d ec r ease in liv er  
and  inc r ease in ser u m  d u r ing liv er  d am age and  ar e good  ind ex  of the 
ex tent of the liv er  d am age. A d m inistr ation of H .i nd i c us pr ior  to ally l alc ohol 
offer ed  pr otec tion against the liv er  d am age to an ex tent of 5 1 ,  4 6 %  in 
hom ogenate and  ser u m . T hu s the pr ior  ad m inistr ation of aq u eou s ex tr ac t 
of H em i d esm us i nd i c us offer ed  signific ant pr otec tion when c om par ed  to 
r ats ad m inister ed  only  ally l alc ohol. 
A l a n i n e  a m i n o  t r a n s f e r a s e  ( A l A T ) :  
F ig-3 1  and  3 2  shows the ac tiv ity  of alanine am ino tr ansfer ase. T he ac tiv ity  
of A lA T  d ec r eased  b y  6 3 %  in liv er  hom ogenate wher e as it inc r eased  fou r  
fold s (4 4 1 % )  in the ser u m  b y  the ad m inistr ation of ally l alc ohol. 
A d m inistr ation of H .i nd i c us pr ior  to ally l alc ohol offer ed  pr otec tion of 5 5 ,  
3 3 %  in hom ogenate and  ser u m .  Pr ior  ad m inistr ation of aq u eou s ex tr ac t of 
H em i d esm us i nd i c us offer ed  signific ant pr otec tion against the liv er  d am age 
ind u c ed  b y  ally l alc ohol. 
 
M e m b r a n e  p o t e n t i a l :  
 
F ig-3 3 A  shows the or iginal tr ac es of flu or esc enc e c hanges of A N S  in 
su b m itoc hond r ial par tic les. T he ad d ition of su c c inate ener giz es the 
m em b r ane and  b u ild s the m em b r ane potential whic h is followed  b y  an 
inc r ease in A N S  flu or esc enc e. T he ad d ition of C C C P,  an u nc ou pler ,  
d eener giz es the m em b r ane and  m em b r ane potential is d issipated  whic h is 
followed  b y  d ec r ease in the flu or esc enc e. T he flu or esc enc e c hanges wer e 
less d u e to ally l alc ohol ad m inistr ation when c om par ed  to c ontr ol. F ig-3 3 B  
shows the effec t of ally l alc ohol with and  withou t pr ior  ad m inistr ation of 
H .i nd i c us on m em b r ane potential. S ignific ant d ec r ease in m em b r ane 
potential was ob ser v ed  b y  the ad m inistr ation of only  ally l alc ohol. Pr ior  
ad m inistr ation of aq u eou s ex tr ac t of H .i nd i c us offer ed  pr otec tion to an 
ex tent of 5 0 % . 

 
 
     L i p i d  p e r o x i d e  l e v e l :  

  
E ffec t of the ad m inistr ation of ally l alc ohol with and  withou t the pr ior  
ad m inistr ation of aq u eou s ex tr ac t of H em i d esm us i nd i c us on lipid  per ox id e 
lev el is shown in F igu r e-3 4 . In b oth hom ogenate and  m itoc hond r ia the lipid  
per ox id e lev el is signific antly  inc r eased  (8 4  and  1 0 9 %  r espec tiv ely )  d u e to 
the ad m inistr ation of only  ally l alc ohol c om par ed  to c ontr ols. T her e was a 
signific ant d ec r ease in the lipid  per ox id e lev el of b oth hom ogenate and  
m itoc hond r ia in r ats ad m inister ed  b oth H .i nd i c us and  ally l alc ohol when 
c om par ed  to r ats ad m inister ed  only  ally l alc ohol. Pr ior  ad m inistr ation of 
aq u eou s ex tr ac t of H em i d esm us i nd i c us offer ed  pr otec tion of 7 4  and  7 4 %  
on lipid  per ox id es of b oth hom ogenate and  m itoc hond r ia r espec tiv ely . 
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A d m inistr ation of H em i d esm us i nd i c us alone d ec r eased  the lipid  per ox id e 
lev el (1 1 % )  in the hom ogenate and  inc r eased  (1 0 % )  in m itoc hond r ia and  
these c hanges ar e not statistic ally  signific ant.   
 
P r o t e i n  c a r b o n y l s :   
E ffec t of the ad m inistr ation of ally l alc ohol with and  withou t the pr ior  
ad m inistr ation of aq u eou s ex tr ac t of H em i d esm us i nd i c us on pr otein 
c ar b ony ls is shown in F igu r e-3 5 . T he c ar b ony l c ontent is signific antly  
inc r eased  (9 1 % )  d u e to the ad m inistr ation of ally l alc ohol. T he pr ior  
ad m inistr ation of aq u eou s ex tr ac t of H em i d esm us i nd i c us offer ed  
pr otec tion (4 4 % )  and  pr ev ented  the r aise in the c ar b ony l c ontent d u e to 
the ad m inistr ation of ally l alc ohol.  
 
T o t a l  s u l p h y d r y l  g r o u p s :  
    
F igu r e-3 6  shows the effec t of the ad m inistr ation of ally l alc ohol with and  
withou t the pr ior  ad m inistr ation of aq u eou s ex tr ac t of H em i d esm us i nd i c us 
on total su lphy d r y l gr ou ps. T he total su lphy d r y l gr ou ps ar e signific antly  
d ec r eased  (4 7 % )  d u e to the ad m inistr ation of ally l alc ohol. T he pr ior  
ad m inistr ation of aq u eou s ex tr ac t of H em i d esm us i nd i c us offer ed  
pr otec tion to an ex tent of 7 0 % .    

    
     S u p e r o x i d e  r a d i c a l s :  

 
     E ffec t of the ad m inistr ation of ally l alc ohol with and  withou t the pr ior  

ad m inistr ation of aq u eou s ex tr ac t of H em i d esm us i nd i c us on the 
gener ation of su per ox id e r ad ic als is shown in F igu r e-3 7 . T he su per ox id e 
r ad ic als ar e signific antly  inc r eased  (2 1 7 % )  d u e to the ad m inistr ation of 
ally l alc ohol.  Pr ior  ad m inistr ation of aq u eou s ex tr ac t of H em i d esm us 
i nd i c us pr ev ented  the r aise in su per ox id e lev el and  pr otec ted  to an ex tent 
of 5 1 % . T her e was a signific ant d iffer enc e when gr ou p of r ats ad m inister ed  
with b oth H .i nd i c us and  ally l alc ohol (gr ou p-D)  c om par ed  with b oth c ontr ol 
gr ou p (gr ou p-A )  or  r ats ad m inister ed  only  ally l alc ohol (gr ou p-B ) . 
 
C a t a l a s e :  
 
F igu r e 3 8  shows the effec t of the ad m inistr ation of ally l alc ohol with and  
withou t the pr ior  ad m inistr ation of aq u eou s ex tr ac t of H em i d esm us i nd i c us 
on the gener ation of c atalase ac tiv ity . In b oth hom ogenate and  
m itoc hond r ia the c atalase ac tiv ity  is signific antly  d ec r eased  (5 7  and  2 1 %  
r espec tiv ely )  d u e to the ad m inistr ation of ally l alc ohol. T her e was a 
signific ant inc r ease in the c atalase ac tiv ity  of b oth hom ogenate and  
m itoc hond r ia in gr ou p of r ats ad m inister ed  b oth H .i nd i c us and  ally l alc ohol 
(gr ou p-D)  when c om par ed  to r ats ad m inister ed  only  ally l alc ohol (gr ou p-
B ) . Pr ior  ad m inistr ation of aq u eou s ex tr ac t of H em i d esm us i nd i c us offer ed  
pr otec tion to an ex tent of 4 0  and  1 4 7 %  on c atalase ac tiv ity  of b oth 
hom ogenate and  m itoc hond r ia r espec tiv ely . 
 
 
 



 66 

S u p e r o x i d e  d i s m u t a s e  ( S O D ) :  
 
E ffec t of the ad m inistr ation of ally l alc ohol with and  withou t the pr ior  
ad m inistr ation of aq u eou s ex tr ac t of H em i d esm us i nd i c us on the 
gener ation of S u per ox id e d ism u tase ac tiv ity  is shown in F igu r e-3 9 . S OD 
ac tiv ity  is signific antly  d ec r eased  in intac t m itoc hond r ia,  c y tosol and  
m em b r ane fr agm ents (4 3 ,  4 3  and  5 7 %  r espec tiv ely )  d u e to the 
ad m inistr ation of ally l alc ohol. T her e was a signific ant inc r ease in the S OD 
ac tiv ity  of intac t m itoc hond r ia and  m em b r ane fr agm ents and  c y tosol in r ats 
ad m inister ed  b oth H .i nd i c us and  ally l alc ohol (gr ou p-D)  when c om par ed  to 
r ats ad m inister ed  only  ally l alc ohol (gr ou p-B ) . Pr ior  ad m inistr ation of 
aq u eou s ex tr ac t of H em i d esm us i nd i c us offer ed  pr otec tion of 6 0 ,  4 2  and  
3 8 %  on S OD ac tiv ity  of intac t m itoc hond r ia,  c y tosol and  m em b r ane 
fr agm ents r espec tiv ely . 
 
Gl u t a t h i o n e  p e r o x i d a s e  ( GS H P x ) :  
 
F igu r e-4 0  shows the effec t of the ad m inistr ation of ally l alc ohol with and  
withou t the pr ior  ad m inistr ation of aq u eou s ex tr ac t of H em i d esm us i nd i c us 
on glu tathione per ox id ase ac tiv ity . T he GS H PX  ac tiv ity  is signific antly  
d ec r eased  (5 7 % )  d u e to the ad m inistr ation of ally l alc ohol. T he pr ior  
ad m inistr ation of aq u eou s ex tr ac t of H em i d esm us i nd i c us offer ed  
pr otec tion (6 6 % )  and  pr ev ented  the d ec r ease in the GS H Px  ac tiv ity  d u e to 
the ad m inistr ation of only  ally l alc ohol. T her e was a signific ant d iffer enc e in 
r ats ad m inister ed  b oth H .i nd i c us and  ally l alc ohol (gr ou p-D)  when 
c om par ed  to r ats ad m inister ed  only  ally l alc ohol (gr ou p-B ) .   
 
Gl u t a t h i o n e  r e d u c t a s e  ( GR) :  
E ffec t of the ad m inistr ation of ally l alc ohol with and  withou t the pr ior  
ad m inistr ation of aq u eou s ex tr ac t of H em i d esm us i nd i c us on glu tathione 
r ed u c tase ac tiv ity  is shown in F igu r e-4 1 . T he GR  ac tiv ity  is signific antly  
d ec r eased  (4 4 % )  d u e to the ad m inistr ation of ally l alc ohol. Pr ior  
ad m inistr ation of aq u eou s ex tr ac t of H em i d esm us i nd i c us offer ed  
pr otec tion of 3 9 %  on GR  ac tiv ity . T her e was a signific ant d iffer enc e in r ats 
ad m inister ed  b oth H .i nd i c us and  ally l alc ohol (gr ou p-D)  when c om par ed  to 
r ats ad m inister ed  only  ally l alc ohol (gr ou p-B ) . 
 
A l c o h o l  d e h y d r o g e n a s e :  
F ig-4 3  shows the effec t of the ad m inistr ation of ally l alc ohol with and  
withou t the pr ior  ad m inistr ation of aq u eou s ex tr ac t of H em i d esm us i nd i c us 
on alc ohol d ehy d r ogenase ac tiv ity  T he alc ohol d ehy d r ogenase ac tiv ity  is 
signific antly  inc r eased  (4 5 % )  d u e to the ad m inistr ation of ally l alc ohol. 
Pr ior  ad m inistr ation of aq u eou s ex tr ac t of H em i d esm us i nd i c us offer ed  
pr otec tion of 7 3 %  on alc ohol d ehy d r ogenase ac tiv ity . T her e was a 
signific ant d ec r ease in r ats ad m inister ed  b oth H .i nd i c us and  ally l alc ohol 
(gr ou p-D)  when c om par ed  to r ats ad m inister ed  only  ally l alc ohol (gr ou p-
B ) . 
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Gl u t a t h i o n e  l e v e l s :  
E ffec t of the ad m inistr ation of ally l alc ohol with and  withou t the pr ior  
ad m inistr ation of aq u eou s ex tr ac t of H em i d esm us i nd i c us on lev els of 
glu tathione is shown in F igu r e-4 2 . T he r ed u c ed  glu tathione (GS H )  and  
ox id iz ed  glu tathione (GS S G)  ar e signific antly  d ec r eased  (4 5  and  4 7 % )  d u e 
to the ad m inistr ation of ally l alc ohol. Pr ior  ad m inistr ation of aq u eou s 
ex tr ac t of H em i d esm us i nd i c us offer ed  pr otec tion of 4 9  and  6 4 %  on GS H  
and  GS S G lev els. T her e was a signific ant d iffer enc e in r ats ad m inister ed  
b oth H .i nd i c us and  ally l alc ohol (gr ou p-D)  when c om par ed  r ats 
ad m inister ed  only  ally l alc ohol (gr ou p-B ) . 
 
Gl u t a t h i o n e  t r a n s f e r a s e  ( GS T ) :  
Ge l  f i l t r a t i o n  o n  s e p h a d e x  G-1 5 0  c o l u m n :  
Gel filtr ation pr ofiles of r at liv er  c y tosol fr om  gr ou p-A  (c ontr ol) ,  gr ou p-B  
(ally l alc ohol ad m inister ed )  and  gr ou p-D (ally l alc ohol+ H .i nd i c us 
ad m inister ed )  wer e giv en in figu r es 4 4 ,  4 6  and  4 8  r espec tiv ely . T he ac tiv e 
fr ac tions wer e pooled  and  load ed  on affinity  c olu m n. 
 
A f f i n i t y  p u r i f i c a t i o n  o f  c y t o s o l i c  GS T  f r o m  r a t  l i v e r  c y t o s o l :  
T ab le 1 ,  2  and  3  shows the pu r ific ation pr ofile of r at liv er  c y tosolic  GS T s 
fr om  gr ou p-A  (c ontr ol) ,  gr ou p-B  (ally l alc ohol ad m inister ed )  and  gr ou p-D 
( H .i nd i c us and  ally l alc ohol ad m inister ed ) . T he c r u d e ex tr ac t of c ontr ol liv er  
showed  a C DN B  spec ific  ac tiv ity  of 0 .6 9  µ m ol.m in-1.m g pr otein-1. T he 
affinity -pu r ified  GS T s had  a 2 2  µ m ol.m in-1.m g pr otein-1 spec ific  ac tiv ity  
giv ing a 3 0  fold  pu r ific ation with a y ield  of 6 5 % . T he c y tosolic  GS T s of ally l 
alc ohol tr eated  r at liv er  showed  a spec ific  ac tiv ity  of 0 .3 1  µ m ol.m in-1.m g 
pr otein-1. A fter  pu r ific ation b y  affinity  c hr om atogr aphy ,  the spec ific  ac tiv ity  
ob tained  was 8 .7 µ m ol.m in-1 .m g pr otein-1 giv ing a 2 8  fold  pu r ific ation with 
an ov er all y ield  of 6 2 % . T he c y tosolic  GS T s of H em i d esm us i nd i c us along 
with ally l alc ohol tr eated  r at liv er  showed  a spec ific  ac tiv ity  of 0 .4 4  
µ m ol.m in-1.m g pr otein-1. A fter  pu r ific ation b y  affinity  c hr om atogr aphy ,  the 
spec ific  ac tiv ity  ob tained  was 1 5 .4  µ m ol.m in-1.m g pr otein-1 r esu lting in a 
3 5  fold  pu r ific ation with an ov er all y ield  of 6 6 % . A ffinity  elu tion patter ns of 
r at liv er  c y tosolic  GS T s fr om  gr ou p-A  (c ontr ol) ,  gr ou p-B  (ally l alc ohol 
ad m inister ed )  and  gr ou p-D (ally l alc ohol+ H .i nd i c us ad m inister ed )  wer e 
giv en in figu r es 4 5 ,  4 7  and  4 9  r espec tiv ely .     
 
S D S  P A GE:  
T he affinity  pu r ified  GS T s wer e r esolv ed  into thr ee su b u nits on S DS -PA GE  
with m olec u lar  weights of 2 5 .6 ,  2 7  and  2 8  k Da whic h wer e d esignated  as 
Y a,  Y b  and  Y c  r espec tiv ely . C alib r ation of r elativ e m olec u lar  weight was 
d one b y  inc lu d ing the m olec u lar  weight stand ar d s along with affinity  
pu r ified  GS T s F ig 5 0 -A  shows S DS -PA GE  of affinity  pu r ified  r at liv er  
c y tosolic  GS T s fr om  gr ou p-A  (c ontr ol) ,  gr ou p-B  (ally l alc ohol ad m inister ed )  
and  gr ou p-D (ally l alc ohol+ H .i nd i c us ad m inister ed ) . 
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W e s t e r n  b l o t t i n g :  
T he c y tosolic  pr oteins as well as affinity  pu r ified  GS T s wer e analy z ed  b y  
im m u no b lotting after  elec tr ophor esis u sing poly c lonal anti b od ies r aised  
against affinity  pu r ified  GS T s. Y a su b u nit was shown to b e d ec r eased  
signific antly  (fig 5 1 i)  u pon ally l alc ohol ad m inistr ation. Pr ior  ad m inistr ation 
of aq u eou s ex tr ac t of H em i d esm us i nd i c us offer ed  signific ant pr otec tion in 
Y a su b u nit. T her e was no signific ant d iffer enc e in Y b  and  Y c  su b u nits b y  
the ad m inistr ation of ally l alc ohol (fig. 5 1  ii and  iii) . F ig 5 0 -B  shows 
wester n b lot and  F ig. 5 1  shows d ensitom etr ic  sc ans of wester n b lots. 
 
M e a s u r e m e n t  o f  r a d i c a l s  u s i n g  s p i n  t r a p  D M P O  b y  ES R:  
F igu r e-5 2  i,  ii and  iii shows or iginal tr ac es of E S R  signals of DMPO-OH  
ad d u c t of r at liv er  m itoplasts fr om  gr ou p-A  (c ontr ol) ,  gr ou p-B  (ally l alc ohol 
ad m inister ed )  and  gr ou p-D (ally l alc ohol+ H .i nd i c us ad m inister ed )  in the 
pr esenc e of glu tam ate and  m alate. F igu r e-5 2  iv  shows ad d ition of 
su per ox id e d ism u tase c om pletely  ab olished  the E S R  signal. F igu r e-5 3  
shows signal intensities of DMPO-OH  ad d u c ts in r at liv er  m itoplasts fr om  
gr ou p-A  (c ontr ol) ,  gr ou p-B  (ally l alc ohol ad m inister ed )  and  gr ou p-D (ally l 
alc ohol+ H .i nd i c us ad m inister ed )  in the pr esenc e of glu tam ate and  m alate. 
E S R  signal intensity  of DMPO-OH  ad d u c t was statistic ally  inc r eased  d u e to 
the ad m inistr ation of ally l alc ohol. Pr ior  ad m inistr ation of aq u eou s ex tr ac t 
of H .i nd i c us offer ed  pr otec tion of 5 7 % . F igu r e-5 4  shows signal intensities 
of DMPO-OH  ad d u c ts in r at liv er  m itoplasts fr om  gr ou p-A  (c ontr ol) ,  gr ou p-
B  (ally l alc ohol ad m inister ed )  and  gr ou p-D (ally l alc ohol+ H .i nd i c us 
ad m inister ed )  in the pr esenc e of antim y c in,  glu tam ate and  m alate. T he 
c hange in the signal intensities of DMPO-OH  ad d u c t of these 3  gr ou ps was 
not statistic ally  signific ant in the pr esenc e of antim y c in. F igu r e-5 5  shows 
signal intensities of DMPO-OH  ad d u c ts in r at liv er  m itoplasts fr om  gr ou p-A  
(c ontr ol) ,  gr ou p-B  (ally l alc ohol ad m inister ed )  and  gr ou p-D (ally l 
alc ohol+ H .i nd i c us ad m inister ed )  in the pr esenc e of su c c inate. T he c hange 
in the signal intensities of DMPO-OH  ad d u c t of these 3  gr ou ps was not 
statistic ally  signific ant. F igu r e-5 6  shows signal intensities of DMPO-OH  
ad d u c ts in r at liv er  m itoplasts fr om  gr ou p-A  (c ontr ol) ,  gr ou p-B  (ally l 
alc ohol ad m inister ed )  and  gr ou p-D (ally l alc ohol+ H .i nd i c us ad m inister ed )  
in the pr esenc e of antim y c in and  su c c inate. T he c hange in the signal 
intensities of DMPO-OH  ad d u c t of these 3  gr ou ps was not statistic ally  
signific ant in the pr esenc e of antim y c in. 
 
H i s t o p a t h o l o g y :  

          F ig- 5 7 i and  ii shows histology  of c ontr ol r at liv er  and  liv er  of r ats 
ad m inister ed  with ally l alc ohol. 5 8 i and  ii shows histology  of liv er  of r ats 
ad m inister ed  only  H .i nd i c us and  r ats ad m inister ed  b oth H .i nd i c us +  ally l 
alc ohol. In r ats ad m inister ed  with ally l alc ohol the nor m al ar c hitec tu r e of 
liv er  was lost with d egener ativ e c hanges wher e as in c ontr ol r ats nor m al 
liv er  hepatic  c ells ar c hitec tu r e was ob ser v ed . Pr ior  ad m inistr ation of r ats 
with H .i nd i c us ,  showed  m ild  d egener ativ e c hanges c om par ed  to r ats 
ad m inister ed  only  ally l alc ohol. F ig 5 9 i and  ii shows histology  of liv er  of 
r ats ad m inister ed  only  P.fraternus and  r ats  ad m inister ed  b oth P.fraternus 
+  ally l alc ohol and . Pr ior  ad m inistr ation of r ats with P.fraternus ,  showed  
m ild  d egener ativ e c hanges c om par ed  to r ats ad m inister ed  only  ally l 
alc ohol. 
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FIGURE 29 A  
 

Ef f e c t  o f  a d m i n i s t r a t i o n  o f  a l l y l  a l c o h o l  w i t h  o r  w i t h o u t  p r i o r  
a d m i n i s t r a t i o n  o f  H . i n d i c u s  o n  t h e  r a t e  o f  r e s p i r a t i o n  u s i n g  

g l u t a m a t e  +  m a l a t e  a s  s u b s t r a t e  
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F igu r e 1 A  shows the or iginal tr ac es of ox y gen c onc entr ation ob tained  b y  
ox y ther m  r espir om eter . T he ar r ows ind ic ate the tim e point at whic h 
su b str ate/ A DP is ad d ed . A DP stim u lated  r espir ation is tak en as state 3  and  
A DP ex hau sted  r espir ation as state 4 . T he ex per im ent was d one with 2 m g 
of m itoc hond r ial pr otein in 1 .0 m l of the b u ffer  (5 0  m M su c r ose,  5 0  m M 
T r is-H c l,  2 0  m M potassiu m  phosphate,  2  m M E DT A ,  7  m M m agnesiu m  
c hlor id e,  pH  7 .4 )  in the air  tight c ontainer . A d d itions wer e d one with 
H am ilton sy r inge. 
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FIGURE 29 B  
Ef f e c t  o f  a d m i n i s t r a t i o n  o f  a l l y l  a l c o h o l  w i t h  o r  w i t h o u t  p r i o r  

a d m i n i s t r a t i o n  o f  H e m i d e s m u s  i n d i c u s  o n  t h e  r a t e  o f  r e s p i r a t i o n ,  
RC R,  P / O  r a t i o  u s i n g  g l u t a m a t e  +  m a l a t e  a s  s u b s t r a t e   
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V alu es ar e m ean±  S D fr om  at least fou r  r ats in eac h gr ou p. 2 m g pr otein 
was u sed  for  eac h assay . R ate of r espir ation was m easu r ed  u sing 
glu tam ate +  m alate as su b str ate b y  the ad d ition of 4 0 0  nm ols of A DP. It is 
ex pr essed  as nano m oles of ox y gen per  m inu te per  m illigr am  pr otein. R C R  
is the r atio of A DP stim u lated  state-3  to A DP ex hau sted  state 4  r espir ation 
and  P/ O= A DP/ O r atio. A ll the v alu es ar e ex pr essed  r elativ e to c ontr ols 
whic h wer e tak en as 1 0 0 . C ontr ol v alu es for  the r ate of r espir ation,  R C R ,  
P/ O r atio u sing glu tam ate and  m alate as su b str ates wer e 4 0 .0 ± 4 .9 ,  
4 .2 ± 0 .5 ,  3 .1 ±  0 .6 r espec tiv ely . ap< 0 .0 5  v s. Gr ou p-A .  bp< 0 .0 1  v s. Gr ou p 
A . fp< 0 .0 5  v s. Gr ou p-B . 
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FIGURE 3 0  
 

Ef f e c t  o f  a d m i n i s t r a t i o n  o f  a l l y l  a l c o h o l  w i t h  o r  w i t h o u t  p r i o r  
a d m i n i s t r a t i o n  o f  H e m i d e s m u s  i n d i c u s  o n  t h e  r a t e  o f  r e s p i r a t i o n ,  

RC R,  P / O  r a t i o  u s i n g  s u c c i n a t e  a s  s u b s t r a t e  
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 V alu es ar e m ean±  S D fr om  at least fou r  r ats in eac h gr ou p. 2 m g pr otein 
was u sed  for  eac h assay . R ate of r espir ation was m easu r ed  u sing su c c inate 
as su b str ate b y  the ad d ition of 2 0 0  nm ols of A DP. It is ex pr essed  as nano 
m oles of ox y gen per  m inu te per  m illigr am  pr otein. R C R  is the r atio of A DP 
stim u lated  state-3  to A DP ex hau sted  state 4  r espir ation and  P/ O= A DP/ O 
r atio. A ll the v alu es ar e ex pr essed  r elativ e to c ontr ol whic h wer e tak en as 
1 0 0 . C ontr ol v alu es for  the r ate of r espir ation,  R C R ,  P/ O r atio u sing 
su c c inate as su b str ate wer e 4 8 .0 ± 2 .5 ,  4 .1 ± 0 .5 ,  2 .0 ± 0 .2  r espec tiv ely .  
ap< 0 .0 5  v s. Gr ou p-A . bp< 0 .0 1  v s. Gr ou p-A . cp< 0 .0 0 1  v s. Gr ou p-A . 
dp< 0 .0 1  v s. Gr ou p-B . ep< 0 .0 0 1  v s. Gr ou p B . 
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FIGURE 3 1  
 

Ef f e c t  o f  a d m i n i s t r a t i o n  o f  a l l y l  a l c o h o l  w i t h  o r  w i t h o u t  p r i o r  
a d m i n i s t r a t i o n  o f  H e m i d e s m u s  i n d i c u s  o n  A s p a r t a t e  a m i n o  

t r a n s f e r a s e  ( A S T )  a n d  a l a n i n e  a m i n o  t r a n s f e r a s e  a c t i v i t y  ( A l A T )  i n  
l i v e r  h o m o g e n a t e  

 

 
 
V alu es ar e giv en as per c ent c ontr ol,  and  ar e m ean ±  S D of atleast fou r  
anim als. 4 0 µ g pr otein was u sed  for  eac h assay . A spar tate am ino 
tr ansfer ase (A S T )  and  alanine am ino tr ansfer ase (A lA T )  ac tiv ities ar e 
ex pr essed  as µ m oles of N A DH  ox id iz ed  per  hou r  per  m g pr otein. T he 
c ontr ol v alu es of A S T  and  A lA T  in liv er  hom ogenate wer e 5 1 ± 5 .1 3 ,  
3 .0 2 ± 0 .6 7  r espec tiv ely . bp< 0 .0 1  v s. Gr ou p-A . dp< 0 .0 1  v s. Gr ou p-B . 
fp< 0 .0 5  v s. Gr ou p-B . 
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FIGURE 3 2 
 

Ef f e c t  o f  a d m i n i s t r a t i o n  o f  a l l y l  a l c o h o l  w i t h  o r  w i t h o u t  p r i o r  
a d m i n i s t r a t i o n  o f  H e m i d e s m u s  i n d i c u s  o n  A s p a r t a t e  a m i n o  

t r a n s f e r a s e  ( A S T )  a n d  a l a n i n e  a m i n o  t r a n s f e r a s e  a c t i v i t y  ( A l A T )  i n  
s e r u m  

 
 
 
 
   V alu es ar e giv en as per c ent c ontr ol,  and  ar e m ean ±  S D of atleast fou r       
   anim als. A spar tate am ino tr ansfer ase (A S T )  and  alanine am ino  
   tr ansfer ase (A lA T )  ac tiv ities ar e ex pr essed  as µ m oles of N A DH  ox id iz ed     
   per  hou r  per  m g pr otein. T he c ontr ol v alu es of A S T  and  A lA T  in ser u m     
   wer e 0 .0 9 4 ± 0 .0 3 1 ,  0 .0 1 5 ± 0 .0 0 2  r espec tiv ely . cp< 0 .0 0 1  v s. Gr ou p-A .  
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FIGURE 3 3 A  
 

Ef f e c t  o f  a d m i n i s t r a t i o n  o f  a l l y l  a l c o h o l  w i t h  o r  w i t h o u t  t h e  
a d m i n i s t r a t i o n  o f  H e m i d e s m u s  i n d i c u s  o n  m e m b r a n e  p o t e n t i a l  i n  
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T his figu r e shows or iginal tr ac es of flu or esc enc e c hanges of A N S  in 
su b m itoc hond r ial par tic les .  1 m M su c c inate was ad d ed  to the r eac tion 
sy stem  [ su b m itoc hond r ial par tic les (3 8 0  µ g pr otein) ,  b u ffer ed  m ed iu m  
(c ontaining 2 5 0 m M su c r ose,  1 0 m M T r is-H C l,  5 m M MgC l2 ,  pH  7 .5 )  and  
1 0 µ M A N S  in a total v olu m e of 1 .0  m l]   to ener gise the m em b r ane and  the 
flu or esc enc e c hange was r ec or d ed . T he ad d ition of su c c inate ind u c ed  an 
inc r ease in A N S  flu or esc enc e. A fter  the flu or esc enc e c hange r eac hed  to a 
plateau ,  C C C P (a potent u nc ou pler )  was ad d ed  (0 .3 µ M)  to b r ing d own the 
m em b r ane to d eener gised  state. T he intensity  of flu or esc enc e was 
m easu r ed  in a flu or esc enc e spec tr ophotom eter . T he ex c itation and  
em ission wav e lengths u sed  wer e 3 6 6 nm  and  4 7 0 nm  r espec tiv ely . 
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FIGURE 3 3 B  

 
Ef f e c t  o f  a d m i n i s t r a t i o n  o f  a l l y l  a l c o h o l  w i t h  o r  w i t h o u t  p r i o r  

a d m i n i s t r a t i o n  o f  H e m i d e s m u s  i n d i c u s  o n  m e m b r a n e  p o t e n t i a l  i n  
S M P  
 

 

 
 
V alu es ar e giv en as per c ent c ontr ol,  and  ar e m ean ±  S D of atleast fou r  
anim als. 3 8 0 µ g S MP pr otein was u sed  for  eac h assay . Mem b r ane potential 
is ex pr essed  as m illiv olts. T he c ontr ol v alu e was 1 5 0 ± 3 .0 . ap< 0 .0 5  v s. 
Gr ou p-A . fp< 0 .0 5  v s. Gr ou p-B . 
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FIGURE 3 4  

Ef f e c t  o f  a d m i n i s t r a t i o n  o f  a l l y l  a l c o h o l  w i t h  o r  w i t h o u t  p r i o r  
a d m i n i s t r a t i o n  o f  H e m i d e s m u s  i n d i c u s  o n  l i p i d  p e r o x i d e  l e v e l  i n  

l i v e r  h o m o g e n a t e  a n d  m i t o c h o n d r i a  
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V alu es ar e giv en as per c ent c ontr ol,  and  ar e m ean ±  S D of at least fou r  
anim als. 5 m g pr otein was u sed  for  eac h assay . L ipid  per ox id e lev el is 
ex pr essed  as nm ol MDA  for m ed  per  1 0 0 m g pr otein. T he c ontr ol v alu es in 
hom ogenate and  m itoc hond r ia wer e 1 1 5 ± 1 0 .0 ,  1 0 8 ± 1 4 .4  r espec tiv ely .  
bp< 0 .0 1  v s. Gr ou p-A . cp< 0 .0 0 1  v s. Gr ou p-A . dp< 0 .0 1  v s. Gr ou p-B . 
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FIGURE 3 5  

 
Ef f e c t  o f  a d m i n i s t r a t i o n  o f  a l l y l  a l c o h o l  w i t h  o r  w i t h o u t  p r i o r  

a d m i n i s t r a t i o n  o f  H e m i d e s m u s  i n d i c u s  o n  p r o t e i n  c a r b o n y l  c o n t e n t  
 

Control-A
Ally l a lc oh ol-B
H.indicus-C
Ally l a lc oh ol+ H.indicus-D

 
T he v alu es ar e m ean ±  S D of at least fou r  anim als. 4 m g pr otein was u sed  
for  eac h assay . Pr otein c ar b ony l c ontent is ex pr essed  as nm ol per  m g 
pr otein. T he c ontr ol v alu e for  the pr otein c ar b ony l c ontent was 0 .8 ± 0 .0 6 .  
cp< 0 .0 0 1  v s. Gr ou p-A . dp< 0 .0 1  v s. Gr ou p-B . 
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FIGURE 3 6  

 
Ef f e c t  o f  a d m i n i s t r a t i o n  o f  a l l y l  a l c o h o l  w i t h  o r  w i t h o u t  p r i o r  

a d m i n i s t r a t i o n  o f  H e m i d e s m u s  i n d i c u s  o n  t o t a l  s u l p h y d r y l  g r o u p s  i n  
r a t  l i v e r  m i t o c h o n d r i a  

 
 

 
 

 
Control-A
Ally l  a lc oh ol-B
H.indicus-C
Ally l a lc oh ol+ H.indicus-D

 
 
T he v alu es ar e m ean ±  S D of at least fou r  anim als. 1 m g pr otein was u sed  
for  eac h assay . T otal su lphy d r y l gr ou ps ar e ex pr essed  as nm ol per  
m illigr am  pr otein. T he c ontr ol v alu e for  total su lphy d r y l gr ou ps wer e 
8 .7 ± 0 .5 . cp< 0 .0 0 1  v s. Gr ou p-A . ep< 0 .0 0 1  v s. Gr ou p-B . 
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FIGURE 37 

 
Ef f e c t  o f  a d m i n i s t r a t i o n  o f  a l l y l  a l c o h o l  w i t h  o r  w i t h o u t  p r i o r  

a d m i n i s t r a t i o n  o f  Hemidesmus indicus o n  g e n e r a t i o n  o f  s u p e r o x i d e  
r a d i c a l s  i n  m i t o c h o n d r i a l  f r a g m e n t s  

 
  

Control-A
Ally l  a lc oh ol-B
H.indicus-C
Ally l  a lc oh ol+ H.indicus-D

 
 
 
T h e  v a l u e s  a r e  m e a n  ±  S D  o f  a t  l e a s t  f o u r  a n i m a l s .  0 . 1 m g  pr o t e i n  o f  
m i t o c h o n d r i a l  f r a g m e n t s  w e r e  u s e d  f o r  e a c h  a s s a y .  G e n e r a t i o n  o f  
s u pe r o x i d e  r a d i c a l s  a r e  e x pr e s s e d  a s  n m o l  pe r  m i n u t e  pe r  m i l l i g r a m  
pr o t e i n .  T h e  c o n t r o l  v a l u e  f o r  g e n e r a t i o n  o f  s u pe r o x i d e  r a d i c a l s  1 4 . 5 ± 0 . 7 .  
cp< 0 . 0 0 1  v s .  G r o u p-A .  dp< 0 . 0 1  v s .  G r o u p-B .  
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FIGURE 38  

Ef f e c t  o f  a d m i n i s t r a t i o n  o f  a l l y l  a l c o h o l  w i t h  o r  w i t h o u t  p r i o r  
a d m i n i s t r a t i o n  o f  Hemidesmus indicus o n  c a t a l a s e  a c t i v i t y  

 

 
V a l u e s  a r e  g i v e n  a s  pe r c e n t  c o n t r o l ,  a n d  a r e  m e a n  ±  S D  o f  a t l e a s t  f o u r  
a n i m a l s .  0 . 3 m g  o f  h o m o g e n a t e  pr o t e i n  a n d  0 . 1 m g  o f  m i t o c h o n d r i a l  pr o t e i n  
w e r e  u s e d  f o r  e a c h  a s s a y .  C a t a l a s e  a c t i v i t y  i s  e x pr e s s e d  a s  n m o l s  o f  H 2O2 
c o n s u m e d  pe r  m i n  pe r  m g  pr o t e i n .  T h e  c o n t r o l  v a l u e s  i n  h o m o g e n a t e  a n d  
m i t o c h o n d r i a  w e r e  6 8 1  ±  3 9 . 0 5 ,  1 8 1 6 ± 1 0 8 . 1 7  r e s pe c t i v e l y .  bp< 0 . 0 1  v s .  
G r o u p-A .  cp< 0 . 0 0 1  v s .  G r o u p-A .  dp< 0 . 0 1  v s .  G r o u p-B .  
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FIGURE 39  
 

Ef f e c t  o f  a d m i n i s t r a t i o n  o f  a l l y l  a l c o h o l  w i t h  o r  w i t h o u t  p r i o r  
a d m i n i s t r a t i o n  o f  Hemidesmus indicus o n  s u p e r o x i d e  d i s m u t a s e  

a c t i v i t y  

 
V a l u e s  a r e  g i v e n  a s  pe r c e n t  c o n t r o l ,  a n d  a r e  m e a n  ±  S D  o f  a t l e a s t  f o u r  
a n i m a l s .  0 . 1 m g  pr o t e i n  o f  s a m pl e  ( m i t o c h o n d r i a l  f r a g m e n t s  o r  i n t a c t  
m i t o c h o n d r i a  o r  c y t o s o l  w e r e  u s e d  f o r  e a c h  a s s a y .  S u pe r o x i d e  d i s m u t a s e  
a c t i v i t y  i s  e x pr e s s e d  a s  u n i t s  pe r  m i l l i g r a m  pr o t e i n .  T h e  c o n t r o l  v a l u e s  o f  
S u pe r o x i d e  d i s m u t a s e  o f  i n t a c t  m i t o c h o n d r i a ,  c y t o s o l  a n d  m e m b r a n e  
f r a g m e n t s  w e r e  4 . 4 5  ± 0 . 5 9 1 ,  3 . 7 ±  0 . 3 3 1 ,  3 . 0 6 ± 0 . 1 5 2  r e s pe c t i v e l y .  
bp< 0 . 0 1  v s .  G r o u p-A .  cp< 0 . 0 0 1  v s .  G r o u p-A .  dp< 0 . 0 1  v s .  G r o u p-B .  fp< 0 . 0 5  
v s .  G r o u p-B .  
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FIGURE 4 0  

 
Ef f e c t  o f  a d m i n i s t r a t i o n  o f  a l l y l  a l c o h o l  w i t h  o r  w i t h o u t  p r i o r  

a d m i n i s t r a t i o n  o f  Hemidesmus indicus o n  g l u t a t h i o n e  p e r o x i d a s e  
a c t i v i t y  

 
 

 

Control-A
Ally l a l c oh ol-B
H.indicus-C
Ally l a l c oh ol+ H.indicus-D

 
 
V a l u e s  a r e  g i v e n  a s  pe r c e n t  c o n t r o l ,  a n d  a r e  m e a n  ±  S D  o f  a t l e a s t  f o u r  
a n i m a l s .  0 . 1 m g  o f  h o m o g e n a t e  pr o t e i n  w a s  u s e d  f o r  e a c h  a s s a y .   
G l u t a t h i o n e  pe r o x i d a s e  a c t i v i t y  i s  e x pr e s s e d  a s  n m o l s  o f  N A D P H  o x i d i z e d  
pe r  m i n  pe r  m i l l i g r a m  pr o t e i n .  T h e  c o n t r o l  v a l u e  o f  g l u t a t h i o n e  pe r o x i d a s e  
w a s  1 6 9 ± 7 . 8 1 .   cp< 0 . 0 0 1  v s .  G r o u p-A .  dp< 0 . 0 1  v s .  G r o u p-B .   
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FIGURE 4 1  

 
Ef f e c t  o f  a d m i n i s t r a t i o n  o f  a l l y l  a l c o h o l  w i t h  o r  w i t h o u t  p r i o r  

a d m i n i s t r a t i o n  o f  Hemidesmus indicus o n  g l u t a t h i o n e  r e d u c t a s e  
a c t i v i t y  

 

 

Control-A
Ally l  a l c oh ol-B
H.indicus-C
Ally l  a l c oh ol+ H.indicus-D

 
 
V a l u e s  a r e  g i v e n  a s  pe r c e n t  c o n t r o l ,  a n d  a r e  m e a n  ±  S D  o f  a t l e a s t  f o u r  
a n i m a l s .  0 . 1 m g  o f  m i t o c h o n d r i a l  pr o t e i n  w a s  u s e d  f o r  e a c h  a s s a y .  
G l u t a t h i o n e  r e d u c t a s e  a c t i v i t y  i s  e x pr e s s e d  a s  n m o l s  o f  N A D P H  o x i d i z e d  
pe r  m i n  pe r  m i l l i g r a m  pr o t e i n .  T h e  c o n t r o l  v a l u e  o f  g l u t a t h i o n e  r e d u c t a s e  
w a s  7 4 . 6 ± 3 . 6 5 .  bp< 0 . 0 1  v s .  G r o u p-A .  cp< 0 . 0 0 1  v s .  G r o u p-A .  fp< 0 . 0 5  v s .  
G r o u p-B .  
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FIGURE 4 2  
 

Ef f e c t  o f  a d m i n i s t r a t i o n  o f  a l l y l  a l c o h o l  w i t h  o r  w i t h o u t  p r i o r  
a d m i n i s t r a t i o n  o f  Hemidesmus indicus o n  l e v e l s  o f  g l u t a t h i o n e  
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V a l u e s  a r e  m e a n  ±  S D  o f  a t l e a s t  f o u r  a n i m a l s .  G l u t a t h i o n e  l e v e l s  a r e  
e x pr e s s e d  a s  µ m o l e s  pe r  g  t i s s u e .  T h e  c o n t r o l  v a l u e s  o f  G S H ,  G S S G  a n d  
w e r e  6 . 7 7 ± 0 . 6 6 ,  0 . 5 3 2 ± 0 . 0 5 9  r e s pe c t i v e l y .  cp< 0 . 0 0 1  v s .  G r o u p-A .  
dp< 0 . 0 1  v s .  G r o u p-B .  fp< 0 . 0 5  v s .  G r o u p-B .  
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FIGURE 4 3 
 

Ef f e c t  o f  a d m i n i s t r a t i o n  o f  a l l y l  a l c o h o l  w i t h  o r  w i t h o u t  p r i o r  
a d m i n i s t r a t i o n  o f  Hemidesmus indicus o n  a l c o h o l  d e h y d r o g e n a s e  

a c t i v i t y  
 

 
V a l u e s  a r e  g i v e n  a s  pe r c e n t  c o n t r o l ,  a n d  a r e  m e a n  ±  S D  o f  a t l e a s t  f o u r  
a n i m a l s .  0 . 6 m g  pr o t e i n  o f  c y t o s o l  w a s  u s e d  f o r  e a c h  a s s a y .  A l c o h o l  
d e h y d r o g e n a s e  a c t i v i t y  i s  e x pr e s s e d  a s  µ m o l e s  o f  N A D H  f o r m e d / m i n / m g .  
T h e  c o n t r o l  v a l u e  o f  a l c o h o l  d e h y d r o g e n a s e  a c t i v i t y  w a s  1 9 . 6 ± 1 . 5 2 .   
ap< 0 . 0 5  v s .  G r o u p-A .  fp< 0 . 0 5  v s .  G r o u p-B .  
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FIGURE 4 4  
 

Ge l  f i l t r a t i o n  o f  c y t o s o l  f r o m  c o n t r o l  r a t  l i v e r  o n  s e p h a d e x  G-1 5 0  
c o l u m n  
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T h e  c o l u m n  w a s  pr e v i o u s l y  e q u i l i b r a t e d  w i t h  2 5 m M  T r i s -H c l ,  pH -8 . 0 .  S a m e  
b u f f e r  w a s  u s e d  a s  e l u e n t  a n d  5 . 0 m l  f r a c t i o n s  w e r e  c o l l e c t e d  a t  a  f l o w  r a t e  
o f  1 m l / m i n .  G S T  a c t i v i t y  w a s  m e a s u r e d  u s i n g  C D N B  a s  s u b s t r a t e  a n d  t h e  
pr o t e i n  w a s  m e a s u r e d  f r o m  a b s o r pt i o n  a t  2 8 0 n m .    

FIGURE 4 5  
 

GS H  a f f i n i t y  e l u t i o n  p a t t e r n  o f  c o n t r o l  l i v e r  GS T  
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A f f i n i t y  c h r o m a t o g r a ph y  o f  po o l e d  f r a c t i o n s  f r o m  g e l  f i l t r a t i o n  o f  c y t o s o l  
f r o m  c o n t r o l  r a t  l i v e r  o n  G S H  l i n k e d  e po x y  a c t i v a t e d  s e ph a r o s e  6 B .  T h e  
c o l u m n  w a s  w a s h e d  w i t h  1 0 m M  po t a s s i u m  ph o s ph a t e  b u f f e r  pH  7 . 0  
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c o n t a i n i n g  0 . 1 5 M  K C l .  T h i s  w a s  f o l l o w e d  b y  e l u t i o n  w i t h  5 0 m M  po t a s s i u m  
ph o s ph a t e  b u f f e r  pH  7 . 5  c o n t a i n i n g  1 0 m M  G S H  a n d  f r a c t i o n s  w e r e  
c o l l e c t e d  a t  a  f l o w  r a t e  o f  1 m l / m i n .  G S T  a c t i v i t y  w a s  m e a s u r e d  u s i n g  C D N B  
a s  s u b s t r a t e  a n d  t h e  pr o t e i n  w a s  m e a s u r e d  f r o m  a b s o r pt i o n  a t  2 8 0 n m .    
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FIGURE 4 6  
 

Ge l  f i l t r a t i o n  o f  c y t o s o l  f r o m  a l l y l  a l c o h o l  a d m i n i s t e r e d  r a t  l i v e r   
o n  S e p h a d e x  G-1 5 0  c o l u m n  
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T h e  c o l u m n  w a s  pr e v i o u s l y  e q u i l i b r a t e d  w i t h  2 5 m M  T r i s -H c l ,  pH -8 . 0 .  S a m e  
b u f f e r  w a s  u s e d  a s  e l u e n t  a n d  5 . 0 m l  f r a c t i o n s  w e r e  c o l l e c t e d  a t  a  f l o w  r a t e  
o f  1 m l / m i n .  G S T  a c t i v i t y  w a s  m e a s u r e d  u s i n g  C D N B  a s  s u b s t r a t e  a n d  t h e  
pr o t e i n  w a s  m e a s u r e d  f r o m  a b s o r pt i o n  a t  2 8 0 n m .    

FIGURE 4 7 
 

GS H  a f f i n i t y  e l u t i o n  p a t t e r n  o f  a l l y l  a l c o h o l  a d m i n i s t e r e d  l i v e r  GS T  
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A f f i n i t y  c h r o m a t o g r a ph y  o f  po o l e d  f r a c t i o n s  f r o m  g e l  f i l t r a t i o n  o f  c y t o s o l  
f r o m  a l l y l  a l c o h o l  a d m i n i s t e r e d  r a t  l i v e r  o n  G S H  l i n k e d  e po x y  a c t i v a t e d  
s e ph a r o s e  6 B .  T h e  c o l u m n  w a s  w a s h e d  w i t h  1 0 m M  po t a s s i u m  ph o s ph a t e  
b u f f e r  pH  7 . 0  c o n t a i n i n g  0 . 1 5 M  K C l .  T h i s  w a s  f o l l o w e d  b y  e l u t i o n  w i t h  
5 0 m M  po t a s s i u m  ph o s ph a t e  b u f f e r  pH  7 . 5  c o n t a i n i n g  1 0 m M  G S H  a n d  
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f r a c t i o n s  w e r e  c o l l e c t e d  a t  a  f l o w  r a t e  o f  1 m l / m i n .  G S T  a c t i v i t y  w a s  
m e a s u r e d  u s i n g  C D N B  a s  s u b s t r a t e  a n d  t h e  pr o t e i n  w a s  m e a s u r e d  f r o m  
a b s o r pt i o n  a t  2 8 0 n m .    
 
 

 
 

 
 

T A B L E 2  
 

T y p i c a l  p u r i f i c a t i o n  p r o f i l e  o f  a l l y l  a l c o h o l  t r e a t e d  r a t  l i v e r  
c y t o s o l i c  GS T  
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FIGURE 4 8  
 

Ge l  f i l t r a t i o n  o f  c y t o s o l  f r o m  a l l y l  a l c o h o l + H. indicus a d m i n i s t e r e d  
 r a t  l i v e r  o n  s e p h a d e x  G-1 5 0  c o l u m n  
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T h e  c o l u m n  w a s  pr e v i o u s l y  e q u i l i b r a t e d  w i t h  2 5 m M  T r i s -H c l ,  pH -8 . 0 .  S a m e  
b u f f e r  w a s  u s e d  a s  e l u e n t  a n d  5 . 0 m l  f r a c t i o n s  w e r e  c o l l e c t e d  a t  a  f l o w  r a t e  
o f  1 m l / m i n .  G S T  a c t i v i t y  w a s  m e a s u r e d  u s i n g  C D N B  a s  s u b s t r a t e  a n d  t h e  
pr o t e i n  w a s  m e a s u r e d  f r o m  a b s o r pt i o n  a t  2 8 0 n m .    
 

FIGURE 4 9  
 

GS H  a f f i n i t y  e l u t i o n  p a t t e r n  o f  a l l y l  a l c o h o l + H. indicus 
a d m i n i s t e r e d  r a t  l i v e r  GS T  
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A f f i n i t y  c h r o m a t o g r a ph y  o f  po o l e d  f r a c t i o n s  f r o m  g e l  f i l t r a t i o n  o f  l i v e r  
c y t o s o l  f r o m  r a t s  a d m i n i s t e r e d  w i t h  b o t h  a l l y l  a l c o h o l  a n d  H . i n d i c u s  o n  G S H  
l i n k e d  e po x y  a c t i v a t e d  s e ph a r o s e  6 B .  T h e  c o l u m n  w a s  w a s h e d  w i t h  1 0 m M  
po t a s s i u m  ph o s ph a t e  b u f f e r  pH  7 . 0  c o n t a i n i n g  0 . 1 5 M  K C l .  T h i s  w a s  
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f o l l o w e d  b y  e l u t i o n  w i t h  5 0 m M  po t a s s i u m  ph o s ph a t e  b u f f e r  pH  7 . 5  
c o n t a i n i n g  1 0 m M  G S H  a n d  1 . 0 m l  f r a c t i o n s  w e r e  c o l l e c t e d  a t  a  f l o w  r a t e  o f  
1 m l / m i n .  G S T  a c t i v i t y  w a s  m e a s u r e d  u s i n g  C D N B  a s  s u b s t r a t e  a n d  t h e  
pr o t e i n  w a s  m e a s u r e d  f r o m  a b s o r pt i o n  a t  2 8 0 n m .    
 
 

 
 
 

T A B L E 3 
 

T y p i c a l  p u r i f i c a t i o n  p r o f i l e  o f  a l l y l  a l c o h o l + H. indicus t r e a t e d  
r a t  l i v e r  c y t o s o l i c  GS T  
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FIGURE 5 0  
 

 

SDS-PAGE and westernblot of hepatic 
glutathione transferases

A- Shows SDS-PAGE of hepatic glutathione trans fer ases. 10µg of cr ude extrac t or  

1 µg of affinity purified cy tosolic GSTs wer e loaded on 12% r esolving gel.
B- Shows western blot of hepatic  glutathione transfer ases

1. Molecu lar  weight marker
2. Crude extract from control  rat liver   
3. Crude extract from allyl  alcohol treat ed rat liver
4. Crude extract from allyl  alcohol + H.indicus  treated

rat l iver.  
5. Affinity purified cytosolic GST from control rat liver
6. Affinity purified cytosolic GST from allyl alcohol treated  rat liver
7. Affinity purified cytosolic GST from allyl alcohol + H .indicus treat ed rat liver .
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                                                       FIGURE 5 1  
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                                              A              B           D  
 
i ,  i i  a n d  i i i  s h o w s  d e n s i t o m e t r i c  q u a n t i f i c a t i o n  o f  Y a ,  Y b  a n d  Y c  s u b u n i t s  o f  
G S T  i n  a r b i t a r y  u n i t s .   bp< 0 . 0 1  v s .  c o n t r o l  g r o u p.  D e n s i t o m e t e r  w a s  u s e d  
f o r  q u a n t i f i c a t i o n .  
A ,  B  a n d  D  a r e  a f f i n i t y  pu r i f i e d  G S T  s u b u n i t s  f r o m  c o n t r o l ,  a l l y l  a l c o h o l  
a d m i n i s t e r e d  a n d  a l l y l  a l c o h o l + H . i n d i c u s  a d m i n i s t e r e d  r a t  l i v e r  c y t o s o l .  
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FIGURE 5 2  
 

O r i g i n a l  t r a c e s  o f  ES R s i g n a l s  o f  D M P O -O H  a d d u c t s  u s i n g  g l u t a m a t e  
+  m a l a t e  a s  s u b s t r a t e  
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F o r  E S R  a n a l y s i s  m i t o pl a s t s  ( 1  m g  pr o t e i n )  w e r e  pl a c e d  i n  2 0 0 µ l  o f  b u f f e r   
( 2 3 0 m M  m a n n i t o l ,  7 0 m M  s u c r o s e ,  2 0 m M  T r i s -H C l ,  pH  a d j u s t e d  t o  7 . 4  w i t h  
M o ps )  i n  t h e  pr e s e n c e  o f  r e s pi r a t o r y  s u b s t r a t e s  g l u t a m a t e  ( 7 . 5 m M ) ,  
m a l a t e  ( 7 . 5 m M )  a n d  i n h i b i t o r s  l i k e  a n t i m y c i n  ( 1 µ g / m g  pr o t e i n ) .  D M P O 
( 1 6 0 m M )  w a s  a d d e d  a n d  t h e  E S R  s pe c t r a  w e r e  r e c o r d e d  o n  a  J E S -F A  2 0 0  
E S R  s pe c t r o m e t e r .  I n s t r u m e n t  s e t t i n g s  w e r e  a s  f o l l o w s :  m i c r o w a v e  po w e r ,  
2 0 m W ;  m i c r o w a v e  f r e q u e n c y ,  9 . 4 2  G H z ;  t i m e  c o n s t a n t ,  0 . 0 3 s e c ;  s c a n  
t i m e ,  4 m i n ;  s c a n  w i d t h ,  1 0 0 G .  
i ,  i i  a n d  i i i  s h o w s  o r i g i n a l  t r a c e s  o f  E S R  s i g n a l s  o f  r a t  l i v e r  m i t o pl a s t s  f r o m  
g r o u p-A  ( c o n t r o l ) ,  g r o u p-B  ( a l l y l  a l c o h o l  a d m i n i s t e r e d )  a n d  g r o u p-D  ( a l l y l  
a l c o h o l + H . i n d i c u s  a d m i n i s t e r e d )  i n  t h e  pr e s e n c e  o f  g l u t a m a t e  a n d  m a l a t e .  
    
i v  I t  i s  d u e  t o  t h e  a d d i t i o n  o f  s u pe r o x i d e  d i s m u t a s e  w h i c h  c o m pl e t e l y  
a b o l i s h e d  t h e  E S R  s i g n a l .   
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FIGURE 5 3 
 

S i g n a l  i n t e n s i t i e s  o f  D M P O -O H  a d d u c t s  i n  r a t  
l i v e r  m i t o p l a s t s  i n  t h e  p r e s e n c e  o f  g l u t a m a t e  a n d  m a l a t e  
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     I t  s h o w s  s i g n a l  i n t e n s i t i e s  o f  D M P O-OH  a d d u c t s  i n  r a t  l i v e r  m i t o pl a s t s  f r o m  
g r o u p-A  ( c o n t r o l ) ,  g r o u p-B  ( a l l y l  a l c o h o l  a d m i n i s t e r e d )  a n d  g r o u p-D  ( a l l y l  
a l c o h o l + H . i n d i c u s  a d m i n i s t e r e d )  i n  t h e  pr e s e n c e  o f  g l u t a m a t e  a n d  m a l a t e .  
bp< 0 . 0 1  v s .  c o n t r o l  G r o u p.  

FIGURE 5 4  
 

S i g n a l  i n t e n s i t y  o f  D M P O -O H  a d d u c t  i n  r a t  l i v e r  
m i t o p l a s t s  i n  t h e  p r e s e n c e  o f  g l u t a m a t e ,  m a l a t e  a n d  a n t i m y c i n  
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     I t  s h o w s  s i g n a l  i n t e n s i t i e s  o f  D M P O-OH  a d d u c t s  i n  r a t  l i v e r  m i t o pl a s t s  f r o m  

g r o u p-A  ( c o n t r o l ) ,  g r o u p-B  ( a l l y l  a l c o h o l  a d m i n i s t e r e d )  a n d  g r o u p-D  ( a l l y l  
a l c o h o l + H . i n d i c u s  a d m i n i s t e r e d )  i n  t h e  pr e s e n c e  o f  a n t i m y c i n ,  g l u t a m a t e  
a n d  m a l a t e .  T h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e .  
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FIGURE 5 5  
 

S i g n a l  i n t e n s i t i e s  o f  D M P O -O H  a d d u c t s  i n  r a t  
l i v e r  m i t o p l a s t s  i n  t h e  p r e s e n c e  o f  s u c c i n a t e  
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I t  s h o w s  s i g n a l  i n t e n s i t i e s  o f  D M P O-OH  a d d u c t s  i n  r a t  l i v e r  m i t o pl a s t s  f r o m  
g r o u p-A  ( c o n t r o l ) ,  g r o u p-B  ( a l l y l  a l c o h o l  a d m i n i s t e r e d )  a n d  g r o u p-D  ( a l l y l  
a l c o h o l + H . i n d i c u s  a d m i n i s t e r e d )  i n  t h e  pr e s e n c e  o f  s u c c i n a t e  ( 7 . 5 m M ) .  
T h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e .  

 
FIGURE 5 6  

 
S i g n a l  i n t e n s i t y  o f  D M P O -O H  a d d u c t  i n  r a t  l i v e r  

m i t o p l a s t s  i n  t h e  p r e s e n c e  o f  s u c c i n a t e  a n d  a n t i m y c i n  
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I t  s h o w s  s i g n a l  i n t e n s i t i e s  o f  D M P O-OH  a d d u c t s  i n  r a t  l i v e r  m i t o pl a s t s  f r o m  
g r o u p-A  ( c o n t r o l ) ,  g r o u p-B  ( a l l y l  a l c o h o l  a d m i n i s t e r e d )  a n d  g r o u p-D  ( a l l y l  
a l c o h o l + H . i n d i c u s  a d m i n i s t e r e d )  i n  t h e  pr e s e n c e  o f  s u c c i n a t e  ( 7 . 5 m M )  a n d  
a n t i m y c i n  ( 1 µ g / m g  pr o t e i n ) .  T h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e .  



 97 

Figure 57 i) 
 

H is t o l o gy  o f  c o n t ro l  ra t  l iv er. I t  s h o w s  n o rm a l  
h ep a t ic  c el l  a rc h it ec t ure s h o w in g c en t ra l  v ein . 

 
 

 

 

  Figure 57 ii)  
 

   H is t o l o gy  o f  ra t  l iv er t rea t ed  w it h  a l l y l  a l c o h o l . 
          I t  s h o w s  m a rk ed  d egen era t iv e c h a n ges  a n d  m il d  

 f a t t y  c h a n ges . 
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.    Figure 58  i) 
 

H is t o l o gy  o f  l iv er t rea t ed  w it h  o n l y  Hemidesmus in dic us 
I t  s h o w s  n o rm a l  h ep a t ic  c el l s  a rc h it ec t ure. 

 

 

 
 
 

Figure 58  ii) 
 

   H is t o l o gy  o f  ra t  l iv er t rea t ed  w it h  b o t h  Hemidesmus 
in dic us a n d  a l l y l  a l c o h o l . I t  s h o w s  m il d  d egen era t iv e 
c h a n ges  a n d  m il d  d ia l a t io n  o f  s in us o id a l  s p a c es . 
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Figure 59  i) 
 

H is t o l o gy  o f  ra t  l iv er t rea t ed  w it h  o n l y  P h y l l a n t h us 
f r a t er n us.  I t  s h o w s  n o rm a l  h ep a t ic  c el l s  a rc h it ec t ure. 

 
 

 

 

 

Figure 59  ii)  
          

H is t o l o gy  o f  ra t  l iv er t rea t ed  w it h  b o t h  P h y l l a n t h us 
f r a t er n us a n d  a l l y l  a l c o h o l . I t  s h o w s  m il d  d egen era t iv e                  

c h a n ges . 
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In recent years, there has been a worldwide trend towards the use of the 
natural p hytochem icals p resent in berry crop s, teas, herbs, oilseeds, 
beans, fruits and veg etables (K itts et al., 2 0 0 0 ; L ee and Shibam oto, 2 0 0 0 ). 
F ree radicals, from  both endog enous and ex og enous sources, are 
im p licated in the etiolog y of several deg enerative diseases, such as 
coronary artery disease, strok e, rheum atoid arthritis, diabetes and cancer 
(Halliwell et al., 1 9 9 2 ). Hig h consum p tion of fruits and veg etables is 
associated with low risk  for these diseases, which is attributed to the 
antiox idant vitam ins and other p hytochem icals (A m es et al., 1 9 9 3; P rior, 
2 0 0 3; W eisburg er, 1 9 9 9 ). There is a g reat deal of interest in edible p lants 
that contain antiox idants and health p rom oting  p hytochem icals.  
 

        It was rep orted earlier from  our laboratory that m itochondrial dysfunction 
caused by the adm inistration of alcohol (Sebastian and Setty, 1 9 9 9 ) or 
thioacetam ide (P adm a and Setty, 1 9 9 7 ) or carbon tetra chloride (P adm a 
and Setty, 1 9 9 9 ) could be p revented by p rior adm inistration of aq ueous 
ex tract of P.fraternus. This study m ainly involved on m itochondrial function 
and lip id p erox idation. Hep atotox ins lik e alcohol, carbon tetra chloride, 
thioacetam ide and allyl alcohol induce tox icity and the m echanism  by 
which they induce is different for each ag ent. F or ex am p le:  alcohol is 
k nown to induce R O S by decreasing  the ox idation rates by electron 
transp ort chain and also it dep letes SH g roup s. C arbon tetra chloride is 
converted to tri chloro m ethyl radical which is resp onsible for 
hep atotox icity. A llyl alcohol used in this study is k nown to dep lete GSH and 
induces ox idative stress. The m echanism  by which the adm inistration of 
p lant ex tracts (P.fraternus or H .i nd i c us) p rotect ag ainst ox idative stress is 
the im p ortant asp ect of this study. 

 
In m itochondria, the resp iratory chain is stoichiom etrically related to that 
of A TP  synthesis (P oz z an et al., 1 9 7 9 ). If the reducing  substrate is 
g lutam ate or m alate 3m ol of A TP  p er p air of electrons are synthesiz ed. If 
the substrate is succinate 2 m ol of A TP  are synthesiz ed. N A D H ox idase 
which uses the electron carriers of all three sites of electron transp ort 
chain was inhibited (fig -1  and 2 9 ) in allyl alcohol adm inistered rats. This 
indicates that there is an inhibition in the transfer of electrons throug h 
electron transp ort chain. R C R  and P / O  were also sig nificantly decreased by 
the adm inistration of allyl alcohol. A dm inistration of the ex tract of 
P.fraternus or H .i nd i c us p rior to allyl alcohol relieved the inhibition 
sig nificantly on N A D H ox idase, R C R  and P / O  (fig -1  and 2 9 ). Succinate 
ox idase which uses the electron carriers of site 2  and site 3 of electron 
transp ort chain was sig nificantly inhibited (fig -2  and 30 ) in allyl alcohol 
adm inistered rats. R C R  and P / O  were also sig nificantly decreased by the 
adm inistration of allyl alcohol (fig -2  and 30 ) showing  that m itochondria are 
uncoup led. U ncoup ling  of m itochondria norm ally stim ulates resp iration, but 
in this case (using  g lutam ate+ m alate or succinate as substrates) an 
inhibition rather than stim ulation is seen in the rate of resp iration. This 
clearly indicated that there are block s/ inhibition in electron transp ort chain 
for the transfer of electrons due to the adm inistration of allyl alcohol. The 
block / inhibition could be due to a lim itation in the availability of functional 
electron carriers. Intrap eritoneal inj ection of allyl alcohol to rats dep ressed 
state-3 resp iration (J acobs et al., 1 9 8 7 ). A dm inistration of P.fraternus or 
H .i nd i c us p rior to allyl alcohol p rovided sig nificant p rotection of 7 2  and 
5 3%  resp ectively with g lutam ate+ m alate as substrate (fig -1  and 2 9 ) and 
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7 7  and 6 1 %  resp ectively with succinate as substrate (fig -2  and 30 ). The 
m itochondrial resp iration is tig htly coup led to ox idative p hosp horylation in 
intact cells of norm al tissues (Tz ag oloff and M eyers, 1 9 8 6 ). Tig htly coup led 
m itochondria always have hig h R C R  and P / O  ratio. D ecreased R C R  and P / O  
ratio indicate the dam ag e of m itochondrial m em brane, there by rendering  
the m em brane leak y to the ions and other biom olecules that leads to 
uncoup ling  of m itochondria. Increased p erm eability of the m itochondrial 
m em brane leads to uncoup ling  of ox idative p hosp horylation (Soussi et al., 
1 9 9 0 ). In isolated liver m itochondria fatty acid hydrop erox ides, 
interm ediate p roducts of lip id p erox idation (L P O ) cause p erm eability 
chang es in the m itochondria leading  to an uncoup ling  of ox idative 
p hosp horylation (M asini et al., 1 9 9 4). 
 
M easurem ent of M D A  (secondary p roduct of lip id p erox idation), a useful 
m ethod for determ ination of lip id p erox idation p roducts  (Sawick i et al., 
1 9 6 3; P lacer et al., 1 9 6 6 ) showed a sig nificant increase in both liver 
hom og enate and m itochondria by allyl alcohol adm inistration. L ip id 
p erox idation is a free radical p henom enon and induces a series of 
alterations in the structure and function of cellular m em branes. P rior 
adm inistration of P.fraternus or H .i nd i c us broug ht down the lip id p erox ide 
level in rats adm inistered with allyl alcohol (fig -6  and 34). 
 
M em brane lip id p erox idation is an im p ortant p athop hysiolog ical event in a 
variety of diseases and stress conditions. L ip id p erox idation (L P O ) results 
in a cascade of deg enerative p rocess from  m em brane denaturation to 
tissue dam ag e. B iolog ical m em branes that are rich in p oly unsaturated 
fatty acids are hig hly suscep tible to free radical catalysed ox idation 
reactions. L ip id p erox idation has been dem onstrated to occur in isolated 
m itochondria, lysosom es and m icrosom es (Tap p el, 1 9 7 2 ). In m itochondria 
about 9 0 %  of the fatty acids in the p hosp holip ids are P U F A s, p resent 
m ainly in p hosp hotidyl choline and P hosp hotidyl ethanolam ine, which 
account for ap p rox im ately 8 0 %  of the total p hosp holip ids and are 
suscep tible to lip id p erox idation (D aum , 1 9 8 5 ). The cell is eq uip p ed with 
an im p ressive set of system  for p rotecting  the integ rity of the m em brane 
by having  antiox idants and antiox idant enz ym es to scaveng e free radicals. 
Vitam in E  is the m aj or natural lip op hilic antiox idant in the m em branes. 
However, under p atholog ical conditions these system s can be overwhelm ed 
and non-tox ic drug s would be req uired for p reventing  the deleterious 
effects of lip id p erox idation. In the p resent study the two ex tracts 
(P.fraternus or H .i nd i c us) showed that they have g ood p otential to p rotect 
the m em branes ag ainst lip id p erox idation (fig -6  and 34). A dm inistration of 
the aq ueous ex tract of the P.fraternus sig nificantly decreased the 
thioacetam ide (P adm a and Setty, 1 9 9 7 ) or carbon tetra chloride (P adm a 
and Setty, 1 9 9 9 ) induced lip id p erox idation i n v i v o  and p rotected the liver 
from  the hep atotox in induced tox icity. 
 
Transam inases are used as m ark er enz ym es of liver dam ag e. A sp artate 
am inotransferase m ediates the reversible transfer of α-am inog roup  from  
asp artate to α-k etog lutarate resulting  in the p roduction of g lutam ate and 
ox aloacetate. A lanine am ino transferase m ediates the transfer of α-am ino 
g roup  from  alanine to α-k etog lutarate form ing  p yruvate and g lutam ate. 
A dm inistration of allyl alcohol resulted in a sig nificant decrease in the 
activities of these enz ym es in the liver (fig -3 and 31 ). This decrease is 
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p robably due to the leak ag e of the enz ym es from  liver into the 
ex tracellular com p artm ent. If this ex tracellular com p artm ent is in dynam ic 
ex chang e with the blood, then the enz ym e activities will increase in blood 
(M uk herj ee, 1 9 9 0 ). It was observed that on adm inistration of allyl alcohol 
the levels of these enz ym es were increased in the serum  (fig -4 and 32 ). 
This is p robably due to the leak ag e of enz ym es from  the liver cell due to 
the tox icity induced by the adm inistration of allyl alcohol. P rior 
adm inistration of the p lant ex tracts (P.fraternus or H .i nd i c us) along  with 
allyl alcohol ex erted sig nificant p rotection ag ainst the liver tox icity induced 
by allyl alcohol (fig -3, 4, 31  and 32 ). 
 
M em brane p otential is the m ain com p onent of the p roton m otive force 
(M itchell and M oyle, 1 9 6 9 ) and has sig nificant control over m itochondrial 
resp iration (B rand, 1 9 9 0 a, 1 9 9 0 b; M urp hy, 1 9 9 0 ). It is a sensitive index  of 
the integ rity of m itochondrial m em branes and altered by chang es in 
p rotein and lip id com p osition (Hoch, 1 9 8 8 ; Hafner et al., 1 9 8 8 ; M urp hy, 
1 9 9 0 ). M em brane p otential was decreased in allyl alcohol adm inistered 
rats (fig -5  and 33). U nder norm al conditions, the transfer of electrons 
throug h the resp iratory chain leads to the vectorial translocation of p rotons 
from  the m atrix  to the cytosolic side. A ny chang es in the g eneration of 
p roton g radient will have adverse effects on m itochondrial eneg y 
p roduction, in p articular on A TP  synthesis, because this p roton g radient is 
the driving  force for the form ation of A TP  from  A D P . The p resent study 
shows that the driving  force for A TP  synthesis decreases sig nificantly by 
the adm inistration of allyl alcohol and p rior adm inistration of P.fraternus or 
H.i nd i c us could p rotect the m em branes and raised the m em brane p otential 
sig nificantly (fig -5  and 33). This data also sug g est that allyl alcohol 
disrup ts the integ rity of m itochondrial m em branes and p rior adm inistration 
of p lant ex tracts could p rotect the integ rity of these m em branes. The 
decreased P / O  ratio due to allyl alcohol adm inistration (fig -1 , 2 , 2 9  and 30 ) 
could be p artly due to decreased driving  force i.e m em brane p otential. 
 
A llyl alcohol is m etaboliz ed by cytosolic alcohol dehydrog enase to acrolein, 
an unsaturated aldehyde (R ees and Tarlow, 1 9 6 7 ). A lcohol dehydrog enase 
activity is increased in alllyl alcohol adm inistered rats which indicates the 
form ation of m ore am ount of acrolein. A crolein is a p owerful electrop hile 
and reacts with nucleop hiles, such as sulfhydryl g roup s. The thiol g roup  of 
g lutathione is a favored targ et and so g lutathione is p rim arily involved in 
the reaction which leads to GSH dep letion.  The reaction is m ark edly 
accelerated by the activity of cytosolic g lutathione S-transferase. The 
nucleop hilic g lutathione is an im p ortant p rotective factor of hep atic cells in 
the detox ification of acrolein. That the alk ylation of nucleop hilic g roup s of 
cellular m acrom olecules affected by acrolein after g lutathione dep letion is 
the event that actually leads to cell inj ury (O hno et al., 1 9 8 5 ). Increased 
activity of alcohol dehydrog enase that occurs due to the adm inistration of 
allyl alcohol (fig -1 5  and 43) leads to the g eneration of m ore acrolein and 
thus dep letes GSH at faster rate and leads to ox idative stress. The 
adm inistration of the p lant ex tracts (P.fraternus or H .i nd i c us) sig nificantly 
decreased (fig -1 5  and 43) the alcohol dehydrog enase activity which leads 
to less acrolein and dep letes GSH slowly and induce less ox idative stress. 
This p artly ex p lain the p rotective effect of p lant ex tracts ag ainst the 
ox idative stress induced by allyl alcohol.      
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The carbonyl content is sig nificantly increased (1 1 8 % ) due to the 
adm inistration of allyl alcohol (fig -7  and 35 ). Typ ically, cellular nucleop hiles 
targ et acrolein’ s β -carbon, g enerating  carbonyl-retaining  adducts 
(E sterbauer et al ., 1 9 9 1 ; U chida et al ., 1 9 9 8 b; B urcham  and F ontaine, 
2 0 0 1 ). The reactive carbonyl m ay then react with neig hboring  nucleop hiles 
to form  inter or intram olecular cross-link s (E sterbauer et al ., 1 9 9 1 ; 
P erm ana and Snap k a, 1 9 9 4; K urtz  and L loyd, 2 0 0 3). D uring  reactions with 
p rotein, acrolein readily carbonylates lysine, cysteine and histidine side 
chains. It is shown that lysine m odification involves seq uential addition of 
two acrolein m olecules to a g iven residue, followed by ring  fusion and 
dehydration to form  a six -m em bered heterocycle, N-(3-form yl-3,4-
dehydrop ip eridino) lysine (F D P -lysine). There is increasing  evidence for an 
involvem ent of tox ic carbonyls in num ber of hum an diseases C aling asan et 
al ., 1 9 9 9 ; Tanak a et al ., 2 0 0 1 ). The p rior adm inistration of aq ueous 
ex tract of P. fraternus or  H .i nd i c us offered p rotection of 9 9  and 44%  on 
carbonyl content resp ectively (fig -7  and 35 ) and p revented the sig nificant 
increase due to the adm inistration of allyl alcohol. 
 
O x idants, inhibitors of enz ym es containing  an iron-sulfur center, free 
radicals and other reactive sp ecies cause the ox idation of biom olecules 
(e.g ., p rotein, am ino acids, lip id, and D N A ), which leads to cell inj ury and 
death (M cC ord, 2 0 0 0 ; F reidovich, 1 9 9 9 ). F ollowing  initiation of lip id 
p erox idation, p rotein thiols of the m em brane can be attack ed by lip id 
derived radicals or reactive, lip id soluble aldehydes lik e 4-hydrox y nonenol 
and other hydrox yl alk enals orig inated within the lip id core of the cell 
m em branes This results in a m em brane p rotein thiol loss which in turn is 
associated with the develop m ent of hep ato cellular inj ury (P om p ella et al., 
1 9 9 1 ). Sig nificant decrease on the total sulp hydryl g roup s due to the 
adm inistration of allyl alcohol was p rotected to an ex tent of 5 9  and 7 0 %  
(fig -8  and 36 ) by p rior adm inistration of aq ueous ex tract of P. fraternus or 
H .i nd i c us resp ectively. 
 
O x idative stress is associated with increased form ation of R O S that 
m odifies p hosp holip ids and p roteins leading  to p erox idation and ox idation 
of thiol g roup s (M olavi &  M ehta, 2 0 0 4). The assaults by R O S lead to 
chang es in m em brane p erm eability, m em brane lip id bilayer disrup tion and 
functional m odification of various cellular p roteins. 
 
Sup erox ide is g enerated from  O 2 by m ultip le p athways (Gilbert, 2 0 0 0 ; 
F reidovich, 1 9 9 9 ; W u and M orris, 1 9 9 8 ; E vans and Halliwell, 2 0 0 1 ). U nder 
p hysiolog ical conditions, there is a well-m anag ed balance between 
form ation and neutraliz ation of R O S. O x idative stress can occur when R O S 
p roduction is accelerated or when the m echanism s involved in scaveng ing  
R O S are im p aired. Increased p roduction of R O S is thoug ht to occur m ore 
freq uently than dim nished antiox idant defence, and is p ostulated to p lay a 
role in the p athog enesis of several diseases (Halliwell and Gutteridg e, 
1 9 9 9 ). E p inep hrine is converted to adrenochrom e by sup erox ide and using  
this p rincip le, the adrenochrom e can be followed sp ectrop hotom etrically 
and thus sup erox ide level can be estim ated. The p rior adm inistration of 
aq ueous ex tract of P. fraternus or  H .i nd i c us offered p rotection of 5 3 and 
5 1 %  resp ectively on sup erox ide level (fig -9  and 37 ) and p revented the 
sig nificant increase due to the adm inistration of allyl alcohol. 
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E SR  sp in trap p ing  offer sensitive m ethod for sup erox ide determ ination. 
Sp in trap  is a com p ound which form s a stable free radical by reacting  
covalently with an unstable radical. Thus the radical trap p ed in a long -lived 
form  which can be observed at room  tem p erature using  E SR . The hyp erfine 
sp litting  of the adduct p rovides inform ation which can aid in the 
identification of the radical. The addition of g lutam ate and m alate resulted 
in a low intensity E SR  sig nal characterstic of the D M P O -O H sp in adduct 
(q uartet sig nal with intensity ratios of 1 : 2 : 2 : 1 ). The D M P O -O H sig nal is 
form ed by sp ontaneous decay of the D M P O -sup erox ide adduct (D M P O -
O O H) in m itop lasts. Healthy m itochondria under norm al conditions will not 
g enerate detectable free radicals coup led to substrate ox idation. The m aj or 
sites in the electron transp ort chain for the g eneration of free radicals are 
com p lex  I and com p lex  III. The electron transp ort chain is to be inhibited 
with suitable inhibitors to see the m ax im um  cap acity of electron transp ort 
chain to g enerate free radicals. Inhibition in the flow of electrons will force 
them  to g o on to ox yg en to g enerate sup erox ide. This p rocess is m inim um  
when electrons are flowing  freely throug h the electron transp ort chain. 
W hen electron transp ort chain is inhibited by an inhibitor of com p lex  3 
(eg : - antim ycin), m ax im um  am ount of free radicals are g enerated and now 
one cannot see the difference between the norm al m itochondria and 
m itochondria that have block s in the electron transp ort chain due to 
ex p erim ental treatm ent. F ig  2 5 , 2 6 , 5 3 and 5 4 shows the E SR  sig nal 
intensities of g roup -A  (control), g roup -B  (allyl alcohol adm inistered) and 
g roup -D  (allyl alcohol+ p lant ex tract adm inistered). The chang e in the 
sig nal intensities of these 3 g roup s is not statistically sig nificant in the 
p resence of antim ycin. W hen the sam e ex p erim ent was done in the 
absence of antim ycin, the E SR  sig nal intensity was statistically increased 
due to the adm inistration of allyl alcohol (fig  2 5  and 5 3) and there was a 
sig nificant p rotection (47  and 5 7 % ) due to the p rior adm inistration of 
P.fraternus or H .i nd i c us. This shows that there is a sig nificant block  in the 
electron transp ort chain in g roup -B  (allyl alcohol adm inistered) which was 
resp onsible for g eneration of hig h am ount of sup erox ide com p ared to 
g roup -A  (control). W hen succinate was used as a substrate there was no 
statistically sig nificant difference in E SR  sig nal intensities due to the 
adm inistration of allyl alcohol when com p ared with control, even in the 
p resence (fig  5 4) or absence of antim ycin (F ig -5 5 ). This dem onstrates that 
there is no sig nificant block  in electron transp ort chain from  succinate to 
ox yg en for the g eneration of ex cess of free radicals. These results clearly 
indicate that the block  is at site 1  and the sig nificant am ount of sup erox ide 
that is g enerated due to the adm inistration of allyl alcohol is from  com p lex  
I. A ddition of SO D , abolishes the E SR  sig nal com p letely, showing  that the 
sup erox ide is the source for hydrox yl radical (fig  2 4 iv and 5 2  iv). In 
cong estive heart failure m itochondria p roduce m ore sup erox ide than 
norm al m itochondria in the p resence of N A D H but not succinate showing  
that and that com p lex  I is the p redom inant source of such sup erox ide 
p roduction (Idle et al., 1 9 9 9 ). 
 
The p rotective roles of g lutathione ag ainst ox idative stress are (M asella et 
al., 2 0 0 5 ):  (i) g lutathione is a cofactor of several detox ifying  enz ym es 
ag ainst ox idative stress, e.g . g lutathione p erox idase (GSHP x ), g lutathione 
transferase etc.  (ii) GSH p articip ates in am ino acid transp ort throug h the 
p lasm a m em brane; (iii) GSH scaveng es hydrox yl radical and sing let 
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ox yg en directly, detox ifies hydrog en p erox ide and lip id p erox ides by the 
catalytic action of g lutathione p erox idase; (iv) g lutathione reg enerates 
vitam ins C  and E , back  to their active form s (g lutathione can reduce the 
tocop herol radical of Vitam in E  directly, or indirectly, v i a reduction of 
sem idehydroascorbate to ascorbate). 
 
U nder conditions of enhanced ox idative stress, GSH content decreases, this 
in turn increases the content of p rotein m ix ed disulp hides. A  sig nificant 
num ber of p roteins involved in sig naling  have critical thiols, such as 
recep tors, p rotein k inases and som e transcrip tion factors can be altered in 
their function by form ation of m ix ed disulp hides. A crolein form ed from  allyl 
alcohol (M iccadei et al., 1 9 8 8 ) p roduces an abrup t dep letion of GSH which 
leads to lip id p erox idation and cell death. In the p resent study GSH levels 
were sig nificantly decreased due to the adm inistration of allyl alcohol (fig  
1 4 and 42 ). P rior adm inistration of p lant ex tracts (P.fraternus or H .i nd i c us) 
sig nificantly increased the GSH levels. 
 
A dm inistration of P.fraternus or  H .i nd i c us p rom oted the conversion of 
GSSG (ox idised g lutathione) into GSH (fig  1 4 and 42 ) by the reactivation 
of hep atic g lutathione reductase enz ym e in allyl alcohol-adm inistered rats. 
The availability of sufficient am ount of GSH thus increased the 
detox ification of active m etabolites of allyl alcohol throug h the involvem ent 
of g lutathione p erox idase. The restoration of GSH level after the 
enduration of the p lant ex tracts to such allyl alcohol-treated rats account 
for the p rotective efficacy of the ex tract. 
 
A ntiox idant enz ym es lik e sup erox ide dism utase, catalase and g lutathione 
p erox idase are im p ortant as p art of an org anism ’ s defence m echanism s 
ag ainst free radical p roduction and the dam ag e by these m olecules (W isp e 
et al., 1 9 9 2 ; R othstein et al., 1 9 9 4; K eyer and Im lay et al, 1 9 9 6 ). D ue to 
the defensive roles of these enz ym es, the p otential for antiox idant enz ym e 
therap y is becom ing  m ore and m ore im p ortant in num ber of diseases. 
 
P resum ably, a decrease in catalase activity could be attributed to cross-
link ing  and inactivation of the enz ym e p rotein in the lip id p erox ides. 
D ecreased catalase activity is link ed up  to ex haustion of the enz ym e as a 
result of ox idative stress caused by allyl alcohol. In the p resent study 
catalase activity was sig nificantly decreased due to the adm inistration of 
allyl alcohol (fig  1 0  and 38 ). P rior adm inistration of p lant ex tracts 
(P.fraternus or H .i nd i c us) p rovided sig nificant p rotection (fig  1 0  and 38 ). 
The catalase activity was restored to norm al after treatm ent with ex tracts 
evidently shows the antiox idant p rop erty of the ex tracts ag ainst ox yg en 
free radicals. H . i nd i c us reversed cum ene hydrop erox ide-m ediated 
inhibition of the activities of antiox idant enz ym es such as catalase, 
g lutathione p erox idase and g lutathione reductase. Thus H .i nd i c us 
dim inishes cum ene hydrop erox ide-induced cutaneous ox idative stress, 
which p lays an im p ortant role in tum or p rom otion (Sultana et al., 2 0 0 3). 
The ex act m echanism  by which H .i nd i c us ex hibits antiox idative activity in 
allyl alcohol induced tox icity is not well k nown, althoug h this evidence 
sug g ests its action and efficacy in intercep tion of the free radicals and 
p rotection of cellular m acrom olecule from  ox idant dam ag e. GSH m ay be 
dep leted either by a conj ug ation reaction with electrop hiles or by inhibition 
of GSH reg eneration from  the ox idiz ed g lutathione and/ or its biosynthesis. 
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The increased GSH (allyl alcohol+ p lant ex tract)) associated with 
g lutathione p erox idase m ig ht help  in reducing  the form ation of 
p erox idative stress as observed by the decrease in M D A  due to the 
adm inistration of these p lant ex tracts. Treatm ent with allyl alcohol dep letes 
selenium -dep endent g lutathione p erox idase, an enz ym e resp onsible for 
detox ifying  ox yg en derived tox ic sp ecies. Glutathione p erox idase catalyz es 
the reduction of hydrog en p erox ide and org anic hydrop erox ides by using  
GSH. GSSG derived from  g lutathione p erox idase activity is then reduced to 
GSH by the reaction catalyz ed by g lutathione reductase. Glutathione 
p erox idase activity was sig nificantly decreased due to the adm inistration of 
allyl alcohol (fig  1 2  and 40 ). Gutathione reductase activity was also 
sig nificantly decreased due to the adm inistration of allyl alcohol (fig  1 3 and 
41 ). In the p resent study, decreased g lutathione p erox idase and 
g lutathione reductase activities m ay be due to the low level of GSH in allyl 
alcohol treated rats. P rior adm inistration of p lant ex tracts (P.fraternus or 
H .i nd i c us) p rovided sig nificant p rotection on g lutathione p erox idase activity 
(fig  1 2  and 40 ) and g lutathione reductase activity (fig  1 3 and 41 ). 
A lthoug h g lutathione p erox idase is a relatively stable enz ym e, it has been 
rep orted that g lutathione p erox idase m ay be inactivated under conditions 
of severe ox idative stress [ C ondell and Tap p el, 1 9 8 3] .  
 
In the p resent study sup erox ide dism utase activity was sig nificantly 
decreased due to the adm inistration of allyl alcohol. P rior adm inistration of 
p lant ex tracts (P.fraternus or H .i nd i c us) p rovided sig nificant increase in 
SO D  activity when com p ared to rats adm inistered only allyl alcohol (fig  1 1  
and 39 ).  
 
Studies on the overex p ression of C u,Z n SO D  which occurs as a result of 
the trisom y in D own’ s syndrom e sug g est a role of this enz ym e in the 
neurop atholog y of the disease (Iannello et al., 1 9 9 9 ). Studies on end stag e 
heart failure have shown that up reg ulation of m yocardial catalase ap p ears 
to be a com p ensatory resp onse to the increased ox idative stress, althoug h 
the other k ey antiox idant enz ym es, SO D  and g lutathione p erox idase are 
not up reg ulated (D ieterich et al., 2 0 0 0 ). Various stress factors m ay alter 
the levels of antiox idant enz ym e ex p ression in tissues (Sen and P ack er, 
1 9 9 6 ; A llen and Tresini, 2 0 0 0 ; O tieno et al., 2 0 0 0 ).C oordinated ex p ression 
of antiox idant enz ym es does not necessarily occur in resp onse to stim uli 
(M a and J ohnson, 1 9 9 9 ; R ohrdanz  et al., 2 0 0 0 ; W ilson and J ohnson, 
2 0 0 0 ). Transcrip tional reg ulation ap p ears to be the m ost com m on form  of 
reg ulation over antiox idant enz ym e ex p ression (Harris., 1 9 9 2 ; N anj i et al., 
1 9 9 5 ), and there is ex tensive investig ation on g enetic elem ents and 
m echanism s which are resp onsible for transcrip tional reg ulation of 
antiox idant enz ym e g ene ex p ression. The redox  state p robably p lays a 
sig nificant role in the ex p ression of M n-SO D  activity in m itochondria 
(W rig ht and R eichenbeck er., 1 9 9 9 ). 
 
It has beeen rep orted that ox idative stress m odifies M n SO D , C u,Z n SO D  
and g lutathione reductase g ene ex p ression at the transcrip tion, p ost-
transcrip tional translational and p ost-traslational levels(C ryne et al., 2 0 0 3). 
It is rep orted that m enadione-induced ox idative stress not only decreases 
translational efficiency for C u,Z n SO D  but also increases the p roteolysis 
rate(C ryne et al., 2 0 0 3). C ellular inj ury from  R O S has been im p licated in 
the develop m ent and p rog ression of several diseases. Increases in the 
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levels of R O S during  p eriods of ox idative stress, are detected by redox -
sensitive reg ulatory m olecules in the cell and trig g er a hom eostatic 
resp onse to p revent cellular inj ury called the ox idative stress resp onse 
(C am hi et al., 1 9 9 5 ). Included in the cellular ox idative stress resp onse is 
the reg ulation of antiox idant enz ym es g ene ex p ression, leading  to 
increased antiox idant enz ym es activities and, therefore, to a faster 
rem oval of the ox idants by the cell, p rotecting  the cell ag ainst ox idative 
stress (Shull et., 1 9 9 1 ; Ho et al., 1 9 9 6 ; R ohardanz  and K ahl, 1 9 9 8 ; F ranco 
et al., 1 9 9 9 ). However, the cell resp onse has a com p lex  reg ulation and an 
increase in antiox idant enz ym es m R N A s during  ox idative stress do not 
always correlate with increased activities or p rotein content of these 
enz ym es in m am m alian cells and tissues (Ho et al., 1 9 9 6 ; R ohardanz  and 
K ahl, 1 9 9 8 ; F ranco et al., 1 9 9 9 , C lerch et al., 1 9 9 8 ; J ack son et al., 1 9 9 8 ). 
 
Som e studies on the effect of ox idative stress in m am m alian cells have 
found increases in the activities of antiox idant enz ym es and p rotein level 
that follow increases in m R N A  level (Shull et., 1 9 9 1 ; Ho et al., 1 9 9 6 ; 
R ohardanz  and K ahl, 1 9 9 8 ; F ranco et al., 1 9 9 9 ; C lerch et al., 1 9 9 8 ; 
J ack son et al., 1 9 9 8 ; Y oshiok a et al., 1 9 9 4). However there are other 
studies with m am m alian cells and tissues that show no correlation between 
the increase found in antiox idant enz ym e m R N A  and activities or p rotein 
content of these under ox idative stress. It is sug g ested that there is a 
translational block  for the synthesis of these enz ym es during  ox idative 
stress (Ho et al., 1 9 9 6 ; R ohardanz  and K ahl, 1 9 9 8 ; F ranco et al., 1 9 9 9 ; 
C lerch et al., 1 9 9 8 ; J ack son et al., 1 9 9 8 ). The increase in m R N A  levels 
found during  ox idative stress m ay occur to com p ensate for the decrease of 
translational efficiency and to m aintain the p rotein levels and enz ym e 
activities. 
 
Thus, allyl alcohol not only increases free radical p roduction in the liver, 
but also decreases its ability to detox ify reactive ox yg en sp ecies. P ossible 
reasons for the decreased SO D  and g lutathione p erox idase activities m ig ht 
be due to the inhibition of enz ym e p rotein synthesis, inhibition of enz ym es 
by allyl alcohol or som e lip id p erox idation p roducts. R ecently, it was shown 
that dep letion of m itochondrial SO D  by about 5 0 %  results in a functional 
decline of ox idative p hosp horylation, an increase in ox idative stress, an 
increase in rates of ap op tosis in an ag e-dep endent m anner (K ok osz k a et 
al., 2 0 0 1 ), and dep letion of m itochondrial GSH (W illiam s et al., 1 9 9 8 ), 
sug g esting  that M n-SO D  is im p ortant to m aintain the balance of 
m itochondrial redox  state. M oreover, these data sug g est that m inor 
chang es in M n-SO D  m ay have a sig nificant im p act on the antiox idant 
status of m itochondria and sup p ort the hyp othesis that overex p ression of 
M n-SO D  m ay be p rotective m echanism  ag ainst m itochondrial ox idative 
stress. 
 
GSTs rep resent one of the m aj or cellular dafence m echanism s ag ainst 
electrop hilic x enobiotics and their m etabolites. It was shown that GSTs use 
4-hydrox y nonenol and m alonaldehyde (A wasthi et al., 1 9 9 5 ) as substrates 
and that am ong  all GST classes alp ha-class shows hig h selenium  
indep endent g lutathione p erox idase activity (A wasthi et al., 1 9 7 5 ). Since 
GSTs p lay an im p ortant role in detox ification and p hysiolog ical functions, 
effect of allyl alcohol adm inistration on cytosolic GSTs, where m aj ority of 
allyl alcohol is m etaboliz ed was studied. In the current study, the overall 
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GST activity was m easured using  C D N B , as substrate show sig nificant 
decrease in the allyl alcohol treated rat liver cytosol com p ared to control. 
P rior adm inistration of   p lant ex tracts (P.fraternus or H .i nd i c us) increased 
the GST activity which indicates the induction of a detox ifying  system  to 
enhance the conj ug ational cap acity of GST for inactivation of electrop hiles. 
The GST enz ym e system  consists of several isoz ym es. In rat liver, the GST 
isoz ym es are m ainly m ade up  of three m aj or subunits, the Y a (M wt- 
2 5 6 0 0 ), Y b (M wt-2 7 0 0 0 ) and Y c (M wt-2 8 0 0 0 ). E ach subunit has a sp ecific 
function. Y a and Y c catalyse the reduction of hydro p erox ides, 
isom erisation of p rostag landin. Y b subunit involved in the form ation of 
leuk otrienes. In the p resent study SD S-P A GE  shows Y a, Y b and Y c subunits 
of GST (fig  2 2 A  and 5 0 A ). Sig nificant decrease in the Y a subunit was 
observed by the adm inistration of allyl alcohol (fig  2 3i and 5 1 i). P rior 
adm inistration of p lant ex tracts (P.fraternus or H .i nd i c us) p rovided 
sig nificant p rotection (fig  2 3i and 5 1 i). A lp ha class GST isoenz ym es, 
hGSTA 1 -1  and hGSTA 2 -2  are involved in the p rotection m echanism s 
ag ainst lip id p erox idation (Y ang  et al., 2 0 0 1 ).  

          
        The histolog ical chang es induced by allyl alcohol is evidenced by 

deg enerative   chang es of liver (fig -5 7 ii). Histop atholog ical finding s also 
sup p ort the p rotective effect of the ex tract (H .i nd i c us or P.fratenus) as 
evidenced by the liver with m ild deg enerative chang es (fig -5 8 ii and 5 9 ii). 
 
P etrol ex tract of whole p lant (B hatnag ar et al., 1 9 6 1 ) and the leaf ex tract 
(B howm ick  and C haudhary, 1 9 8 2 ) of P.fraternus rep orted to have 
antifung al activity. E thanolic ex tract of whole p lant showed anticancer 
activity in the m ouse and antisp asm odic activity on isolated g inea p ig  ileum  
(D har et al., 1 9 6 8 ). The aq ueous ex tract from  the leaves of it rep orted to 
have hyp og lycaem ic effect in norm al as well as allox an-diabetic rabbits 
(R am ak rishnan et al., 1 9 8 2 ). The hydroalcoholic ex tract (HE ) g iven 
intrap eritoneally, p roduced sig nificant inhibition of acetic acid-induced 
abdom inal constrictions (A dair et al., 2 0 0 0 ). A hm ed et al., 2 0 0 2  have 
rep orted that the m ethanolic fraction was m ost active am ong  all fractions 
studied in p rotecting  liver ag ainst carbon tetra chloride induced tox icity.  
 
C hem ical studies of this p lant show that the leaves of P. fraternus contain 
a num ber of lig nans and alk aloids. P hyllanthin (a bitter constituent) and 
hyp op hyllanthin (a non-bitter com p ound) were isolated from  the leaves of 
P. fraternus and identified as lig nans. The hex ane ex tract of the leaves 
g ave three additional lig nans, niranthin, nirtetralin and p hyltetralin. A m ong  
p hyllanthin, hyp op hyllanthin, triacontanal and tricontanol isolated from  a 
hex ane ex tract of P. fraternus, p hyllanthin and hyp op hyllanthin showed a 
p rotective effect ag ainst carbon tetra chloride and g alactosam ine induced 
cytotox icity in p rim ary cultured rat hep atocytes, while triacontanal was 
p rotective only ag ainst g alactosam ine induced tox icity (Syam asunder et 
al., 1 9 8 5 ). Two alk am ides (E , E -2 ,4-octadienam ide and E ,Z -2 ,4-
decadienam ide ) have been isolated from  P. fraternus, a p lant that is used 
in Ghanaian traditional m edicine to treat m alaria. The com p ounds p ossess 
an alp ha, beta, g am m a, delta-unsaturated conj ug ated am ide, a feature 
believed to enhance antip lasm odial activity. In vitro assay of the two 
alk am ides showed to p ossess m oderate antip lasm odial activity (Sittia et 
al., 1 9 9 8 ). 
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A  diet rich in brussels sp routs (30 0  g / d) m ark edly decreases the urinary 
ex cretion of 8 -hydrox ydeox yg uanosine in hum ans, indicating  a reduction of 
D N A  ox idation (Verhag en et al., 1 9 9 5 ). Sim ilarly, dietary sup p lem entation 
of cabbag e and broccoli ex tracts to rats decreases free radical-induced 
tissue dam ag e broug ht about by irradiation (F ang  et al., 1 9 8 7 ). M oreover, 
p hytic acid has a hig h chelation p otential and can be sup p lem ented to diets 
for sup p ressing  iron-catalyz ed ox idative reactions and p otentially for 
reducing  the incidence of colonic cancer and inflam m atory bowel disease 
(Graf and E aton, 1 9 9 0 ). C ollectively, these studies sug g est that 
p hytochem icals m ay be used as effective antiox idants for im p roving  hum an 
health. 
H em i d esm us i nd i c us is em p loyed in traditional m edicine for g astric 
ailm ents. It m ainly consists of essential oils and p hytosterols lik e 
hem idesm ol, hem idesterol, and sap onins. P hytochem ical investig ations 
have shown the p resence of coum arino-lig noids, flavonoids and 
triterp enoids (M andal et al ., 1 9 9 1 ; R astog i and M ehrotra, 1 9 9 5 ). It was 
rep orted earlier that nine p reg nane g lycosides viz . D esinine (O berai, 
1 9 8 5 ), Indicine, Hem idine (P rak ash et al ., 1 9 9 1 ), Indi-cusin (D eep ak  et al ., 
1 9 9 5 ), Hem idescine, E m idine (C handra et al ., 1 9 9 4), m edidesm ine, 
Hem isine and D em icine (D eep ak  et al ., 1 9 9 7 b) were isolated from  
H em i d esm us i nd i c us. P hytochem ical studies on the roots of H em i d esm us 
i nd i c us resulted in the isolation of six  new p entacyclic triterp enes including  
two oleanenes, three ursenes and a lup ene form ulated us lup -1 , 1 2 -dien-3-
on-2 1 -ol including  a k nown com p ound, beta-am yrin acetate, on the basis 
of sp ectroscop ic techniq ues and chem ical m eans (R oy et al ., 2 0 0 1 ). 
E thanolic ex tract of H em i d esm us i nd i c us at a dose level of 1 .5  and 3.0  
m g / k g  body weig ht in acetone p rior to that of cum ene hydrop erox ide 
treatm ent rep orted to inhibit cum ene hydrop erox ide-induced cutaneous 
ox idative stress (Sultana et al ., 2 0 0 3). It was rep orted that oral treatm ent 
with the ethanol ex tract of H em i d esm us i nd i c us roots at dose of 1 0 0  
m g / k g , for 1 5  days sig nificantly p revented rifam p icin and isoniaz id-induced 
hep atotox icity in rats (P rabak an et al ., 2 0 0 0 ).  
 A nim al studies have shown that dietary p hytochem ical antiox idants are 
cap able of rem oving  free radicals. A m ong  them , p henolic and p olyp henolic 
com p ounds, such as flavonoids and catechin in edible p lants, ex hibit p otent 
antiox idant activities (D eck er, 1 9 9 5 ). A  larg e body of the literature has 
docum ented the beneficial effects of tea p olyp henolic com p ounds on 
scaveng ing  sup erox ide and hydrox yl radicals (F ang  et al., 1 9 9 8 ), and on 
their role in the p revention and therap y of disease. These p olyp henols also 
enhance C u,Z n-SO D  activity and decrease m alondialdehyde concentrations 
(C ui et al., 2 0 0 0 ). 

 
F rom  all these studies it ap p ears that the ox idative stress induced by allyl 
alcohol is m ainly attributed to the free radical p roduction due to GSH 
dep letion which is resp onsible for ox idation of m em brane p roteins and 
increased lip id p erox idation which in turn resp onsible for the observed 
m itochondrial dysfunction. The m ode of action of both these p lant ex tracts 
in ex erting  the hep atop rotective activity ag ainst allyl alcohol m ay be due to 
the increased m itochondrial m em brane integ rity, increased g lutathione 
(reduced) levels and activation of antiox idative enz ym es such as 
g lutathione reductase, g lutathione p erox idase, sup erox ide dism utase and 
catalase which inturn scaveng e free radicals. 
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SUMMARY 
 

 
T h e  i m p o r t an t  f i n d i n g s o f  t h e  p r e se n t  st u d y  ar e  
 
 
1 . O n  ad m i n i st r at i o n  o f  al l y l  al c o h o l  t h e  ac t i v i t i e s o f  asp ar t at e  an d  al an i n e   
am i n o  t r an sf e r ase s i n c r e ase d  si g n i f i c an t l y  i n  se r u m  an d  d e c r e ase d  i n       
l i v e r  i n d i c at i n g  l i v e r  d am ag e . A d m i n i st r at i o n  o f  P.f r a t e r n u s  p r i o r  t o  al l y l  
al c o h o l  o f f e r e d  p r o t e c t i o n  ag ai n st  t h e  l i v e r  d am ag e  t o  an  e x t e n t  o f  6 0  an d  
3 8 %  o n  A S T  ac t i v i t y  i n  l i v e r  an d  se r u m  r e sp e c t i v e l y ,  w h e r e  as 4 8  an d  2 7 %  
o n  A l A T  ac t i v i t y  r e sp e c t i v e l y . A d m i n i st r at i o n  o f  H .i n d i c u s  p r i o r  t o  al l y l  
al c o h o l  o f f e r e d  p r o t e c t i o n  ag ai n st  t h e  l i v e r  d am ag e  t o  an  e x t e n t  o f  5 1  an d  
4 6 %  o n  A S T  ac t i v i t y  i n  l i v e r  an d  se r u m  r e sp e c t i v e l y  w h e r e  as 5 5  an d  3 3 %  
o n  A l A T  ac t i v i t y  r e sp e c t i v e l y . 
 
2 . N A D H  o x i d ase  w h i c h  g i v e s i n f o r m at i o n  o n  t h e  ab i l i t y  o f  t r an sf e r  o f  
e l e c t r o n s t h r o u g h  al l  t h r e e  si t e s o f  e l e c t r o n  t r an sp o r t  c h ai n  w as d e c r e ase d  
si g n i f i c an t l y  i n  r at s ad m i n i st e r e d  w i t h  al l y l  al c o h o l . A d m i n i st r at i o n  o f  P. 
f r a t e r n u s  o r  H .i n d i c u s  p r i o r  t o  al l y l  al c o h o l  ad m i n i st r at i o n  o f f e r e d  p r o t e c t i o n  
o f  7 2 %  an d  5 3 %  r e sp e c t i v e l y  ag ai n st  al l y l  al c o h o l  i n d u c e d  i n h i b i t i o n  o n  
r e sp i r at i o n . 
 
3 . S u c c i n at e  o x i d ase  w h i c h  g i v e s i n f o r m at i o n  o n  t h e  e l e c t r o n  t r an sf e r  
t h r o u g h  si t e  I I  an d  I I I  o f  e l e c t r o n  t r an sp o r t  c h ai n  w as al so  d e c r e ase d  
si g n i f i c an t l y  o n  ad m i n i st r at i o n  o f  al l y l  al c o h o l . A d m i n i st r at i o n  o f  P.f r a t e r n u s  
o r  H .i n d i c u s  p r i o r  t o  al l y l  al c o h o l  ad m i n i st r at i o n  o f f e r e d  p r o t e c t i o n  o f  7 7 %  
an d  6 1 %  r e sp e c t i v e l y  ag ai n st  al l y l  al c o h o l  i n d u c e d  i n h i b i t i o n  o n  r e sp i r at i o n . 
 
 4 . R C R  w h i c h  i s an  i n d e x  o f  m e m b r an e  i n t e g r i t y  w as d e c r e ase d  b y  t h e  
ad m i n i st r at i o n  o f  al l y l  al c o h o l  sh o w i n g  t h at  t h e  i n t e g r i t y  o f  m i t o c h o n d r i a 
w as d am ag e d . P / O  r at i o ,  an  i n d e x  o f  t h e  e f f i c i e n c y  o f  t h e  sy st e m  t o  
c o n se r v e  e n e r g y  i n  t h e  f o r m  o f  A T P ,  w as d e c r e ase d  si g n i f i c an t l y  w i t h  al l y l  
al c o h o l . A d m i n i st r at i o n  o f  P. f r a t e r n u s  o r  H .i n d i c u s  p r i o r  t o  al l y l  al c o h o l  
ad m i n i st r at i o n  o f f e r e d  p r o t e c t i o n  o f  4 0  an d  4 7 %  r e sp e c t i v e l y  o n  R C R ,  8 0  
an d  6 2 %  r e sp e c t i v e l y  o n  P / O  r at i o  ag ai n st  al l y l  al c o h o l  i n d u c e d  
m i t o c h o n d r i al  d y sf u n c t i o n . S i m i l ar  p r o t e c t i o n  w as o b se r v e d  w h e n  su c c i n at e  
w as u se d  as su b st r at e . 
 
5 . L i p i d  p e r o x i d e  l e v e l  w as i n c r e ase d  si g n i f i c an t l y  i n  l i v e r  h o m o g e n at e  an d  
m i t o c h o n d r i a o f  al l y l  al c o h o l  ad m i n i st e r e d  r at s. A d m i n i st r at i o n  o f  
P.f r a t e r n u s  o r  H .i n d i c u s  p r i o r  t o  al l y l  al c o h o l  ad m i n i st r at i o n  o f f e r e d  
p r o t e c t i o n  o f  8 8  an d  7 4 %  r e sp e c t i v e l y  o n  h o m o g e n at e ,  9 1  an d  7 4 %  
r e sp e c t i v e l y  o n  m i t o c h o n d r i a ag ai n st  al l y l  al c o h o l  i n d u c e d  i n c r e ase  i n  l i p i d  
p e r o x i d at i o n . 
 
 
6 . P r o t e i n  c ar b o n y l  l e v e l  w as i n c r e ase d  si g n i f i c an t l y  i n  m i t o c h o n d r i a o f  al l y l  
al c o h o l  t r e at e d  r at s. A d m i n i st r at i o n  o f  P. f r a t e r n u s  o r  H .i n d i c u s  p r i o r  t o  al l y l  
al c o h o l  ad m i n i st r at i o n  o f f e r e d  p r o t e c t i o n  o f  1 0 0  an d  4 4 %  r e sp e c t i v e l y  
ag ai n st  al l y l  al c o h o l  i n d u c e d  i n c r e ase  i n  p r o t e i n  c ar b o n y l s. 
 
 



 111 

7 . T o t al  su l p h y d r y l  g r o u p s w e r e  d e c r e ase d  si g n i f i c an t l y  i n  m i t o c h o n d r i a b y  
t h e  ad m i n i st r at i o n  o f  al l y l  al c o h o l . A d m i n i st r at i o n  o f  P.f r a t e r n u s  o r  
H .i n d i c u s  p r i o r  t o  al l y l  al c o h o l  ad m i n i st r at i o n  o f f e r e d  p r o t e c t i o n  o f  5 9  an d  
4 7 %  r e sp e c t i v e l y  ag ai n st  al l y l  al c o h o l  i n d u c e d  d e c r e ase  o n  su l p h y d r y l  
g r o u p s. 
 
 8 . G l u t at h i o n e  ( G S H )  w h i c h  i s e sse n t i al  f o r  m ai n t an an c e  o f  i n t r ac e l l u l ar  
r e d o x  st at e  w as d e c r e ase d  si g n i f i c an t l y  b y  t h e  ad m i n i st r at i o n  o f  al l y l  
al c o h o l .  A d m i n i st r at i o n  o f  P. f r a t e r n u s  o r  H .i n d i c u s  p r i o r  t o  al l y l  al c o h o l  
ad m i n i st r at i o n  o f f e r e d  p r o t e c t i o n  o f  4 1  an d  4 9 %  r e sp e c t i v e l y  ag ai n st  al l y l  
al c o h o l  i n d u c e d  d e c r e ase  i n  G S H  l e v e l . 
 
 9 . S u p e r o x i d e  r ad i c al  l e v e l s w e r e  i n c r e ase d  si g n i f i c an t l y  b y  t h e  
ad m i n i st r at i o n  o f  al l y l  al c o h o l . A d m i n i st r at i o n  o f  P.f r a t e r n u s  o r  H .i n d i c u s  
p r i o r  t o  al l y l  al c o h o l  ad m i n i st r at i o n  o f f e r e d  p r o t e c t i o n  o f  5 3  an d  5 1 %  
r e sp e c t i v e l y  ag ai n st  al l y l  al c o h o l  i n d u c e d  i n c r e ase  i n  su p e r o x i d e  l e v e l . 
 
1 0 . A n t i o x i d an t  e n z y m e s ( sc av e n g e r  o f  f r e e  r ad i c al s)  su c h  as c at al ase ,  
su p e r o x i d e  d i sm u t ase ,  g l u t at h i o n e  p e r o x i d ase  an d  g l u t at h i o n e  r e d u c t ase  
ac t i v i t i e s d e c r e ase d  si g n i f i c an t l y  i n  al l y l  al c o h o l  ad m i n i st e r e d  r at s. 
A d m i n i st r at i o n  o f  P.f r a t e r n u s  o r  H .i n d i c u s  p r i o r  t o  al l y l  al c o h o l  
ad m i n i st r at i o n  o f f e r e d  si g n i f i c an t  p r o t e c t i o n  an d  i n c r e ase d  t h e  ac t i v i t i e s o f  
t h e se  e n z y m e s. 
 
1 1 . S t u d i e s o n  p u r i f i e d  g l u t at h i o n e  t r an sf e r ase  ( d e t o x i f y  x e n o b i o t i c  
c o m p o u n d s)  f r o m  al l y l  al c o h o l  t r e at e d  r at s sh o w e d  t h at  Y a su b u n i t  o f  t h e  
e n z y m e  w as d e c r e ase d  si g n i f i c an t l y . A d m i n i st r at i o n  o f  P.f r a t e r n u s  o r  
H .i n d i c u s  p r i o r  t o  al l y l  al c o h o l  ad m i n i st r at i o n  o f f e r e d  si g n i f i c an t  p r o t e c t i o n  
ag ai n st  al l y l  al c o h o l  i n d u c e d  d e c r e ase  o f  Y a su b u n i t . 
 
1 2 . A l c o h o l  d e h y d r o g e n ase  ac t i v i t y  w as i n c r e ase d  si g n i f i c an t l y  b y  t h e  
ad m i n i st r at i o n  o f  al l y l  al c o h o l . A d m i n i st r at i o n  o f  P.f r a t e r n u s  o r  H .i n d i c u s  
p r i o r  t o  al l y l  al c o h o l  ad m i n i st r at i o n  o f f e r e d  p r o t e c t i o n  o f  6 2  an d  7 3 %  
ag ai n st  al l y l  al c o h o l  i n d u c e d  i n c r e ase  i n  al c o h o l  d e h y d r o g e n ase  ac t i v i t y . 
 
I n  c o n c l u si o n  t h e  ad m i n i st r at i o n  o f  al l y l  al c o h o l  d am ag e s t h e  m e m b r an e  
i n t e g r i t y ,  d e c r e ase s t h e  r at e  o f  r e sp i r at i o n  an d  A T P  sy n t h e si s. D e p l e t i o n  o f  
G S H ,  d e c r e ase d  an t i o x i d an t  e n z y m e  ac t i v i t i e s an d  i n c r e ase d  p r o d u c t i o n  o f  
f r e e  r ad i c al s l e ad  t o  l i p i d  p e r o x i d at i o n ,  p r o t e i n  o x i d at i o n  an d  m e m b r an e  
d am ag e . I n  t h i s st u d y  a si g n i f i c an t  p r o t e c t i o n  ag ai n st  t h e se  d am ag e s w as 
o b se r v e d  d u e  t o  t h e  p r i o r  ad m i n i st r at i o n  o f  P.f r a t e r n u s  o r  H .i n d i c u s . 
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Abstract

The effect of administration of allyl alcohol on the oxidative stress and the protective effect due to administration of an aqueous extract of
Phyllanthus fraternus against allyl alcohol-induced damage in liver mitochondria were studied. When rats were treated with allyl alcohol, the rate
of mitochondrial respiration was decreased significantly with both NAD+- and FAD-linked substrates. The respiratory control ratio, an index of
membrane integrity and the P/O ratio, a measure of phosphorylation efficiency also decreased significantly. There was a significant increase in the
lipid peroxide level and the protein carbonyl content. A significant decrease was observed in the total sulphydryl groups and a significant increase
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n the generation of superoxide radicals. Administration of rats with an aqueous extract of Phyllanthus fraternus (100 mg/kg) prior to allyl alcohol
dministration showed protection of 72, 40 and 80% using glutamate + malate (NADH oxidation) and 77, 54 and 20% using succinate as substrate
n state 3, RCR and P/O ratio, respectively. The protection on lipid peroxide level was 88 and 91% in homogenate and mitochondria, respectively.
n case of protein carbonyls, total sulphydryl groups and on the generation of superoxide radicals the protection was 99, 59 and 53%, respectively.

2005 Elsevier Ireland Ltd. All rights reserved.
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ulphydryl groups; Euphorbiaceae; Phyllanthus fraternus

. Introduction

Plants and plant products are part of the vegetarian diet and
number of them exhibit medicinal properties. Several Indian
lants are also being used in Ayurvedic and Siddha medicines.
he medicinal properties of several herbal plants have been doc-
mented in ancient Indian literature and the preparations have
een found to be effective in the treatment of diseases (Handa
t al., 1996). The reports indicate that there is an inverse rela-
ionship between the dietary intake of antioxidant-rich foods
nd the incidence of human diseases (Sies, 1993; Halliwell,
997). Hence, search for new synthetic and natural antioxidants

Abbreviations: ADP, adenosine diphosphate; BSA, bovine serum albumin;
NPH, 2,4-dinitro phenyl hydrazine; DTNB, 5,5’-dithio bis-(2-nitro benzoic

cid); EDTA, ethylene diamine tetraaceticacid; FAD, flavin adenine dinu-
leotide; GSH, glutathione (reduced); MDA, malonaldehyde bis dimethyl acetal;
ADH, nicotinamide adenine dinucleotide (reduced); P/O, phosphate to oxy-
en ratio; RCR, respiratory control ratio; SOD, superoxide dismutase; TCA,
richloro acetic acid
∗ Corresponding author. Tel.: +91 40 23134561(O)/23033245(R);

ax: +91 40 3010120/45.

is essentially important. Although initial research on antioxi-
dants was mostly on isolated pure compounds, recent focus is
more on natural formulations (Hagerman et al., 1998; Haramaki
and Packer, 1995). It has been found that compounds in their
natural formulations are more active than their isolated form
(Khopde et al., 2001). Phyllanthus fraternus (Euphorbiaceae)
is an annual herb, whose stem is non-erect and 30 cm long, the
leafy shoots are 5–10 cm long, oblong and joined to the brachlets
of the stem, six sepals in the flower, distributed in India, Pak-
istan and introduced into Saudi Arabia, Africa and West Indies
(Abedin et al., 2001). It is widely distributed in the northern
region of India and is used as a folklore remedy for the treat-
ment of various diseases of liver by traditional healers and tribals
(Kirtikar and Basu, 1975).

Allyl alcohol (AA) is a chemical used in manufacturing pro-
cesses for food flavoring and in agriculture as a weed killer
(Beauchamp et al., 1985; Atzori et al., 1989). It irritates mucous
membranes and is especially harmful for the liver as it produces
cell necrosis selectively in the periportal zone. It is metabolized
by cytosolic alcohol dehydrogenase to acrolein, an unsaturated
aldehyde (Rees and Tarlow, 1967). Acrolein is a powerful elec-
trophile and reacts with nucleophiles, such as sulfhydryl groups.
E-mail address: ohssl@uohyd.ernet.in (O.H. Setty).

378-8741/$ – see front matter © 2005 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.jep.2005.10.019
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The thiol group of glutathione is a favored target and so glu-
tathione is primarily involved in the reaction, which leads to
GSH depletion. The reaction is markedly accelerated by the
activity of cytosolic glutathione S-transferase. The nucleophilic
glutathione is an important protective factor of hepatic cells in
the detoxification of acrolein.

Free radicals are defined as molecules having an unpaired
electron in the outer orbit. They are generally unstable and very
reactive. There is a lot of evidence revealing the role of reactive
oxygen species (ROS) in several diseases. ROS are generated as
byproducts of cellular metabolism, primarily in the mitochon-
dria (Szocs, 2004). Small, physiological amounts of ROS are
a cellular requirement (Hensley et al., 2000). However, ROS
have the potential to cause damage and, hence, cells possess
many antioxidant systems for scavenging them. In addition to
antioxidant enzymes, several small-molecule antioxidants play
an important role in the antioxidant defence systems.

The mitochondrial electron transport system is a source for
superoxide generation. An increase in dietary energy intake
enhances mitochondrial free radical production, which results
in oxidative stress (Gilbert, 2000; Balaban et al., 2005). The
acrolein produced would cause decreased protein synthesis and
inhibition of respiration (Serafini-cessi, 1972). The toxicity
leads to alterations in membrane integrity mainly due to pro-
tein thiol modification and lipid peroxidation. Thiol groups of
cysteine residues in proteins react readily with acrolein and it
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motor and pestle. The homogenate was then filtered through a
cheese cloth. The dry weight of the extract was determined by
drying the extract in an oven. The water extract equivalent to
100 mg/kg was administered daily to each rat.

2.3. Treatment of experimental animals

Research on animals was carried out with approval from the
Institutional Animal Ethics Committee (IEAC) of University of
Hyderabad. Male Albino Wistar rats weighing 120 ± 20 g were
taken from the animal house facility of University of Hyderabad
and checked for proper growth for at least 8–10 days. They were
fed with commercial pellet diet and tap water ad libitum. The
animals were divided into four groups of four rats in each group.

Group A: Control rats, which received 0.5 ml of saline
intraperitoneally.
Group B: Received allyl alcohol 4–5 mg in 0.5 ml volume of
saline (0.7 mmol per kg body weight) intraperitoneally and sac-
rificed after 4 h.
Group C: Received orally aqueous extract of Phyllanthus
fraternus (equivalent to 100 mg/kg) for a period of 4 days and
then 0.5 ml of saline was given intraperitoneally and were sac-
rificed after 4 h.
Group D: Received orally aqueous extract of Phyllanthus
fraternus (equivalent to 100 mg/kg) for 4 days and then allyl
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ead to changes in the enzyme activities.
Mitochondrial function was shown to be disrupted in patients

ith cirrhosis liver. It was reported earlier from our laboratory
hat mitochondrial dysfunction caused by the administration of
lcohol (Sebastian and Setty, 1999) or thioacetamide (Padma
nd Setty, 1997) or carbon tetrachloride (Padma and Setty, 1999)
ould be prevented by prior administration of an aqueous extract
f Phyllanthus fraternus and the protective effect was attributed
ainly to the antioxidant property of the extract. The main objec-

ive of the present study is to show the protective effect of the
rior administration of Phyllanthus fraternus on the oxidative
tress that is induced by the administration of allyl alcohol,
hich is known to deplete GSH. Lipid peroxidation, protein oxi-
ation, ROS (superoxide) levels and mitochondrial functions are
sed as markers of oxidative stress.

. Methods

.1. Chemicals

Sodium salts of succinate, glutamate, malate and ADP, xan-
hine, xanthine oxidase, epinephrine and guanidine hydrochlo-
ide were purchased from Sigma Chemical Co. (St. Louis, MO).
ll other chemicals were of analytical grade and were obtained

rom local firms.

.2. Preparation of the aqueous extract of Phyllanthus
raternus

The whole plant of Phyllanthus fraternus including roots was
omogenized at room temperature in water (5 g/12.5 ml) using
alcohol 4–5 mg in 0.5 ml volume of saline (0.7 mmol per kg
body weight) was given and sacrificed after 4 h.

All the rats were fasted for 17 h before and 4 h after allyl
lcohol administration.

.4. Isolation of mitochondria

A slightly modified method of Laurence and Davies (1986)
as used for the preparation of mitochondria. Liver was
omogenized followed by differential centrifugation in ice cold
edium containing 220 mM d-mannitol, 70 mM sucrose, 2 mM
EPES, 0.2 mM EDTA and 0.36 mg/ml of BSA and adjusted

o pH 7.4. The final pellet containing mitochondria was sus-
ended in 3 ml of 0.25 M sucrose and the protein content was
etermined by Biuret method using BSA as a standard (Gornall
t al., 1949). Mitochondria were used immediately for the mea-
urement of oxidative phosphorylation and then were kept at
80 ◦C until used for other studies.

.5. Measurement of oxidative phosphorylation

The rate of respiration was determined using Hansatech
xytherm Respirometer according to the method of Estabrook

1949). Respiration rates were measured at 25 ◦C in a buffer
containing 50 mM sucrose, 50 mM Tris–HCl, 20 mM potas-
ium phosphate, 2 mM EDTA, 7 mM magnesium chloride, pH
.4) and 1–2 mg of freshly isolated mitochondrial protein using
n oxygen electrode disc in an airtight chamber of 1 ml vol-
me. Malate (6.25 mM) and glutamate (3.125 mM) or succi-
ate (0.02 M) was used as the substrates. Respiratory control
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ratio (RCR) was obtained from the ratio of ADP stimulated
state-3 respiration to ADP exhausted state-4 respiration and
ADP/O = P/O ratio which was calculated according to Estabrook
(1949). Respiration was initiated by the addition of 20 mM
sodium succinate or 3.125 mM glutamate plus 6.25 mM malate
for succinate oxidase and NADH oxidase, respectively. State-3
respiration was measured by the addition of 200 and 400 nmol
of ADP for succinate oxidase and NADH oxidase, respectively.

2.6. Assay of lipid peroxides by thiobarbituric acid reaction

In liver homogenate and mitochondria, lipid peroxide level
was determined according to the method of Ohkawa et al. (1979).
A 10% liver homogenate was prepared in 1.15% KCl and mito-
chondria were isolated by differential centrifugation. Mitochon-
dria were washed with 1.15% KCl and suspended in the same
medium. To 5 mg of protein, 0.2 ml of 8.1% SDS, 1.5 ml of 20%
acetic acid (pH 3.5) and 1.5 ml of 0.67% (w/v) aqueous solution
of thiobarbituric acid were added. The total volume was made
up to 4 ml with water and the tubes were heated in a water bath
at 95 ◦C for 60 min. A blank was also run simultaneously and
tetramethoxy propane was used as an external standard. After
cooling, 1.0 ml of water and 5 ml of n-butanol were added and
the tubes were vortexed and then centrifuged at 2000 × g for
10 min at room temperature. The absorbance of the organic layer
was measured at 535 nm. The extent of lipid peroxidation was
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the supernatant was measured at 412 nm and total sulphydryl
groups were expressed as nmols per mg protein using DTNB
molar extinction coefficient of 13,100.

2.9. Generation of superoxide radicals

Generation of superoxide radicals was measured spectropho-
tometrically by the method of Dionisi et al. (1975). The reac-
tion mixture contains 0.25 M sucrose, 50 mM HEPES (pH 8.4),
1 mM epinephrine, 3 mM succinate and 0.5 mM EDTA and
0.1–0.2 mg mitochondrial fragments. The reaction of radical
formation was initiated by the addition of 2.5 �g antimycin per
milliliter. Generation of superoxide radicals was measured by
the oxidation of epinephrine to adrenochrome which was quan-
tified spectrophotometrically at 480 nm and was expressed as
nmoles of adrenochrome formed per min per mg protein using
molar extinction coefficient of adrenochrome as 4020.

2.10. Statistical analysis

All values were expressed as mean ± S.D. Statistical sig-
nificance was performed by analysis of variance followed by
Bonferror’s test. P < 0.05 was considered to be significant.

3. Results
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xpressed as nmol of MDA formed per 100 mg of protein.

.7. Measurement of protein carbonyls

The concentration of protein carbonyls in mitochondria was
etermined using 2,4-dinitrophenylhydrazine (DNPH) assay
ccording to the method of Reznick and Packer (1994) and
ailey et al. (2001). The mitochondria were divided into two
ortions containing 2–4 mg of protein in each. To one portion,
ml of 2N HCl was added and incubated at room temperature

haking intermittently for 1 h. The other portion was treated with
ml of 10 mM DNPH in 2N HCl and incubated by shaking

ntermittently for 1 h at room temperature. After incubation the
ixture was precipitated with 10% TCA and centrifuged. The

recipitate was washed thrice with 4 ml of ethanol:ethyl acetate
1:1). The final protein precipitate was dissolved in 6 M guani-
ine hydrochloride and the absorption at 370 nm (DNPH-treated
ample minus sample blank) was determined. Carbonyl content
as calculated using the molar extinction coefficient of 22,000

nd expressed as nmol carbonyls per mg protein.

.8. Determination of total sulphydryl groups

Mitochondrial suspension containing 1 mg of protein was
ixed with 1.5 ml of 0.2 M Tris buffer and 0.1 ml of 0.01 M

,5′-dithiobis-(2-nitrobenzoic acid) (DTNB) by the method of
edlak and Lindsay (1968). The mixture was made to 10 ml by
dding 7.9 ml of absolute methanol. A reagent blank (without
ample) and sample blank (without reagent) were prepared in a
imilar manner and color developed for 15 min and centrifuged
t 3000 × g at room temperature for 15 min. The absorbance of
The effect of administration of allyl alcohol on the oxidative
tress and the protective effect of an aqueous extract of Phyllan-
hus fraternus on allyl alcohol-induced toxicity were studied.
esults of all the parameters in this study were expressed rel-
tive to control, which was taken as 100. The actual values for
ontrol group are given in the corresponding figures.

The percent protective effect due to the prior administration
f Phyllanthus fraternus was calculated as follows.[

100

100 − value of group B

]

×(value of group D − value of group B)

n other words a 100% protection (on a given parameter) means
hat the value is back to the control level which is normalized as
00.

Externally added NADH cannot penetrate the tightly coupled
itochondria. So, glutamate and malate were used to reduce the
AD+ pool in the matrix, which is then oxidized by the respira-

ory chain. This NADH oxidase gives information on the ability
f transfer of electrons through all three sites of the electron
ransport chain. State 3 respiration, RCR and P/O ratio were
ecreased by 43, 55 and 29% compared to controls (Fig. 1)
nd this decrease is statistically significant. There was a signif-
cant decrease of RCR in group-D (allyl alcohol + Phyllanthus
raternus) when compared to group-A (control). Administration
f Phyllanthus fraternus prior to allyl alcohol administration
ffered protection of 72, 40 and 80% on state 3 respiration, RCR
nd P/O ratios, respectively. Administration of the plant extract
lone did not show any significant change. When succinate was
sed as substrate (electron transfer through site II + site III) there
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Fig. 1. Effect of administration of allyl alcohol with or without the administra-
tion of Phyllanthus fraternus on the rate of respiration, RCR, P/O ratio using
glutamate + malate as substrate.Values are mean ± S.D. from at least four rats
in each group. Rate of respiration was measured using glutamate + malate as
substrate by the addition of 400 nmols of ADP. It is expressed as nanomoles
of oxygen per minute per milligram protein. RCR is the ratio of ADP stimu-
lated state-3 to ADP exhausted state 4 respiration and P/O = ADP/O ratio. All
the values are expressed relative to controls, which were taken as 100. Control
values for the rate of respiration, RCR, P/O ratio using glutamate and malate
as substrates were 32.3 ± 4.6, 4.1 ± 0.3, 3.0 ± 0.7, respectively. *P < 0.05 vs.
Group-A. #P < 0.05 vs. Group-A.

was a decrease of 43, 52 and 20% on state 3 respiration, RCR and
P/O ratios, respectively. There was a significant decrease on state
3 respiration and RCR in group-D when compared to group-B
(allyl alcohol). This shows that there is a significant difference
due to the administration of Phyllanthus fraternus. Adminis-
tration of Phyllanthus fraternus prior to allyl alcohol offered
protection of 77, 54 and 20% on state 3 respiration, RCR and
P/O ratios, respectively (Fig. 2). There was no significant effect
on succinate oxidation in rats administered with Phyllanthus
fraternus extract alone. These results show that the administra-
tion of Phyllanthus fraternus offered a significant protection.

Effect of the administration of allyl alcohol with and without
the prior administration of the aqueous extract of Phyllanthus
fraternus on lipid peroxide level is shown in Fig. 3. In both
homogenate and mitochondria the lipid peroxide level is signifi-
cantly increased (65 and 109%, respectively) due to the adminis-
tration of allyl alcohol. There was a significant decrease in both
homogenate and mitochondria in group-D compared to group-B.
Prior administration of the aqueous extract of Phyllanthus frater-
nus offered protection of 88 and 91% on lipid peroxides of both
homogenate and mitochondria, respectively. Administration of
Phyllanthus fraternus alone decreased the lipid peroxide level
(28%) in the homogenate and increased (15%) in mitochondria.
This change is not statistically significant.

Effect of the administration of allyl alcohol with and with-
out the prior administration of aqueous extract of Phyllanthus
f

Fig. 2. Effect of administration of allyl alcohol with or without the adminis-
tration of Phyllanthus fraternus on the rate of respiration, RCR and P/O ratio
using succinate as substrate.Values are mean ± S.D. from at least four rats in
each group. Rate of respiration was measured using succinate as substrate by
the addition of 200 nmols of ADP. It is expressed as nanomoles of oxygen per
minute per milligram protein. RCR is the ratio of ADP stimulated state-3 to ADP
exhausted state 4 respiration and P/O = ADP/O ratio. All the values are expressed
relative to control, which were taken as 100. Control values for the rate of respira-
tion, RCR and P/O ratio using succinate as substrate were 53.3 ± 6.9, 4.0 ± 0.4,
2.0 ± 0.1, respectively. *P < 0.05 vs. Group-A. @P < 0.05 vs. Group-B.

Fig. 3. Effect of administration of allyl alcohol with or without the administra-
tion of Phyllanthus fraternus on lipid peroxide level in liver homogenate and
mitochondria.Values are given as percent control, and are mean ± S.D. of at least
four animals. Lipid peroxide level is expressed as nmol MDA formed per 100 mg
protein. The control values in homogenate and mitochondria are 115.0 ± 10.0,
108.3 ± 14.4, respectively. *P < 0.05 vs. Group-A. @P < 0.05 vs. Group-B.
raternus on protein carbonyls is shown in Fig. 4. The carbonyl
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Fig. 4. Effect of administration of allyl alcohol with or without the adminis-
tration of Phyllanthus fraternus on protein carbonyl content, total sulphydryl
groups in rat liver mitochondria and generation of superoxide radicals in mito-
chondrial fragments.The values are mean ± S.D. of at least four animals. Protein
carbonyl content, total sulphydryl groups are expressed as nanomole per mil-
ligram protein and generation of superoxide radicals are expressed as nanomole
per minute per milligram protein. The control values for the protein carbonyl
content, total sulphydryl groups and generation of superoxide radicals were
1.0 ± 0.1, 8.9 ± 0.6, 14.5 ± 0.7, respectively. *P < 0.05 vs. Group-A. #P < 0.05
vs. Group-A. @P < 0.05 vs. Group-B.

content is significantly increased (118%) due to the adminis-
tration of allyl alcohol. Prior administration of aqueous extract
of Phyllanthus fraternus offered complete protection (99%) and
prevented the rise in the carbonyl content due to the administra-
tion of allyl alcohol in liver mitochondria. There was a significant
difference between group-D and -B.

Effect of the administration of allyl alcohol with and with-
out the prior administration of aqueous extract of Phyllanthus
fraternus on total sulphydryl groups is shown in Fig. 4. The
total sulphydryl groups are significantly decreased (54%) due to
the administration of allyl alcohol. The prior administration of
aqueous extract of Phyllanthus fraternus offered protection to an
extent of 59%. The increase in group-D is statistically significant
when compared with group-B.

Effect of the administration of allyl alcohol with and without
the prior administration of aqueous extract of Phyllanthus frater-
nus on the generation of superoxide radicals is shown in Fig. 4.
The superoxide radicals significantly increased (220%) due to
the administration of allyl alcohol. Administration of aqueous
extract of Phyllanthus fraternus prevented the rise and protected
the superoxide level to an extent of 53%. Group-D is statistically
significant when compared with group-A or -B.

4. Discussion

f
t

been a worldwide trend toward the use of natural phytochem-
icals present in berry crops, teas, herbs, oilseeds, beans, fruits
and vegetables (Kitts et al., 2000; Lee and Shibamoto, 2000).
Free radicals, from both endogenous and exogenous sources, are
implicated in the etiology of several degenerative diseases, such
as coronary artery diseases, stroke, rheumatoid arthritis, diabetes
and cancer (Halliwell et al., 1992). High consumption of fruits
and vegetables is associated with low risk for these diseases,
which is attributed to the antioxidant vitamins and other phyto-
chemicals (Ames et al., 1993; Prior, 2003; Weisburger, 1999).
There is a great deal of interest in edible plants that contain
antioxidants and health promoting phytochemicals.

Acrolein is a highly toxic aldehyde involved in a number
of diseases as well as drug-induced toxicities. Acrolein also
forms via hepatic biotransformation of the chemotherapeutic
drugs cyclophosphamide and Ifosfamide (Ludeman, 1999). In
addition, there is growing recognition that endogenous acrolein,
formed via lipid peroxidation, mediates cell damage in various
diseases of old age, including Alzheimer’s disease (Uchida et
al., 1998a; Uchida, 1999; Lovell et al., 2001). The 88–91% pro-
tective effect on lipid peroxidarion, (Fig. 3) demonstrated in this
study by the prior administration of Phyllanthus fraternus is
expected to have beneficial effect in a number of diseases like
chronic heart disease, stroke, rheumatoid arthritis, diabetes and
cancer for which the etiology is implicated to oxidative stress
(Halliwell et al., 1992).
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In the present study, the protective effect of Phyllanthus
raternus against oxidative stress induced by the administra-
ion of allyl alcohol was studied. In recent years, there has
Under physiological conditions, approximately 1–3% of the
2 consumed by the body is converted into superoxide and other
OS. Thus, although molecular oxygen is absolutely essential

or aerobic life, it can be toxic under certain conditions. This
henomenon has been termed as the oxygen paradox (Gilbert,
000). There is a growing link among mitochondrial metabolism
ate and elimination of ROS and age related changes in mito-
hondrial function (Balaban et al., 2005).

Prior administration of Phyllanthus fraternus offered protec-
ion of 72, 40 and 80% for NADH oxidation and 77, 54 and
0% for succinate oxidation on state 3 respiration, RCR and
/O ratios, respectively (Figs. 1 and 2). Effect of allyl alcohol
nd the protective effect by Phyllanthus fraternus on mitochon-
rial respiration were different for the two different substrates
sed. Recent evidence suggests strongly that free radicals appear
o be generated from complex I through oxidation of NADH on
he matrix side of the inner mitochondrial membrane (St-Pierre
t al., 2002).

Use of succinate as a main respiratory substrate can lead
o radical generation by reverse electron flow from Complex
I to complex I (St-Pierre et al., 2002). This mechanism is
oorly understood and highly controversial because the methods
vailable to measure rates of radical production from cells are
nsecure and prone to artifact (Duchen, 2004).

Administration of the aqueous extract of the Phyllanthus
raternus significantly decreased the thioacetamide (Padma and
etty, 1997) or carbon tetrachloride (Padma and Setty, 1999)

nduced lipid peroxidation in vivo and protected the liver
rom the hepatotoxin-induced toxicity. Co-administration of
mla (Emblica officinalis) with dimethyl hydrazine significantly
educed the cytotoxic products such as MDA and conjugated
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dienes (Anila kumar et al., 2004). Recently the extracts of Phyl-
lanthus niruri is shown to have antioxidant and hepato-protective
potential against carbon tetrachloride induced toxicity (Harish
and Shivanandappa, 2006). The oral administration of differ-
ent levels of the extract of Nymphaea stellata Willd flowers
to rats for 10 days protected liver against carbon tetrachlo-
ride induced elevation in liver lipid peroxidation and reduction
in liver glutathione (Bhandaekar and Khan, 2004). Green tea
protects phospholipids from peroxidation and other deleterious
effects due to ethanol consumption (Ostrowskaa et al., 2004).

Typically, cellular nucleophiles target acrolein’s �-carbon,
generating carbonyl retaining adducts (Esterbauer et al., 1991;
Uchida et al., 1998b; Burcham and Fontaine, 2001). The reac-
tive carbonyl may then react with neighboring nucleophiles
to form inter or intramolecular cross-links (Esterbauer et al.,
1991; Permana and Snapka, 1994; Kurtz and Lloyd, 2003).
During reactions with protein, acrolein readily carbonylates
lysine, cysteine and histidine side chains. There is increasing evi-
dence for an involvement of toxic carbonyls in human diseases
(Calingasan et al., 1999; Tanaka et al., 2001). Many different
types of protein oxidative modification can be induced directly
by ROS or indirectly by reactions of secondary byproducts
of oxidative stress (Berlett and Stadtman, 1997). Cysteine and
methionine are particularly prone to oxidative attack by almost
all ROS. Protein modifications elicited by direct oxidative attack
on Lys, Arg, Pro, Thr, or by secondary reaction of Cys, His or Lys
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production is accelerated or when the mechanisms involved in
scavenging ROS is impaired. Increased production of ROS is
thought to occur more frequently than dimnished antioxidant
defence, and is postulated to play a role in the pathogenesis of
several diseases (Halliwell and Gutteridge, 1999). Prior admin-
istration of the aqueous extract of Phyllanthus fraternus offered
53% protection on superoxide level and prevented the significant
increase due to the administration of allyl alcohol (Fig. 4).

Petrol extract of whole plant (Bhatnagar et al., 1961) and
the leaf extract (Bhowmick and Chaudhary, 1982) of Phyllan-
thus fraternus are reported to have antifungal activity. Ethanolic
extract of whole plant showed anticancer activity in the mouse
and antispasmodic activity on isolated guinea pig ileum (Dhar
et al., 1968). The aqueous extract from its leaves is reported
to have hypoglycaemic effect in normal as well as alloxan-
diabetic rabbits (Ramakrishnan et al., 1982). The hydroalcoholic
extract (HE) given intraperitoneally, produced significant inhi-
bition of acetic acid-induced abdominal constrictions (Santos et
al., 2000). Ahmed et al. (2002) have reported that the methano-
lic fraction was the most active among all fractions studied in
protecting liver against carbon tetrachloride induced toxicity.

It was reported earlier from our laboratory that mitochon-
drial dysfunction caused by the administration of an alcohol
(Sebastian and Setty, 1999) or thioacetamide (Padma and Setty,
1997) or carbon tetrachloride (Padma and Setty, 1999) could be
prevented by prior administration of aqueous extract of Phyl-
l
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esidues with reactive carbonyl compounds, can lead to the for-
ation of protein carbonyl derivatives (aldehydes and ketones).
hus, protein carbonyl content is the most general indicator and

s the most commonly used marker of protein oxidation (Berlett
nd Stadtman, 1997; Shacter, 2000; Beal, 2002). Prior admin-
stration of an aqueous extract of Phyllanthus fraternus offered
omplete protection (99%) and prevented the rise in the carbonyl
ontent (Fig. 4).

Oxidants, inhibitors of enzymes containing an iron–sulfur
enter, free radicals and other reactive species cause the oxida-
ion of biomolecules (e.g., protein, amino acids, lipid and DNA),
hich leads to cell injury and death (McCord, 2000; Freidovich,
999). For example, radiation-induced ROS markedly alters the
hysical, chemical and immunologic properties of SOD, which
urther increase oxidative damage in cells. The cytotoxic effect
f free radicals is deleterious to mammalian cells and is respon-
ible for the pathogenesis of many chronic diseases. At the same
ime it is also responsible for the killing of pathogens by acti-
ated macrophages and other phagocytes in the immune system.
hus, there are “two faces” of free radicals in biology in that

hey serve as signaling and regulatory molecules at physiolog-
cal levels but as highly deleterious and cytotoxic oxidants at
athological levels (Freidovich, 1999). Significant decrease of
he total sulphydryl groups due to the administration of allyl
lcohol was protected to an extent of 59% by prior administra-
ion of an aqueous extract of Phyllanthus fraternus (Fig. 4).

Superoxide is generated from O2 by multiple pathways (Wu
nd Morris, 1998; Freidovich, 1999; Gilbert, 2000; Evans and
alliwell, 2001). Under physiological conditions, there is a well-
anaged balance between the formation and neutralization of
OS by these systems. Oxidative stress can occur when ROS
anthus fraternus. This study mainly involved on mitochondrial
unction and lipid peroxidation. The present study is extended
o protein oxidations and superoxide levels also. Hepatotoxins
ike alcohol, carbon tetrachloride, thioacetamide and allyl alco-
ol induce toxicity and the mechanism by which they induce
s different for each agent. For example alcohol is known to
nduce ROS by decreasing the oxidation rates by electron trans-
ort chain and also it depletes SH groups. Carbon tetrachloride
s converted to tri chloro methyl radical which is responsible
or hepatotoxicity. Allyl alcohol used in this study is known to
eplete GSH and induces toxicity.

Reduced glutathione (GSH), the major intracellular non-
rotein thiol, is mainly known as a nucleophilic scavenger and an
nzyme-catalyzed antioxidant in electrophilic/oxidative tissue
njury (Lieberman et al., 1996). GSH plays an important role in
he maintenance of the intracellular redox state. The intracellular
evel of GSH, which differ from one cell type to another, may be
rucial for ROS-induced NF-�B response (Nanxin and Michael,
999). The extracellular GSH catabolism may be involved in the
odulation of cell signalling and activation of transcription fac-

ors (Marie-Jose et al., 2000).
NF-�B is a ubiquitous transcription factor that regulates

nflammatory mediators, and several structural proteins that are
nvolved in infection, inflammation, stress responses and apopto-
is (Baeuerle and Henkel, 1994). The exact and complex molec-
lar mechanisms involved in the regulation of NF-�B remain to
e elucidated (Nanxin and Michael, 1999).

It is widely recognized that the ROS are involved in the acti-
ation of NF-�B (Nanxin and Michael, 1999). They can play a
ole as second messengers, when they are produced in physio-
ogical concentrations. ROS, particularly H2O2 possess several
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properties that make it ideal for the second messenger’s role.
They are, of small size and therefore diffuse rapidly through
biological membranes, and their synthesis and degradation are
fast (Baeuerle et al., 1996).

Chemical studies of this plant show that the leaves of Phyl-
lanthus fraternus contain a number of lignans and alkaloids.
Phyllanthin (a bitter constituent) and hypophyllanthin (a non-
bitter compound) were isolated from the leaves of Phyllanthus
fraternus and identified as lignans. The hexane extract of the
leaves gave three additional lignans, niranthin, nirtetralin and
phyltetralin. Among phyllanthin, hypophyllanthin, triacontanal
and tricontanol isolated from a hexane extract of Phyllanthus
fraternus, phyllanthin and hypophyllanthin showed a protective
effect against carbon tetrachloride and galactosamine induced
cytotoxicity in primary cultured rat hepatocytes, while tria-
contanal was protective only against galactosamine induced
toxicity (Syamasunder et al., 1985). Two alkamides (E, E-2,4-
octadienamide and E,Z-2,4-decadienamide) have been isolated
from Phyllanthus fraternus, a plant that is used in Ghanaian tra-
ditional medicine to treat malaria. The compounds possess an
alpha, beta, gamma, delta-unsaturated conjugated amide, a fea-
ture believed to enhance antiplasmodial activity. In vitro assay
of the two alkamides was found to possess moderate antiplas-
modial activity (Sittia et al., 1998).

Animal studies have shown that dietary phytochemical
antioxidants are capable of removing free radicals. Among them,
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and regulate the levels of antioxidant enzymes. The work in this
line is in progress.

References

Abedin, S., Mossa, J.S., AI-Said, M.S., AI-Yahya, M.A., 2001. In: Chaudhury,
S.A. (Ed.), Flora of Kingdom of Saudi Arabia. National Agriculture and
Water Research Centre, Riyadh, Saudi Arabia, p. 298 (Cited in Ahmed
et al. (2002)).

Ahmed, B., AI-Howiriny, T.A., Mathew, R., 2002. Antihepatotoxic activity
of Phyllanthus fraternus. Pharmazie 57, 855–856.

Ames, B.N., Shigenaga, M.K., Hagen, T.M., 1993. Oxidants, antioxidants
and the degenerative diseases of aging. In: Proceedings of the National
Academy of Sciences of the United States of America, vol. 90, pp.
7915–7922.

Anila kumar, K.R., Nagaraj, N.S., Santhanam, K., 2004. Protective effects
of amla on oxidative stress and toxicity in rats challenged with dimethyl
hydrazine. Nutrition Research 24, 313–319.

Atzori, L., Dore, M., Congiu, L., 1989. Aspects of allyl alcohol toxicity.
Drug Metabolism and Drug Interactions 7, 295–319.

Baeuerle, P.A., Henkel, T., 1994. Function and activation of NF-�B in the
immune system. Annual Review of Immunology 12, 141–179.

Baeuerle, P.A., Rupec, R.A., Pahl, H.L., 1996. Reactive oxygen intermediates
as second messengers of a general pathogen response. Pathologie Biologie
44, 29–35.

Bailey, S.M., Patel, V.B., Young, T.A., Asayama, K., Cunningham, C.C.,
2001. Chronic ethanol consumption alters the glutathione/glutathione
peroxidase-1 system and protein oxidation status in rat liver. Alcoholism:
Clinical and Experimental Research 25, 726–733.

B

B

B

B

B

B

B

B

C

C

D

D

D

henolic and polyphenolic compounds, such as flavonoids and
atechin in edible plants, exhibit potent antioxidant activities
Decker, 1995). A large body of the literature has documented
he beneficial effects of tea polyphenolic compounds on scav-
nging superoxide and hydroxyl radicals (Fang et al., 1998),
nd on their role in the prevention and therapy of disease. These
olyphenols also enhance Cu, Zn-SOD activity and decrease
alondialdehyde concentrations (Cui et al., 2000).
A diet rich in Brussels sprouts (300 g/day) markedly

ecreases the urinary excretion of 8-hydroxydeoxyguanosine in
umans, indicating a reduction of DNA oxidation (Verhagen et
l., 1995). Similarly, dietary supplementation of cabbage and
roccoli extracts to rats decreases free radical-induced tissue
amage brought about by irradiation (Fang et al., 1987). More-
ver, phytic acid has a high chelation potential and can be
upplemented to diets for suppressing iron-catalyzed oxidative
eactions and potentially for reducing the incidence of colonic
ancer and inflammatory bowel disease (Graf and Eaton, 1990).
ollectively, these studies suggest that phytochemicals may be
sed as effective antioxidants for improving human health.

In conclusion the administration of an aqueous extract
f Phyllanthus fraternus prior to allyl alcohol administra-
ion showed significant protection on the allyl alcohol-induced
xidative stress in rats. Different parameters on which the benefi-
ial effects were seen include, rate of respiration, oxidative phos-
horylation, lipid peroxidation, protein carbonyls, sulphydryl
roups and the generation of superoxide radicals. Most of these
arameters are the markers of oxidative stress. The extract of
hyllanthus fraternus showed good antioxidant potential and
revented oxidation of proteins and lipids. By virtue of its ability
o scavenge ROS, it probably can modulate transcription factors
alaban, R.S., Nemoto, S., Finke, T., 2005. Mitochondria, oxidants and aging.
Cell 120, 483–495.

eal, M.F., 2002. Oxidatively modified proteins in aging and disease. Free
Radicals in Biology and Medicine 32, 797–803.

eauchamp Jr., R.O., Andjelkovich, D.A., Kleigerman, A.D., Morgan, K.T.,
Heck, H.D., 1985. A critical review of the literature on acrolein toxicity.
CRC Critical Review of Toxicology 14, 309–378.

erlett, B.S., Stadtman, E.R., 1997. Protein oxidation in aging, disease, and
oxidative stress. Journal of Biological Chemistry 272, 20313–20316.

handaekar, M.R., Khan, A., 2004. Antihepatotoxic effect of Nymphaea stel-
lata Willd., against carbon tetra chloride-induced hepatic damage in albino
rats. Journal of Ethnopharmacology 91, 61–64.

hatnagar, S.S., Santapau, H., Desa, J.D.H., Maniar, A.C., Ghadially, N.C.,
Solomon, M.J., Yellore, S., Rao, T.N.S., 1961. Biological activity of
Indian medicinal plants. Part I. Antibacterial, antitubercular and antifungal
action. Indian Journal of Medical Research 49, 799.

howmick, B.N., Chaudhary, B.K., 1982. Antifungal activity of leaf extract
of medicinal plants on Alternaria alternata. Indian Botanical Reporter 1,
164–165.

urcham, P.C., Fontaine, F.R., 2001. Extensive protein carbonylation precedes
acrolein-mediated cell death in mouse hepatocytes. Journal of Biochem-
ical and Molecular Toxicology 15, 309–316.

alingasan, N.Y., Uchida, K., Gibson, G.E., 1999. Protein-bound acrolein:
a novel marker of oxidative stress in Alzheimer’s disease. Journal of
Neurochemistry 72, 751–756.

ui, X., Dai, X.G., Li, W.B., Zhang, B.L., Fang, Y.Z., 2000. Effects of
Lu-Duo-Wei capsules on superoxide dismutase activity and contents of
malondialdehyde and lipofuscin in the brain of the housefly. American
Journal of Chinese Medicine 28, 259–262.

ecker, E.A., 1995. The role of phenolics, conjugated linoleic acid, carnosine
and pyrrolquinolinequinone as nonessential dietary antioxidants. Nutri-
tional Reviews 53, 49–58.

har, M.L., Dhar, M.M., Dhawan, B.N., Mehrotra, Ray, C., 1968. Screening
of Indian plants for biological activity: Part I. Indian Journal of Experi-
mental Biology 6, 232–247.

ionisi, O., Galeotti, T., Tullio, T., Azzi, A., 1975. Superoxide radicals and
hydrogen peroxide formation in mitochondria from normal and neoplastic
tissues. Biochemical Biophysical Acta 403, 292–300.



208 R. Sailaja, O.H. Setty / Journal of Ethnopharmacology 105 (2006) 201–209

Duchen, M.R., 2004. Mitochondria in health and disease: perspectives on
a new mitochondrial biology. Molecular Aspects of Medicine 25, 365–
451.

Estabrook, R.W., 1949. Mitochondrial respiratory control and the polaro-
graphic measurement of ADP:O ratios. In: Estrabrook, R.W., Pullman,
M.E. (Eds.), Methods in Enzymology, vol. 10.1. Academic Press Inc.,
New York, pp. 409–432.

Esterbauer, H., Schaur, R.J., Zollner, H., 1991. Chemistry and biochemistry of
4-hydroxynonenal, malonaldehyde and related aldehydes. Free Radicals
in Biology and Medicine 11, 81–128.

Evans, P., Halliwell, B., 2001. Micronutrients: oxidant/antioxidant status.
British Journal of Nutrition 85, 67–74.

Fang, Y.Z., Lai, Y.F., Hu, B., et al., 1987. Protective effect of liver, cab-
bage and yeast on radiation damage. Acta Nutrition Sinica 9, 150 (Cited
in Fang, Y.Z., Yang, S., Wu, G., 2002. Free radicals antioxidants and
nutrition. Nutrition 18, 872–879).

Fang, Y.Z., Sun, C.P., Tian, X.H., 1998. Effect of Lu-Duo-Wei on scavenging
superoxide and hydroxyl radicals in vitro. American Journal of Chinese
Medicine 26, 153–158.

Freidovich, I., 1999. Fundamental aspects of reactive oxygen species or
what’s the matter with oxygen?, vol. 893. Annals of the New York
Academy of Sciences, pp. 13–18.

Gilbert, D.L., 2000. Fifty years of radical ideas. Annals of the New York
Academy of Sciences 899, 1–14.

Gornall, A.G., Bardawill, C.J., David, M.M., 1949. Determination of serum
proteins by means of the Biuret Reaction. Journal of Biological Chemistry
17, 751–766.

Graf, E., Eaton, J.W., 1990. Antioxidant functions of phytic acid. Free Rad-
icals in Biology and Medicine 8, 61–69.

Hagerman, A.E., Reidl, K.M., Jones, G.A., Sovik, K.N., Ritchard, N.T.,
Hartzfeld, P.W., Riechel, T., 1998. High molecular weight plant phenolics

H

H

H

H

H

H

H

K

K

K

K

Laurence, C.B., Davies, N.T., 1986. A novel, simple and rapid method for
the isolation of mitochondria which exhibit respiratory control, from rat
small intestinal mucosa. Biochimical Biophysical Acta 848, 35–40.

Lee, K.G., Shibamoto, T., 2000. Antioxidant properties of aroma compounds
isolated from soybeans and mung beans. Journal of Agricultural and Food
Chemistry 48, 4290–4293.

Lieberman, M.W., Wieseman, A.L., Shi, Z., Carter, B.Z., Barrios, R., Matzuk,
M., 1996. Growth retardation and cysteine defenciency in gamma-
glutamyltranspeptidase mice. Proceedings of National Acadamy of Sci-
ences, USA 93, 7923–7926.

Lovell, M.A., Xie, C., Markesbery, W.R., 2001. Acrolein is increased in
Alzheimer’s disease brain and is toxic to primary hippocampal cultures.
Neurobiology of Aging 22, 187–194.

Ludeman, S.M., 1999. The chemistry of the metabolites of cyclophosphamide.
Current Pharmaceutical Design 5, 627–643.

Marie-Jose, A., Milica, E., Mojgan, M., Christine, M., Sylvia, D., Maria,
W., Athanase, V., 2000. Gamma-Glutamyltranspeptidase-dependent glu-
tathione catabolism results in activation of NF-�B. Biochemical and
Biophysical Research Communications 276, 1062–1067.

McCord, J.M., 2000. The evolution of free radicals and oxidative stress.
American Journal of Medicine 108, 652.

Nanxin, L., Michael, K., 1999. Is NF-�B the sensor of oxidative stress?
Federation of American Societies for Experimental Biology 13, 1137–
1143.

Ohkawa, H., Ohishi, N., Yagi, K., 1979. Assay for lipid peroxides in ani-
mal tissues by thiobarbituric acid reaction. Analytical Biochemistry 95,
351–358.

Ostrowskaa, J., £uczaja, W., Kasackab, I., Andrzej, Roı̌zÿanı̌skic., Skrzy-
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