Egyptian Scientific Journal of Pesticides, 2017; 3(1); 45— 52 www.esjpesticides.org.eg

Bioenergetic Deficiency and Oxidative Stress in Rat Liver
Mitochondria Exposed to Lambda Cyhalothrin and the Protective
Role of Propolis

Abdel-Razik, Reda K.
Mammalian Toxicology Dept, Central Agricultural Pesticide Lab,
Agricultural Research Center, Alex. Egypt
E mail: re21699@yahoo.com

Abstract: Mitochondria a primary site of cellular energy generation and oxygen consumption represents a likely
target for lambda cyhalothrin (LC) poisoning, a type II synthetic parathyroid insecticide used for agricultural and public
health applications. Therefore, the current study was planned to investigate the effect of LC exposure on rat liver mito-
chondrial electron transport chain as well as the protective effect of 100 mg / Kg bw propolis against LC adverse effects.
Male albino rats were subjected to repeated oral sub lethal dose (0.5 mg / Kg bw, 1/50 LDso) of LC for four weeks (3
doses / week) and two weeks for observation. Two of mitochondrial bioenergetic biomarkers; (nicotinamide adenine
dinucleotide dehydrogenise) or NADH dehydrogenase (Complex 1), adenosine triphosphatase (ATPase) activities and
mitochondrial oxidative stress biomarkers; superoxide dismutase (SOD) activity, reduced glutathion (GSH) content and
the lipid peroxidation (LPO) levels were in vivo assessed in rat liver. The alterations in the previous tested parameters
were confirmed by the changes in hepatic mitochondrial proteins pattern induced by LC using sodium dodecyl sulphate
polyacrylamide gel electrophoresis (SDS - PAGE) technique. Results showed significant reduction in hepatic mitochon-
drial; NADH dehydrogenase, ATPase, SOD activities and GSH content in LC treated rats, while the LPO level was sig-
nificantly increased compare to control. SDS- PAGE depicted some alteration in the mitochondrial proteins pattern. The
previous effects were attenuated by propolis supplementation. This study revealed that LC toxication impaired mito-
chondrial bioenergetics and induces an oxidative stress which may lead to liver dysfunction. Moreover propolis attenu-
ated the LC adverse effect due to its high contents of flavonoids and phenolics compounds supporting it’s highly use as
antioxidant food supplement.
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1-Introduction tions, mitochondria are the major source of ROS. While
producing energy necessary to convert (Adenosine diphos-
phate) ADP into (Adenosine triphosphate) ATP, mito-
chondria also produces superoxide radical (O,™, hydrogen

Lambda cyhalothrin is widely used in Egypt and valued to
control a wide range of pests in cotton, cereals and vegeta-
bles as well as in public health application against insect, . . .
ticks and flies (Abdel Aziz and Abdel Rahem, 2010), Peroxide (Hx O) and hydroxyl radical (OH) as by-

Consistent with LC lipophilic nature (Michelangeli et al, P roducts of the consump tion of molecul.a r oxygen in the
1990), LC has been found to accumulate in biological electron transport chain (Raha and Robinson 2000, Sas-

membranes leading to oxidative damage by altering anti- tre 2000) and t%e ag'cumulatedl\? 2si0sl§1imi;1§t;d by man-
oxidant systems and increasing lipid peroxidation in mam- ganese superoxide 1stnutase (Mn ), which generates
mals (El-Demerdash, 2007 and Fetoui ef al, 2009). H.0, (Raha and Robinson 2000, Raha et al, 2000). Be-
Animal liver plays a major role in regulating various capse mlto?hondrla do not contgm catalgse (CAT), the
physiological and chemical functions of animal bodies m1toch9ndr1al redox system » which .c0n51sts of reduced
such as catabolic and anabolic processes as well as synthe- glutgthlone (GSH), glutathione perox@ase (GI.)X) and glu—
sis and secretion systems of xenobiotics. Any physiologi- tathione reductase (GR), plays a crucial role in reduction

cal damage can be repaired but may also accumulate over of H, O, and protects mitochondria against peroxidative
a period of time and cause many degenerative diseases stress (Kowaltowski and Vercesi 1999, Han et al, 2003,

(Ames ef al, 1993). LC is rapidly metabolized in the liver ~Maher 2005). Ddisorders in the oxidative = reductive
via hydrolytic ester cleavage and oxidative pathways by status of .m1tocho.n dria leading to changes of a structure
the cytochrome P450 enzymes yield reactive oxygen spe- and .functlon of this organelle. .

cies (ROS) (Sankar et al, 2012). Mitochondria are the During the last decades, phenolic compounds have re-

main energy source in hepatocytes and play a major role ceived considerable attention due to their antioxidant
in extensive oxidative metabolism and normal function of ~ Properties (Gil -lzquierdo et al, 2001). Natural products

the liver. This key role also assigns mitochondria a gate- 3¢ @ Promising source for the discovery of new pharma-

way function in the centre of signalling pathways that me- ceqticals. Several works dealing with propolis, which is a
diate hepatocytes injury, because impaired mitochondrial resinous hive product collected from plants by honey bees,

functions affect cell survival and contribute to the onset shm;vn;g anvelr)y cor?plﬁx ctl)l emical go.mﬁolskltlon d(' Bankpva
and perpetuation of liver diseases. In physiological condi- et al, ). Propolis has been used in folk medicine since

45



Abdel-Razik, R.

ancient times due to its many biological properties, such
as antibacterial (Sforcin et al, 2000), antitumor (Bazo et
al, 2002) and immunomodulatory effects (Murad et al,
2002). It contains more than 300 biochemical constituents
(Khalil 2006). Flavonoids and various phenolics are the
most important pharmacologically active constituents in
propolis capable of scavenging free radicals and thereby
protect lipids from being oxidized or destroyed during
oxidative damage (Nieva Moreno et al, 2000). Propolis
has gained popularity and used extensively in healthy
drinks and foods to improve health and prevent diseases
such as inflammation, heart disease, diabetes and even
cancer (Matsushige et al, 1995).

Therefore the present work aims to estimate the impair-
ments in mitochondrial bioenergetic function and oxida-
tive stress in the development of liver damage during LC
toxication in rats and possible protective role of propolis.

2. Materials and Methods

2.1. Chemicals

Lambda cyhalothrin (Katron 5% EC) [(R)-a-cyano-3-
phenoxybenzyl (1S ) - ¢ i s-3- [ ( Z)-2-chloro-3,3,3-
trifluoropropenyl]-2,2-dimethylcyclopropanecarboxylate
and  (S)-a-cyano-3-phenoxybenzyl (1R)-cis-3-[(Z)-2-
chloro-3,3,3-trifluoropropenyl]-2,2 dimethyl cyclopropane
carboxylate] was obtained from National Agricultural
Chemicals and Investment (El-Watania Co). Propolis was
obtained from Natural Factors Coquitlam, Canada. All
other chemicals used were of analytical grade purchased
from Sigma — Aldrich Co.

2.2. Animals

Male albino rats weighing 150 -160 g were obtained from
the Animal House, Faculty of Agricultur, Alexandria Uni-
versity. Animals were housed in groups each of five rats
in stainless steel cages and kept under laboratory condi-
tions (25 + °C, RH 65 —75% and light dark cycle, 12 h
light / 12 h dark. Animals were given feed and water ad
libitum. The animals were acclimatized to laboratory con-
ditions for two weeks before starting the experiment. All
procedures involving animals were performed in accor-
dance with the guidelines of the standard procedures laid
down by OECD guideline (2008).

2.3. Experimental design

Animals were divided into four groups and orally treated 3
doses /week for 4 weeks, then 2 weeks without treatment
as a recovery period as the following:

Group I: Rats were administered with water and served as
control.

Group II: Rats were administered with 100 mg / Kg bw
propolis.

Group III: Rats were administered with 0.5 mg / kg bw LC
(1/50 LDsp; 23.4 mg / Kg bw which estimated by Depart-
ment of Mammalian Toxicology, Pesticide Central Labo-
ratory, Agriculture Research Center).

Group IV: Rats were administered with 100 mg / Kg bw
of propolis plus 0.5 mg / kg bw of LC. The body weights
of control and treated animals were recorded weekly. At
the end of the experiment the animals were sacrificed and
then livers were removed and immediately washed with
physiological saline (0.9 % NaCl), weighed individually
and stored at - 20 °C till used.

2.4. Isolation of liver mitochondria

Rat liver mitochondria were isolated using a slightly
modified protocol of Krause et al, (2005). Liver tissue
was homogenized by a 2 ml tight fit glass Teflon homoge-
nizer in buffer solution (250 mM sucrose, 50 mM Tris—
HCL, 5 mM EDTA, and 0.5 mM Phenylmethanesulphonyl
fluoride (PMSF), pH 7.4), 1:10 (w/v) and then centrifuged
at 800g using Sigma 3K30 bench centrifuge for 10 min at
4 °C. The pellet was discarded and the supernatant was
sucking and layered on top of 350 mM sucrose, 50 mM
Tris—=HCL, 5 mM EDTA, and 0.5 mM (PMSF), pH 7.4,
1:3 (w/v) and then centrifuged at 8,000g for 10 min at 4
°C. The top layer mitochondrial pellet was washed twice
and resuspended in 250 mM sucrose containing 0.5 mM
PMSEF. Isolated mitochondria were stored at -20 °C until
used.

2.5. Determination of protein
The protein content of the mitochondrial preparations was
estimated by the method of Lowry et al, (1951) using
bovine serum albumin as a standard.

2.6. Bioenergetic biomarkers

2.6.1. NADH dehydrogenase (Complex I) activity
NADH dehydrogenase activity was measured by the oxi-
dation of NADH (Galante and Hatefi, 1978). Liver mito-
chondria (40 pg of protein / ml) were mixed with a mix-
ture containing 40 mM phosphate buffer, pH 7.4, 0.1%
Sod-Cholate, 1.5 mM potassium cyanide and 1.3 mM po-
tassium ferricyanide and incubated for 1 min at 30 °C then
0.14 mM NADH was added. Decrease of absorption was
followed spectrophotometercally at 340 nm for 1-3 min-
utes. Results were expressed as pmol NADH oxidized /
min / mg protein. Sensitivity to rotenone (1uM) was tested
in all mitochondrial suspensions.

2.6.2. Mitochondrial ATPase activity

The basic idea of this method is to measure the amount of
inorganic phosphate produced from the hydrolytic reaction
of ATP by the ATPase. Mitochondria suspension (1 mg
protein / ml) were added to a medium containing, 20 mM
Tris-HCI, pH 7.6, 5 mM MgCl, and 5 mM ATP, then the
mixture was incubated for 5 min at 37°C in a shaking wa-
ter bath. The reaction was stopped by the addition of 5%
trichloroacetic acid (TCA) and then the inorganic phos-
phate (Pi) was measured spectrophotometrically at 740 nm
according to Taussky and Shorr (1953). The concentra-
tion of Pi was calculated from a standard curve and the
specific activity was expressed as pmole Pi / mg protein /
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min. Sensitivity to oligomycin (1ug / ml) was tested in all
mitochondrial suspensions.

2.7. Oxidative stress biomarkers

2.7.1. Superoxide Dismutase (SOD) activity

SOD as enzymatic antioxidant was measured spectropho-
tometrically at 25 °C by the method of Marklund and
Marklund (1974), with some modifications. The assay
medium was 1.0 ml containing 50 mM Tris — HCI buffer
(pH 8.0) and 0.24 mM pyrogallol. Autoxidation of pyro-
gallol was monitored at 420 nm for 3 min in the absence
and presence of enzyme at three concentrations which
produced between 30 to 60 % inhibition of pyrogallol.
One unit of the enzyme activity is defined as the amount
of enzyme which produced 50 % inhibition of pyrogallol
autoxidation under the standard assay conditions. Mito-
chondrial SOD activities were expressed as Units / mg
protein.

2.7.2. Reduced GSH content

GSH content as a nonenzymatic antioxidant was deter-
mined according to the method of Beutler et al (1963).
The method based on the reduction of 5, 5° dithiobis (2-
nitrobenzoic acid) (DTNB) with glutathione to produce a
yellow colore measured at 405 nm, the reduced chro-
mogen directly proportional to GSH concentration. The
amount of GSH was expressed

as umol / mg protein.

2.7.3. Lipid peroxidation (LPO) level

LPO was carried out following the procedure of Ohkawa
et al, (1979) using thiobarbituric acid (TBA). Malondial-
dehyde (MDA) formed as end product of lipids peroxida-
tion. MDA reacts with TBA to generate a colored product
that absorbs at 532 nm. The level of lipid peroxidation
was expressed as nmoles of MDA released / mg protein.

2.8. Mitochondrial proteins pattern, SDS -
PAGE

Equal quantities of protein (42 pg) were loaded per lane
and subjected to sodium dodecyl sulphate polyacrylamide

www.esjpesticides.org.eg

gel electrophoresis (SDS - PAGE) (4 % stacking gel and
12 % separating gel) as described by Laemmli (1970). To
prepare the samples for electrophoresis, the liver mito-
chondria were dissolved in the sample buffer (1 ml of 0.5
M Tris-HCI, pH 6.8, 5 ml glycerol, 0.5 gm SDS, 0.5 ml b-
mercaptoethanal and 5 mg of Bromophenol blue) and
completed to 10 ml with distilled water then incubated at
95 °C for 4 min. After gel polymerization samples were
loaded and the electrophoresis was performed using mini
protein cell (Bio-Rad; 0.7 mm thick and 7 cm length at 80
volt with stacking gel and 150 volt with the separating gel
for 2 hours. The protein bands were fixed in a solution
containing 40 % methanol and 10 % acetic acid for 30
min. The gel was stained for 30 min with 0.1 %
Coomassie blue R-250 in the fixative solution. It was
destained with 10 % methanol and 7.5 % acetic acid to
remove the background. Molecular weights of the differ-
ent polypeptides on gels were determined as described by
Weber and Osborn (1969) according to the following
equation.

Mobility (RF) = Distance of protein migration / Distance
of tracking dye migration

The mobility values of standard proteins were plotted ver-
sus the molecular weights on semi-log scaled paper.

2.9. Statistical analysis

Data obtained from the experiments were expressed as
mean +standard deviation (SD). Significant differences of
measurement traits were analyzed using one-way analysis
of variance (ANOVA) followed by the Student-Newman-
Keuls Test. The criterion for statistical significance was
set at p < 0.05. These tests were performed using a com-
puter software CoStat program.

3. Results

3.1. Bioenergetic biomarkers

The in vivo adverse effects of repeated oral sublethal dose
(0.5 mg / Kg bw) of LC on NADH dehydrogenase, AT-
Pase, SOD activities and GSH and MDA contents in rat
liver mitochondria were summarized in Tables (1and 2).

Table (1): NADH dehydrogenase and ATPase activities in rat liver mitochondria exposed to 0.5 mg/kg bw lambda
cyhalothrin, 100 mg / kg bw propolis and their combination after six weeks

Specific activity of mitochondrial

Groups NADH ATPase
pmol NADH oxidized / min / mg protein pmol Pi/ min / mg protein
(I) Control 0.898+0.03° 44.0+0.5"
(II) Propolis 0.900+0.04° 42.5+1.4°
(IIT) Lambda cyhalothrin 0.434+0.04° 18.5+0.7°
(IV) Their combination 0.660+0.05" 27.4+0.5°

Values are expressed as means (5 rats) + standard deviation (SD).
Values in column with different letters are significantly different at (p < 0.05).
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3.1.1. NADH dehydrogenase activity:

The present study showed significant reduction in mito-
chondrial NADH dehydrogenase activities by 51.6 %
whereas supplementation with propolis modulates the LC
adverse effect to 26.5 % compare to control (Table 1).

3.1.2. ATPase activity:

ATPase activity of LC treated rat liver mitochondria sig-
nificantly (p < 0.05) decreased (57.9 %), while co-
administration of propolis attenuate the LC toxic effect to
be 37.7 % of control (Table 1).

3.2. Oxidative stress biomarkers

3.2.1. SOD activity:

LC toxication condition (group III) was significantly de-
creased the activity of SOD to 60 %, whereas propolis
supplementation attenuates the LC adverse effect to 24.4
% compared to control (Table 2).

3.2.2. Reduced GSH content:

The present data showed that LC toxication caused signifi-
cantly (P < 0.05) decrease in the hepatic mitochondrial
GSH content by 67.3 %, while the co-administration of
propolis with LC relatively re-stored the GSH levels but
still significant compared to the control (Table 2).

3.2.3. Lipid peroxidation (LPO) level:

Results pointed out significant elevation level of LPO in
either mitochondria of rats treated with LC (93 %) or co-
administration with propolis (20.7 %) compared to control
(Table 2).

3.3.Mitochondrial SDS-

PAGE

Fig. (1) illustrate the effects of lambda cyhalothrin on the
hepato mitochondrial proteins pattern. It was found that
the mobility of mitochondrial protein subunit in all lanes
was similar to the mobility of control. Liver tissue from
LC treated group showed increase in protein intensity rela-
tive to control. Also, it was found that protein band around
60 kDa corresponding to the LC mitochondrial subunit

protein pattern,

which is broader and considered indistinct compare to
control patterns was noticed. Two minor bands around 30
and 14 kDa (head arrow), missed in other mitochondrial
preparations were found in lane 4.

Fig (1): Effects of lambda cyhalothrin on the hepato
mitochondrial proteins pattern.

The mitochondrial proteins, 42pg, were electrophoresed in
12% SDS polyacrylamide slab gels together with 10 ug
prestained protein markers (Bio-Rad). Lane 1: control,
lane 2: propolis, lane 3: LC toxication, shows a coal-
escence and indistinct bands around 60 kDa and lane 4:
propolis supplementation with LC shows two minor bands
around 30 and 14 kDa (head arrow), missed in other mito-
chondrial preparations.

4.Discussion
During the last years, new pesticides were developed and
were found to interfering with mitochondrial electron
transport, most of them with the proton-translocating
NADH :ubiquinone oxidoreductase complex I (Motoba
et al, 1992, Hollingworth et al, 1994, Hollingworth and
Ahammadsahib 1995). Proton-translocating NADH
:ubiquinone oxidoreductase is the first electron transport

Table (2): SOD activity, GSH content and LPO level in rat liver mitochondria exposed to 0.5 mg/kg bw lambda
cyhalothrin, 100 mg / kg bw propolis and their combination after six weeks

Groups SOD GSH LPO
up (U / mg Protein) (pmol / mg Protein) (nmol MDA / mg Protein)
(I) Control 45+1.3° 5.5+0.02° 2.9+0.12%
(II') Propolis 46+1.1° 5.1+0.04¢ 2.7£0.14*
(IIT) Lambda cyhalothrin 18+0.9% 1.8+0.03° 5.6+0.08°
(IV) Their combination 34+0.5° 3.9+0.01° 3.5+0.10°

Values are expressed as means (5 rats) + standard deviation (SD).
Values in column with different letters are significantly different at (p < 0.05).
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complex of the mitochondrial respiratory chain. It oxidizes
NADH and transfers the electrons via a flavin mononu-
cleotide cofactor and several iron—sulfur clusters to
ubiquinone Q. 4 protons per 2 electrons stoichiometry is
the widely accepted figure for the coupled vectorial proton
translocation. So, complex I contribute to the proton-
motive force that drives ATP synthesis. The energy- trans-
ducing function is maintained by the mitochondrial inner
membrane and over 95 % of total cellular ATP is supplied
by mitochondrial phosphorylation (Weiss, 1988). There-
fore cellular activities can be adversely affected by dam-
age to the mitochondrial energy-transducing functions
(Nishihara and Utsumi, 1986). In the present study the
reduction of mitochondrial NADH dehydrogenase by LC
toxication may depend on the intricate structure of this
enzymatic complex, which consists of at least 40 different
polypeptides strongly embedded in the inner mitochon-
drial membrane. This unique feature explains the mito-
chondrion’s great vulnerability to lipophilic molecules
(Degli Esposti 1998, Miyoshi 1998, Don and Hogg
2004). Regarding potential toxicity, complex I is a secon-
dary target of nitric oxide (NO) in general and of nitrogen
radical species (RNS) in particular. Gassner et al, (1997)
found that submicromolar concentrations of pyrethroid
inhibit the respiratory complex I of rat liver mitochondria
which in accordance with present study. This decrease in
the activities of complex I in turn affected the activities of
ATPase adversely. The inhibition of ATPase leads to re-
duce ATP production and generation of ROS. In line with
other studies stated that some pesticides alter the Mg*'-
ATPase which may be a causative factor of cellular dys-
function (Rahman et al, 2000 and Mehta et al, 2005).
Also this effect was observed in different cell models
(Vidau et al, 2009 and Vidau et al, 2011). The reduction
of ATPase activity can induce metabolic consequence, due
to the acid-base properties of ATP, ADP, and inorganic
phosphate the pH of the reaction medium was decreased
(Kraut et al, 2014). Under LC intoxication, the reduction
of ATPase activity can be attributed to lactic acidosis.
Oxidative damage accumulates more in mitochondria than
in the rest of the cells because electrons continually leak
from the respiratory chain to form damaging ROS. This
oxidative damage may modify mitochondrial proteins,
DNA and lipids which may lead to mitochondrial bioener-
getics failure leading to necrotic or apoptotic cell death
(Smith et al, 1999). LC in certain doses and conditions is
a potent inducer of oxidative stress (Piner and Uner,
2012). The SODs are enzymes that catalyze the conver-
sion of O, to H,O, and prevent the build-up of toxic O, .
The reduction in SOD activity observed in the present
study agrees with the result of (Wheeler et al, 2001) who
reported that, decrease of mitochondrial SOD by about
50% resulted in a functional decline of oxidative phos-
phorylation, an increase in oxidative stress and an increase
in the rate of apoptosis. The data suggest that SOD plays
an important role for balances of mitochondria redox
status. Propolis supplementation attenuate the LC toxica-
tion, relating to its ability to scavenge the free radicals
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that cause lipid peroxidation (Ferrali et al, 1997). Glu-
tathione (GSH) is the main non-protein thiol in cells
whose functions are dependent on the redox-active thiol of
its cysteine moiety that serves as a cofactor for a number
of antioxidant and detoxifying enzymes. While synthe-
sized exclusively in the cytosol from its constituent amino
acids, GSH is distributed in different compartments, in-
cluding mitochondria where its concentration in the matrix
equals that of the cytosol. This feature and its negative
charge at physiological pH imply the existence of specific
carriers to import GSH from the cytosol to the mitochon-
drial matrix, where it plays a key role in defence against
respiration-induced ROS and in the detoxification of lipid
hydroperoxides and electrophiles. The present study dem-
onstrated a significant reduction in the GSH content which
may relate to either the inhibition of GSH synthesis or
increased utilization of GSH for detoxification of toxicant
induced free radicals. The decrease in mitochondrial GSH
suggests that the oral administration of LC may lead to
excessive free radical generation. These free radicals
might be attacking the thiol group of cysteine residues and
polyunsaturated fatty acids of biological membranes
(Raina et al, 2009). These findings run parallel with that
previously reported by Omotuyll et al, (2006) who re-
corded a significant decrease in the GSH content after oral
administration of cyfuthrin for 15 weeks. Also, Raina et
al, (2009) recorded a significantly decline in blood glu-
tathione after 30 days of cypermethrin dermal application.
However Kale et al, (1999) recorded an increase in GSH
content in erythrocyte after oral administration of a single
dose of cypermethrin and or fenvalerate to rats. Sharma et
al, (2014) showed that cypermethrin treated group (at the
dose of 3.83 mg / kg bw for 7 days) showed elevation in
lipid peroxidation and inhibition in glutathione in Wister
rat brain. In addition, Abbassy et al, (2014) observed sig-
nificant decrease in GSH after treatment of rats with
lambda cyhalothrin in a dose equal 2.6 mg / kg bw, for 6
weeks (3 doses / week). Reduced mitochondria GSH con-
tent lead to H,O, accumulation that can cause lipid peroxi-
dation and cell injury (Martin et al, 2000). Oxygen free
radical induced lipid peroxidation, which damaged to cell
membranes and developed tissue injury (Sener et al,
2005). The present results pointed out high elevation of
lipid peroxidation in rat liver mitochondria while propolis
supplementation reduced the lipid peroxidation induced by
LC. Propolis treatments related to scavenging free radi-
cals, elevate GSH content in the cell and normalizing the
membrane effects by protecting the lipid constituent of
cell membrane of treated rats (Abdel- Mobdy and Abdel-
Rahim 2015). The present data confirmed by study of the
mitochondrial subunit composition using SDS-PAGE,
which reveals conformational changes in mitochondrial
protein pattern; coalescence and indistinct of the LC toxi-
cated subunit bands indicates a protein with lot of hydro-
phobic region, suggestion the presence of LC. Change in
the band intensity may be related to the level of enzymes
(GST isomers appear usually between 24 to 30 kDa range)
Also, may be due to the pesticide property and time elapse
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after treatment. However, mitochondrial preparation of
rats treated with propolis supplemented with LC is charac-
terized by a distinct subunit bands and two minor bands of
the kDa 30 and 14 molecular weight proteins, each one of
them appears on the gel as one polymeric structure entail-
ing that the protein retains its activity and showing the
propolis hepatoprotective role.

Conclusion

The decrease in NADH dehydrogenase and ATPase ac-
tivities and increased ROS suggest an overall perturbation
of the electron transfer pattern leading to a mitochondrial
dysfunction as a result of LC toxicity. Propolis attenuates
the LC- induced liver injury by blocking the oxidative
stress due to its high content of antioxidant ingredients. So
the present work recommends the use of propolis as anti-
oxidant food supplement that improves liver function
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