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Abstract

Background and Objective: Lead is defined as a severe adverse metal that induces neurological, renal, haematological and hepatic
dysfunctions. It stimulates oxidative stress to disrupt the antioxidative enzyme mechanism, organ structure and lipid membranes of the
cell. Kiwifruit (Actinidia deliciosa) isamongst the world's most valuable fruits due to its various pharmacological characteristics and health
benefits. The present research was intended to observe the antioxidant efficiency of kiwifruit ethanolic extract on lead toxicity in the
hepatic, renal, brain and blood tissues in rats. Materials and Methods: Twenty-four adult Wister albino rats were classified into 4 groups
with 6 rats within each group. The rats in group | functioned as normal control. Animals within group Il, lll and IV were given
three intraperitoneal doses of lead acetate (25 mg kg™ b.wt,, liquefied in distilled H,0 as a vehicle) on the day 7th, 14th and 21st of
the experiment. Group Ill and IV were the treatment groups and were treated with a daily oral dose of kiwifruit extract (250 and
500 mg kg~" b.wt., respectively) for 28 days. Results: The protective impact of kiwifruit was observed in the improvement in antioxidant
enzyme activity [Catalase (CAT), Superoxide Dismutase (SOD), Glutathione Peroxidase (GPx) and Glutathione Reductase (GR)] and
decreased level of Lipid Peroxidation (LPO) in the liver, brain and kidney tissues. Additionally, Actinidia deliciosa has a great effect on
increasing acetylcholine esterase activity in the brain and also, improved the delta-aminolevulinic acid dehydratase activity in the blood.
Conclusion: Kiwifruit emerged as an effective factor for the alleviation of lead-induced oxidative damage in cells.
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INTRODUCTION

One of the earliest known environmental contaminants
is inorganic lead and evidence of lead poisoning (Plumbism)
can be traced to Roman times. At least five thousand years
ago, lead production began of lead toxicity resulted from this
period. Lead, which is a light, grey-blue heavy metal'?, is a
major cause of poisoning in domestic animals worldwide.
Lead is a toxic metal in both organic (tetraethyl lead) and
inorganic forms (lead acetate and lead chloride) presentin the
atmosphere? and has been used in pharmaceuticals, carvings,
barrels,ammunition and, more recently, in alloys used to weld
chemical reagent storage materials?.

It is a multi-organ toxicant?®, characterized by enlarged
levels of lead in blood and other pivotal vital tissues of the
body attained via air, food and drinking water’. Lead
poisoning threatens hugely significant organs causes many
undesirable effects in the body causing dysfunctions in the
liver®, brain>” and kidney’.

One of the important mechanisms suggested for lead
toxicity is oxidative stress that has been greatly included in the
overstated accumulation of Reactive Oxygen Species (ROS)
within the cell’. Besides, ROS plays a noteworthy role in the
oxidation of cell lipids, proteins and DNA leading to cellular
damage®. ROS targets the cell membrane triggering oxidation
of lipid bilayer liberating Malondialdehyde (MDA) as the end
product®.

Furthermore, lead attaches to the sulfhydryl groups
existing in the most susceptible targets of antioxidants and
antioxidant enzymes'® and further negatively impacts the
levels of glutathione by inactivating antioxidant enzymes
associated with glutathione. Lead also causing inactivation to
Superoxide Dismutase (SOD) and Catalase (CAT)’®. Lead also
induces apoptosis'® and down-regulated antioxidantenzyme
activity in blood and other body tissues''. Certain deleterious
effects of lead involve diminishing haemoglobin synthesis by
suppressing different main enzymes involved in the pathway
of heme synthesis and also decreasing the life span of
circulating erythrocytes by raising cell membrane fragility
causing anemia'2,

Many natural products have been in use foralong time to
minimize metal-related toxicity. To reduce the adverse
symptoms of lead poisoning, consumption of polyphenols,
flavonoids, vitamins and other bioactive compounds has been
mentioned’. These natural products have a significant role in
lead-related toxicities, as they are documented to massively
reduce oxidative stress by suppressing the pro-oxidative and
increased expression of anti-oxidative factors within the cells
affected’.
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Kiwifruit (Actinidia deliciosa)isamongst the world's most
valuable fruits because of its flavour and health benefits™.
Generally, a significant number of phenolic constituents from
kiwifruit extracts have been recognized™. The fundamental
bioactive components of kiwifruit are distinguished by
phenolic constituents and the ascorbic acid is responsible for
its numerous bioactivities'. In comparative experiments with
apples, oranges, pineapples, peaches, red grapefruit, bananas
and other fruits, elevated levels of total phenolic compounds
and greater antioxidant capacity are observed in kiwifruits'®.
Moreover, only one kiwifruit can accommodate 85% of our
regular requirements for ascorbic acid™.

Consumption of kiwifruits is commonly believed to have
a preventative impact on cardiovascular disease, obesity and
anti-diabetes'. Surely, kiwifruit has been clarified to have
diverse biological activities, such as anti-inflammatory',
antioxidants and anti-proliferative's8,

There is also no detailed study of the effectiveness of
kiwifruit in different tissues such as the brain, liver and kidney
for lead-induced oxidative stress. Accordingly, the research
study was developed to investigate the antioxidant
effectiveness of Actinidia deliciosa ethanolic extract on lead
toxicity in adult albino rats' blood, brain, hepatic and renal
tissues.

MATERIALS AND METHODS

Study site: The study was done out between May 2019 -
May 2020 at the Faculty of Science, Alexandria University,
Egypt.

Chemicals: Lead acetate (99.8%), Elman's reagent [5, 5'-
dithiobis-(2-nitrobenzoicacid], 1-chloro-2, 4-dinitrobenzene],
diethylene triamine pentaacetic, pyrogallol and Thiobarbituric
Acid (TBA) were received from Sigma-Aldrich, Germany.
Tetramethoxypropane and superoxide dismutase were
imported from Sigma Company, USA. Perchloric acid and
Dimethyl Sulfoxide (DMSO) were purchased from Diamond
Company, Germany.Bovine egg albumin, Dithiothreitol (DTT)
and Picrylsulfonic acid (2.4.6-trinitrobenzene sulfonic acid,
TNBS) was purchased from Oxford, India. Moreover, all other
materials were of the highest purity and obtained from Tata
Chemicals Ltd, India. Also, all the materials for the analysis of
kidney functions and liver functions were taken from Bioassay
Systems, USA.

Fruit extract preparation: Actinidia deliciosa (kiwifruit) was
isolated from the peeling skin, then homogenized by a
high-speed hand blender. The fruit ethanolic extract was
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prepared with 70% ethanol (1:1 w/v). Consequently, the
filtrates were concentrated using a rotary vacuum evaporator
(Buchi CH-9230, Germany) and thereafter lyophilized (Xiangyi,
FD-10 Bench-top, China) and stored at -80°C until use. During
the experiment, the required amount of kiwifruit extract
powder was dissolved in distilled water.

Animals: Total 24 male Wister albino rats (130-150 g) were
procured from National Research Centre's animal house, Giza,
Egypt. The animals were housed in clean polypropylene cages
bedded with husk under standard conditions of temperature
(25°Q), humidity (50-60%) and 12 hrs light/dark cycle at the
Animal House of Faculty of Medicine and Alexandria
University, Egypt. Rats have been having a normal diet and
water during this week. The experiments were done rendering
tothe prescribed guidelines of the Institutional Animal Ethical
Committee, the study protocol and all procedures including
the use of laboratory animals were approved (Approval code
No: II-M-22-19).

Experimental design: A total of 24 adult Wister albino rats
were distributed into four groups of six rats each. Animals
were allowed to acclimatize for 1 week before the experiment
started. The rats in group | functioned as control and were
taken ad /ibitum feed and water Animals in group Il Il
and IV were given three intraperitoneal doses of lead
acetate (25 mg kg™' b.wt,, dissolved in distilled water as a
vehicle) at the day 7th, 14th and 21st of the experiment. LDs,
of lead acetate is 150 mg kg~"b.wt.”. Group lll and IV were the
treatment groups and were treated with an oral dose of
kiwifruit extract 250 and 500 mg kg~ b.wt., respectively daily
for 28 days'.

Sample collection: On the 30th day of the experiment animals
were sacrificed under general anaesthetic conditions using the
nose cone method of isoflurane (@ mixture of 30% v/v
isofluranein propylene glycol) and the blood was extracted by
cardiac puncture, some of the blood into heparinized tubes
and were immediately used for the determination of
haematological parameters and the other part centrifuged for
10 min at 3000 X g using PLC-05 series centrifuge (Gemmy
Industrial Corp, Taiwan), the serum was stored at -80°C until
the assays were completed. The kidney, liver and brain were
removed, then immediately washed with cold 0.9% NaCl and
homogenizedin cooled phosphate buffer (0.1M, PH 7.4) using
a homogenizer and then centrifuged at 1500 X g for 15 min to
detach the nuclear debris. Finally, the Post-Mitochondrial
Supernatant (PMS) was reserved at -80°C for biochemical
analysis.
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Haematological study: The percentage volume of Packed
Cells (PCV) was calculated wusing the hematocrit
method as designated by Alexander and Griffiths?®. The
haemoglobin (Hb) concentration in all blood samples was
valued in all samples was measured using Drabkin’s reagent
(purchased from Sigma-Aldrich, Merck KGaA, Darmstadt,
Germany) accepted to the cyanmethemoglobin method
with an absorption maximum at 540 nm, as referenced by
Kratz et a/?' Red Blood Cell (RBC) and White Blood Cell (WBCQ)
counts were quantified using the visual method of Bond and
Richards-Kortum?,

Delta-Amino Levulinic Acid Dehydratase (ALAD) activity:
The delta-Amino Levulinic Acid Dehydratase (ALAD, EC
4.2.1.24) activity was quantified no later than 10 hrs after the
blood sample collection rendering to the reference of Berlin
and Schaller?. The reaction mixture consisted of 250 UL of ALA
(5.0 mM, melted in distilled water), 50 uL of 20 mM DTT, 100 uL
of sodium phosphate buffer (0.25 M, pH 7.4) and 100 pL of
PMS. The test tubes were brood at 37°C for 30 min and then
500 pL 10% TCA, containing 0.1 M HgCl was added to the
mixture. All tubes were centrifuged at 1500 X g for 10 min and
500 pL of the supernatant was collected. This supernatant
was further mixed with an identical volume of freshly
prepared 2 N modified Ehrlich’s reagent (purchased from
Sigma-Aldrich, Merck KGaA, Darmstadt, Germany). After
15 min, the absorbance was estimated at wavelength 555 nm
using a spectrophotometer (Alpha-1502 UV/Visible
Spectrophotometer, Thomas Scientific Company, USA). The
results were expressed as nanomol porphobilinogen (PPB)
formed per hr mL~".

Estimation of Lipid Peroxidation (LPO): LPO was valued
using the method of Ohkawa et a/2*. Briefly, in two test tubes,
50 pL from homogenate or homogenizing buffer (blank) was
added separately to 50 pL of Sodium Dodecyl Sulfate (SDS)
(8.1%) followed by 375 uL of acetic acid (20% containing
0.27% M HCI, pH 3.5), 375 uL of Thiobarbituric Acid (TBA)
(0.8%) and 150 pL of distilled H,O. In a bath of boiling
water, the experiment tubes were incubated for 45 min.
After cooling reaching room temperature, 250 pL of
distilled H,0 was applied to each mixture followed by 1.25 mL
of n-butanol/pyridine mixture. Using a vortex, all tubes were
collected well, then for 10 min, centrifugation at 3000 X g. The
absorption of the pink colour produced by the organic layer
was read against the blank at wavelength 532 nm. The
concentrations of LPO were determined using the standard
curve of Tetramethoxypropane (TMP) and articulated as
nmol MDA mg~" protein.
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Estimation of anti-oxidative enzyme status

Assay for superoxide dismutase activity: Superoxide
Dismutase activity (SOD, EC 1.15.1.1) has been quantified
using the Marklund and Marklund procedure®. In summary,
1000 pL of reagent 1 (240 mg Tris-HCl was dissolved in 70 mL
water, add 39.3 mg Diethylene Triamine Pentaacetic Acid
(DTPA), mix and adjust pH to 8.2 with 1 M HCl) was added to
10 uL of reagent 2 (25.2 mg pyrogallol was dissolved in 10 mL
10 mM HCl), blend well and after that 20 pL of tissue, the
supernatant was added. After that, the samples were
incubated at room temperature for 10 sec. Then, the change
in the absorbance per minute of the established colour was
recorded at420 nm against blank using a Biotech Photometer
Ultraspec 1000 (Labexchange Company, Burladingen,
Germany). The activities of SOD in the samples were
determined as (ng mL™") from the standard curve of SOD. The
specific activities were expressed in ng min~"mg~" protein.

Catalase activity: Catalase activity (CAT; EC 1.11.1.6)
quantified by the procedure of Aebi?. About 100 pL of the
sample was added to 1900 uL of 50 mM phosphate buffer
(pH 7.0). Total 1000 pL of 30 mM Hydrogen Peroxide (H,0,)
was added and a change in absorbance was followed for
3 min at 15 sec intervals using Ultraspec 1000 (Biotech
Photometer from Labexchange Company, Burladingen,
Germany) at wavelength 240 nm. CAT activity was stated as
umoles of H,0, oxidized per min per milligram protein.

Glutathione Reductase (GR) activity: Glutathione reductase
activity (GR, EC 1.6.4.2); was measured in kidney and liver
tissues by the methods of Smith et a/?’. GR activity has
documented the upsurge in the absorbance in the existence
of oxidized glutathione (GSSG) and DTNB (5, 5-dithiobis-2-
nitro benzoic acid). The mixture of reactions composed of
500 pL of 0.2 M potassium phosphate buffer (pH 7.5) having
0.1 mM EDTA, 250 yL of 3 mM DTNB, 50 pL of 2 mM NADPH,
50 pL of enzyme extract and 1450 pL final volume of distilled
water. By adding 50 pL of 2 mM GSSG, the response was
initialized. At 25°C, the raise in absorbance at wavelength
412 nm was observed by a spectrophotometer (Alpha-1502
UV/Visible Spectrophotometer, Thomas Scientific Company,
USA) over 5 min. GR activity has been described as a unit g™
tissue.

Glutathione peroxidase activity: Glutathione Peroxidase
(GPx) activity was calculated by the methods of
Yoshida et a/?8. About 0.1 mL of 1 mM EDTA, 0.1 mL of 1 mM
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sodium azide, 0.01 mL of 1 mM H,0,, 1.49 mL phosphate
buffer (0.1 M, pH 7.4), 0.1 mL of T mM GSH (reduced
glutathione), 0.1 mL of 0.02 mM NADPH and 0.1 mL PMS were
mixed together. NADPH oxidation was valued at wavelength
340 nm by a UV Ultrospec 1000 spectrophotometer (Biotech
Photometer from Labexchange Company, Burladingen,
Germany). The enzyme activity was calculated as nmoles of
NADPH oxidized min~'mg~' protein.
Estimation of acetylcholinesterase levels:
Acetylcholinesterase (AChE) activity assay was done in brain
tissues using Ellman et a/* methods. Briefly, 330 uL of
phosphate buffer (0.1 M, pH 7.8), 20 uL of DTNB (0.0076 M) as
a chromogenic factor and 20 pL of supernatant were loaded
into a 96-well microplate. AChE activity estimation was started
by an addendum of 10 pL acetylthiocholine iodide solution
(0.076 M). Substrate hydrolysis was estimated by two controls,
onetube without acetylthiocholine and another blank without
the sample. Absorption of the 2-nitro-5-thiobenzoate anion,
produced from the reaction was estimated at 405 nm every
60 sec for 10 min at 25°C by Thermo Scientific™ Multiskan™
GO Microplate Spectrophotometer (USA). In supernatant, the
enzyme activity was stated as nmol per mg protein.

Protein estimation: Protein estimation of each sample of liver,
kidney, brain PMS and blood was done by the Lowry
method™®. Bovine serum albumin (6.0 g dL™") was used as
standard and protein concentration in each sample was
measured at 750 nm by a spectrophotometer.

Determination of liver and kidney function markers: For
evaluation of liver function, the concentrations of y-glutamy!
transferase (GGT), Alkaline Phosphatase (ALP), Aspartate
Aminotransferase (AST), Alanine Aminotransferase (ALT),
bilirubin and albumin were analyzed using standard kits
accepted to the manufacturer’'s guidelines by the methods
of Szasz®!, Moss®?, Bergmeyer and Bernt33, Gambino and
Doumas et a/*, respectively. Serum urea and creatinine were
analyzed for assessing kidney function using commercially
available kits according to Wybenga et a/* and Slot¥
methods, respectively.

Statistical analysis: Using the Statistical Program for Social
Sciences software (SPSS) 20, all the data obtained were
subjected to statistical analysis. All the study results have been
displayed as Mean £ SE. Using One Way Analysis of Variance
(ANOVA), the value of p<0.05 was considered as a criterion for
statistical significance.
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RESULTS

Effect of kiwi extracts on some haematological parameters:
The data in Table 1 shows that administration of lead caused
asignificant surgein WBC3528.50%+80.36 X 10°L~"by 28.17%
when compared to the normal control group
2534.231£85.42X10° L' (p<0.05). While the PCV level of the
lead-induced group (28.75+1.94%) was significantly
(p<0.05) lower than that of the control (41.48+1.79%) and
both concentration of kiwi extract treated groups (36.04£0.31
and 40.17%2.03%, respectively). On the contrary, the
RBC of the lead-induced group was 3.31+1.62X1012 L™
that significantly (p<0.05) lower than the control
(3.88+1.79X1012 L™"). However, lead-induced groups
treated with two doses of kiwi extract (3.56x1.24,
3.8611.58X1012 L', respectively) had a significantly higher
RBC than the lead-induced group (p<0.05).

Similarly, the hemoglobin level of the lead-induced group
was 9.02+0.67 g dL™ that significantly (p<0.05) lower than
that of the control (14.12£0.85 g dL™") and both
concentration of kiwi extract treated groups (11.84£0.31
and 13.95%0.64 g dL™, respectively). In the same way, the
percentage volume of packed cells (PCV) of the lead-induced
group was 28.751+1.94% that significantly (p<0.05) lower than
the control (41.48+1.79%). However, lead-induced groups
treated with two doses of kiwi extract 36.04%0.31,
40.17£2.03%, respectively) had a significantly higher RBC
than the lead-induced group (p<0.05).

Effect of kiwi extracts on delta-aminolevulinic acid
dehydratase (ALAD) activity: The results on the blood
delta-ALAD activity are shown in Fig. 1. There was a significant
(p<0.05) decrease in the delta- ALAD activity to 0.267%0.121
nanomol porphobilinogen (PBB) formed h=' mL~" in the lead-
exposed rats when compared to normal control (0.452+0.201
nanomol PBB formed h—" mL™"). Treatment with kiwi extract
(group 3 and group 4) restored the activity of the enzyme
(0.446+0.190and 0.46+0.211 nanomol PBBformed h—"mL"",
respectively) when compared to the lead-exposed group
(p<0.05).

Table 1: Effect of kiwi extracts on some hematological parameters

Effect of kiwi extracts on lipid peroxidation (LPO) in
different tissues: A noteworthy upturn (p<0.05) in the LPO
levels was detected in all of the hepatic, renal and brain tissues
of the lead-intoxicated group (17.36%3.15, 12.56+2.64 and
20.31£3.49 nmol MDA mg~" protein of tissue, respectively)
compared to the control group (5.86%2.14, 3.97%£1.84
and 7.28%+232 nmol MDA mg~' protein of tissue,
respectively) as represented in Fig. 2. Moreover, kiwi extracts
treatment indicated a significant drop in the hepatic, renal
and brain LPO levels compared to the lead-intoxicated
group. The lead-intoxicated rats treated with the kiwi extract
(500 mg kg~' b.wt.) showed a decreasing in the hepatic,
renal and brain LPO levels (6.23+2.05, 4.02£t1.94 and
8.03%+2.37 nmol MDA mg~" protein of tissue, respectively) less
than rats treated with 250 mg kiwi extract kg™ b.wt.
(9.28%£2.24, 7.26+2.51 and 11.45%£3.02 nmol MDA mg™!
protein of tissue, respectively) and also displayed no
significant difference with the control group. However,

=3k
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Nanomol porphobilinogen formed (hr~' mL~")

0.0

Groups

Fig. 1: Delta-aminolevulinic acid dehydratase (ALAD) activity

in the blood of all groups

ALAD levels were expressed as nanomol of porphobilinogen (PBB)
formed hr~' mL~". Values are expressed in Mean®SD, each group
contains 6 animals (n =6). *Significant with a normal control group and
#Significant with the lead group, (p<0.05). Where: Group I: Control
group, Group Il: Lead-intoxicated group. Group llI: Lead-intoxicated
treated with kiwi extract (250 mg kg~ b.wt.) group, Group IV: Lead-
intoxicated treated with kiwi extract (500 mg kg~' b.wt.) group

Animal groups WBC (X 10°L™") RBC (x10™ L") Hemoglobin (g dL™") PCV (%)

| 2534.23+85.42 3.88+1.79 14.12+0.85 41.48+1.79
1l 3528.50+80.36* 331%x1.62* 9.02+0.67* 28.751+1.94*
I} 2869.23+63.41* 3.5611.24%* 11.84+0.31% 36.04+031*
v 2509.72+74.92* 3.86+1.58* 13.9510.64* 40.17£2.03*

Values are expressed in Mean=+SD, Each group contains 6 animals (n = 6), *Significant with a normal control group and #Significant with the lead group, (p<0.05),
where: Group I: Control group, Group II: Lead-intoxicated group, Group lll: Lead-intoxicated treated with kiwi extract (250 mg kg~ b.wt.) group, Group IV: Lead-
intoxicated treated with kiwi extract (500 mg kg=' b.wt.) group, WBC: White blood cell, RBC: Red blood cell, PCV: Percentage volume of packed cells
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25 7

Protein of tissue (nmol MDA mg™")

Fig. 2: Effect of kiwi extracts on lipid peroxidation (LPO) in different tissues
LPO levels were expressed as nmol MDA mg~' protein of tissue. Values are expressed in Mean+SD, each group contains 6 animals (n = 6). *Significant with
a normal control group and *Significant with the lead group (p<0.05). Where: Group I: Control group, Group II: Lead-intoxicated group, Group lI: Lead-
intoxicated treated with kiwi extract (250 mg kg=—' b.wt.) group, Group IV: Lead-intoxicated treated with kiwi extract (500 mg kg~ b.wt.) group

Table 2: Effect of kiwi extracts on anti-oxidative enzyme profile in hepatic tissue of all experimental groups

Animal SOD CAT (nmol of H,0, Gpx (1 moles of GSH GR (ug GSSG utilized
groups (units mg~"' protein) released min~' mg~"' protein) oxidized min~" mg~" protein) min~' mg~! protein)
| 7.871+0.67 30.47+1.48 320.29+3.45 300.53+5.54

Il 4.92+0.52* 10.22+£1.39* 167.25+5.86* 162.47+£4.85*%

1l 6.14+0.61% 25.48+1.26% 285.671+3.69% 240.531+4.94%
v 7.29+0.58* 28.67+1.64% 316.82+4.17* 295.32+7.26*

Values are expressed in Mean=SD, Each group contains 6 animals (n = 6), *Significant with normal control group, *Significant with the lead group, (p<0.05), where:
Group I: Control group, Group II: Lead-intoxicated group, Group lIl: Lead-intoxicated treated with kiwi extract (250 mg kg~ b.wt.) group, Group IV: Lead-intoxicated
treated with kiwi extract (500 mg kg~' b.wt.) group, SOD: Superoxide dismutase, CAT: Catalase, GPx: Glutathione peroxidase, GR: Glutathione reductase

the lead-intoxicated rats treated with the kiwi extract ~ GSSG utilized min™" mg™' protein) as to normal control
(250 mg kg™' b.wt.) still revealed an elevation in the (300.53£5.54 ug GSSG utilized min~' mg~" protein) in liver
concentrations of LPO compared to the control group homogenates. Kiwi extracts treatment also at both doses
(p<0.05). revealed a significant upsurge in GR enzyme activity
(240.531+4.94 and 295.32+7.26 ug GSSG utilized min~'mg™!
Effect of kiwi extracts on antioxidative enzyme profile in protein, respectively) as compared to the lead-intoxicated
hepatic tissue: A significant (p<0.05) falling in CAT activity ~ group in which GR activity was significantly (p<0.05)
was noticed in the lead-intoxicated group (10.22£1.39 nmol  diminished (Table 2).
of H,0, released min~' mg~" protein) as to normal control Also, a significant (p<0.05) reducing in GPx activity was
(30.47+1.48 nmol of H,0,released min~'mg " protein)inliver ~ noticed in the lead-intoxicated group (167.25£5.86 1 moles
homogenates. Treatment of lead-intoxicated rats with kiwi ~ of GSH oxidized min~' mg~" protein) as to normal control
extracts at 250 and 500 mg kg~ b.wt. Displayed a significant ~ (320.29%3.45 umoles of GSH oxidized min~'mg~" protein) in
upsurge in hepatic CAT activity in comparison to the lead-  liver homogenates. However, a momentous (p<0.05) upturn
intoxicated group (25.48+1.26 and 28.67 £1.64 nmol of H,0, in the activity of GPx in kiwi extracts treatment at both doses
released min—"mg~" protein, respectively) as represented in ~ (285.67%3.69 and 316.82+4.17 u moles of GSH oxidized
Table 2. min~'mg~' protein, respectively) when measured to the lead
Additionally, a substantial (p<0.05) droppingin GRactivity =~ group (Table 2). Moreover, the lead-intoxicated group
was noticed in the lead-intoxicated group (162.47+4.85 ug displayed a substantial diminution in the activity of SOD
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Table 3: Effect of kiwi extracts on anti-oxidative enzyme profile in renal tissue of all experimental groups

Animal SOD CAT (nmol of H,0, Gpx (4 moles of GSH GR (ug GSSG utilized
groups (units mg™"' protein) released min~' mg™' protein) oxidized min~" mg~" protein) min~' mg~' protein)
| 5.64+0.74 38.42+1.96 215.24+4.82 201.26+5.37

Il 2.81+0.63* 16.74+2.53* 97.63%5.74* 83.28+4.82%

1] 3.961+0.94% 28.361+1.68% 189.23+4.61* 181.27+3.41%
\% 4.91%0.85* 35.87+2.38" 212.95+5.67¢ 195.78+4.92¢

Values are expressed in Mean=+SD, Each group contains 6 animals (n = 6), *Significant with a normal control group and *Significant with the lead group, (p<0.05), where:
Group I: Control group, Group II: Lead-intoxicated group, Group lll: Lead-intoxicated treated with kiwi extract (250 mg kg~ b.wt.) group, Group IV: Lead-intoxicated
treated with kiwi extract (500 mg kg~' b.wt.) group, SOD: Superoxide dismutase, CAT: Catalase, GPx: Glutathione peroxidase, GR: Glutathione reductase

Table 4: Effect of kiwi extracts on anti-oxidative enzyme profile in brain tissue of all experimental groups

Animal SOD CAT (nmol of H,0, released Gpx (4 moles of GSH GR (ug GSSG utilized
groups (units mg™"' protein) min~' mg~' protein) oxidized min~" mg~" protein) min~' mg~' protein)
| 39.87£3.68 21.51£1.58 50.71+2.63 42.26+3.27

Il 11.79%£2.71* 8.05£1.93% 17.05%£2.24* 16.08+2.76*

Il 23.11£3.57* 16.26E1.72% 39.83£3.11* 27.06£3.23%
[\ 34.28+4.76" 18.93+£2.01 47.15%2.57¢ 38.46£3.09

Values are expressed in Mean = SD, Each group contains 6 animals (n =6), *Significant with a normal control group and *Significant with the lead group, (p<0.05), where:
Group I: Control group, Group lI: Lead-intoxicated group, Group lll: Lead-intoxicated treated with kiwi extract (250 mg kg~" b.wt.) group, Group IV: Lead-intoxicated
treated with kiwi extract (500 mg kg~' b.wt.) group, SOD: Superoxide dismutase, CAT: Catalase, GPx: Glutathione peroxidase, GR: Glutathione reductase

(4.92£0.52 units mg~! protein) in comparison with the 35.87+2.38 nmol of H,0, released min~' mg™' protein,
control animals (7.87£0.67 units mg~' protein) in liver tissue ~ 212.95%5.67 umoles of GSH oxidized min~'mg~'protein and
homogenates (p<0.05). But a remarkable (p<0.05) increase in 195.78%+4.92 ug GSSG utilized min~' mg~' protein,
SOD activity was observed in groups treated with kiwi extracts respectively) than animals treated with 250 mg kg™ b.wt., of
(6.14£0.61 and 7.29%+0.58 units mg~' protein, respectively) kiwi extract in the renal tissue. The antioxidative enzyme
when compared to the lead intoxicated group (Table 2). values in group 4 (500 mg kg™ b.wt., of kiwi extract) were
almost restored to control levels, showing maximum
Effect of kiwi extracts on antioxidative enzyme profile in protection (Table 3).
renal tissue: The result of Table 3 shows the levels of SOD,
CAT, GPxand GRin the kidney tissue for the four experimental Effect of kiwi extracts on antioxidative enzyme profile in
groups. The quantitative data in the table displayed a brain tissue: The present study displays that lead-intoxicated
substantial (p<0.05) drop in the SOD, CAT, GPx and GR treatment causes obvious declines in enzymatic (SOD, CAT,
activitiesin the lead-intoxicated group (2.81+0.63 units mg™' GPx and GR) antioxidant molecules when compares with
protein, 16.74%£2.53 nmol of H,0, released min~'mg~"' protein, the control group (p<0.05) in brain tissue as represented in
97.63%5.74 ymoles of GSH oxidized min~"'mg~'proteinand  Table 4. A significant (p<0.05) descending in CAT activity was
83.281+4.82 ug GSSG utilized min~' mg~' protein, respectively) noticed in the lead-intoxicated group (8.05%1.93 nmol of
when compared with their respective control group  H,0, released min~' mg™" protein) as to normal control
(5.64£0.74 units mg™' protein, 38.42+1.96 nmol of H,0, (21.51%£1.58 nmol of H,0, released min~! mg™" protein) in
released min~' mg™' protein, 215.24£4.82 u moles of GSH brain homogenates. Treatment of lead-intoxicated rats with
oxidized min~! mg~" protein and 201.26%+5.37 ug GSSG kiwi extracts at (250 and 500 mg kg~' b.wt.) protruded out a
utilized min~'mg~" protein, respectively). significantimprovementin brain CAT activity in comparison to
However, the lead-intoxicated treated with kiwi extract thelead-intoxicated group (16.26 £1.72and 18.93£2.01 nmol
(250 mg kg™ b.wt.) group showed an upturn in the SOD,  of H,0, released min~"mg~' protein, respectively).
CAT, GPx and GR activities values in the renal tissue Moreover, a considerable (p<0.05) reducing in GR
(3.96+0.94 units mg™' protein, 28.36+1.68 nmol of H,0,  activity was detected in the lead-intoxicated group
released min~' mg~' protein, 189.23%£4.61 u moles of GSH (16.08+2.76 ug GSSG utilized min~" mg~"'protein) compared
oxidized min~" mg™' protein and 181.27%+3.41 ug GSSG  to normal control (42.26+3.27 pug GSSG utilized min~' mg™
utilized min="'mg~" protein, respectively) when measured to protein) in brain homogenates. Also, both doses of kiwi
alead-intoxicated group and the antioxidative enzymevalues ~ extracts treatment revealed a significant improvement in
still lower than the control group. While the lead-intoxicated GR enzyme activity (27.06%+3.23 and 38.46£3.09 pg GSSG
treated with kiwi extract (500 mg kg™ b.wt.) group showed utilized min~"mg~" protein, respectively) as compared to the
better recovery tissue (4.91£0.85 units mg~' protein, lead-intoxicated group (Table 4).
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Table 5: Effect of kiwi extracts on liver function markers

Animal groups GGT (UL ALT (UL™) AST (UL ALP (IUL™) Albumin (g dL™") Serum protein (g dL™")
| 147.8714.68 14.5614.46 3277491 76.721+3.65 4.08%0.26 7.951+0.68

Il 361.79%+5.61% 89.73+3.72*% 123.1914.23*% 236.631+4.91* 2.261+0.34*% 407x0.71*

1l 203.21+4.57% 48.26+4.21* 56.38+3.37% 115.08+3.47* 3.15+0.42% 6.5110.38*

v 142.28+4.36* 11.0814.34* 28.02+4.38* 73.71£4.12¢ 4.0120.19* 7.87+0.57*

Values are expressed in Mean=SD, Each group contains 6 animals (n = 6), *Significant with a normal control group and *Significant with the lead group, (p<0.05), where:
Group I: Control group, Group II: Lead-intoxicated group, Group lIl: Lead-intoxicated treated with kiwi extract (250 mg kg~ b.wt.) group, Group IV: Lead-intoxicated
treated with kiwi extract (500 mg kg~ b.wt.) group, GGT: y-glutamyl transferase, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, ALP: Alkaline
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Fig. 3: Effect of kiwi extracts on acetylcholinesterase (AChE)

activity in brain tissue

AChE activity was expressed as a pmol~" min=' g=' protein of brain
tissue. Values are expressed in Mean=SD, each group contains
6 animals (n = 6). *Significant with a normal control group and
#Significant with the lead group (p<0.05). Where: Group I: Control group,
Group lI: Lead-intoxicated group, Group lll: Lead-intoxicated treated
with kiwi extract (250 mg kg~ b.wt.) group, Group IV: Lead-intoxicated
treated with kiwi extract (500 mg kg~' b.wt.) group

Similarly, a momentous (p<0.05) diminishing in GPx
activity was observed in the lead-intoxicated group
(17.05%2.24 p moles of GSH oxidized min—'mg~" protein) as
to normal control (50.71%+2.63 u moles of GSH oxidized
min~! mg~' protein) in liver homogenates. Conversely, a
significant (p<0.05) upturn in the activity of GPx in kiwi
extracts treatment at both doses (39.83*3.11 and
47.15%2.57 u moles of GSH oxidized min~' mg~' protein,
respectively) when measured to the lead group (Table 4).
Furthermore, the lead-intoxicated group proved a significant
reduction in the activity of SOD (11.79%2.71 units mg™'
protein) in comparison with the control animals (39.87+3.68
units mg~' protein) in brain tissue homogenates (p<0.05).
While lead-intoxicated rats treated with two doses of kiwi
extracts significantly improved the activity of SOD
(23.11£3.57and 34.28+4.76 units mg~" protein, respectively)
when compared to the lead intoxicated group (p<0.05) in a
dose-dependent manner.
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Effect of kiwi extracts on acetylcholinesterase (AChE)
activity in brain tissue: Lead administration highly affected
brain function; significantly dropped AChE activity was
demonstrated in the brain from the lead-intoxicated group
(26.09%3.08 pmol min~"' g~ tissue) in comparison with the
normal control group (43.61£3.56 ymol min~' g~! tissue)
(Fig. 3).

Treatment of lead-intoxicated rats with kiwi extracts at
both doses (250 and 500 mg kg~ b.wt.) induced a significant
increase in neural AChE activity to 33.74£2.76 and
40.98£2.87 pmol min—'g~" tissue, respectively (Fig. 3).

Effect of kiwi extracts on liver function markers: The effect
on liver function parameters is shown in Table 5. Liver-specific
enzymes viz GGT, ALT, AST and ALP showed a significantly
(p<0.05) increased activity in the lead-intoxicated group
(361.79£5.61, 89.731+3.72, 123.19+4.23 and 236.63+4.91,
respectively) compared to the control group (147.87£4.68,
14.56£4.46,32.77+4.91and 76.72+3.65 U L', respectively).
However, kiwi extracts significantly (p<0.05) decreased GGT,
ALT, AST and ALP levels in treatment groups compared to the
lead intoxicated group.

Additionally, the serum concentrations of total protein
and albumin dwindled in the animals treated with lead
acetate only (4.07£0.71 and 2.26£0.34 g dL™, respectively)
compared to control rats (7.95+£0.68 and 4.08+£0.26 g dL™,
respectively). Moreover, kiwi extracts increased the
levels of serum total protein and albumin significantly
(p<0.05) in animals treated with kiwi extracts at 250 and
500 mg kg~ b.wt., when compared to the lead-intoxicated

group.

Effect of kiwi extracts on kidney function markers: The result
of Fig.4illustrates the influence of kiwi extracts on parameters
of renal function. There was a substantial upsurge (p<0.05)
in serum creatinine and BUN (Blood Urea Nitrogen)
concentration in the group intoxicated with lead (6.97£0.45
and 27.56+0.62 mg dL~!, respectively) compared to the
normal control group (1.08£0.38 and 9.22+0.41 mg dL™,
respectively). However, kiwi extracts significantly reinstated
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Fig. 4: Effect of kiwi extracts on serum creatinine and BUN in

lead-treated rats

Values are expressed in Mean+SD, each group contains 6 animals
(n = 6). *Significant with a normal control group and #Significant with
the lead group (p<0.05). Where: Group I: Control group, Group II: Lead-
intoxicated group, Group lIl: Lead-intoxicated treated with kiwi extract
(250 mg kg~ b.wt.) group, Group IV: Lead-intoxicated treated with kiwi
extract (500 mg kg~' b.wt.) group

the high level of serum creatinine and BUN. A significant
diminution in serum creatinine and BUN concentration was
noticed in groups treated with both doses of kiwi extracts
(250 and 500 mg kg™ b.wt) as compared to the lead-
intoxicated group (Fig. 4).

DISCUSSION

The currentinvestigation was aimed to test the efficiency
of Actinidia deliciosa (kiwifruit) ethanolic extract against
lead-induced oxidative stress in extremely important organs
such as the brain, liver and kidney of Wistar Albino male rats.
The tissue accumulation of lead in the brain, liver and kidney
caused an upsurge in oxidative stress liberating more ROS
which in sequence resulted in the generation of lipid
peroxidation and a decline in the delta-ALAD activity in the
blood is an indicator of lead toxicity3?.

Dwindled erythrocytes count, haemoglobin and PCV
values in rats were drastically reduced by lead exposure®.
Also, Pratush et a/* reported that low-level exposure to
inorganic lead in the workplace may have adverse effects on
definite types of blood cells, decrease haemoglobin content
and cause decreased erythrocytes lifespan and function.
Erythrocytes also have a high lead affinity to fix ninety-nine
percent of the lead in the bloodstream?®. The lead devastating
influence on the membrane of the erythrocytes may initiate
hemolysis or a substantial decline of blood iron, which
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appears to be the explanation for decreasing PCV and Hb
concentrations®. As a result of lead toxicity, this may be due to
the massive inflammatory reaction upon which WBCs are a
significant component. This overall resultis aligned with those
outlined by Ugwuja et a/*'.

Within the current study, the consequence of lead on
erythrocyte and its inhibition on the heme biosynthetic
process may correlate to the significantly low levels of PCV,
RBC and haemoglobin in the lead-induced group compared
with the other groups. Kiwi extract was proved to reverse the
negative effects of lead toxicity. Being existed in the kiwi
extract, caffeic acid proves the highly noteworthy effect of the
kiwi extract in improved the haematological parameters.
Colina et a/* confirmed that caffeic acid has a protective
effect in vitro study on human RBCs.

Moreover, Obafemi et a/° mentioned that lead owns a
major influence on the pathway of heme synthesis by
downregulating three main enzymes that participated in
biosynthesis, in particular delta-Amino Levulinic Acid
Dehydratase (ALAD). ALAD contains a sulfhydryl moiety that
makes it vulnerable to an assault by the lead. Lead stops
ALAD activity and the suppression of ALAD leads to a strong
pro-oxidant overproduction of 5-aminolevulinic acid (ALA).
Superoxide radical and hydrogen peroxide are produced by
ALA levels, react with oxyhemoglobin, triggering its
oxidation®. Ascorbic acid in kiwi extract has an antioxidative
effect on lead toxicity by reviving ALAD activity*.
Ademuyiwa et a/* pronounced that a daily dose of 500 mg
ascorbic acid for two weeks inverted the upshot of the lead on
suppression of ALAD activity. In our experiment, we also
noticed that kiwi extract was able to improve ALAD activity
significantly in a dose-dependent manner. Also, the declinein
ALA production through its strong anti-oxidant properties,
hence declining the oxidative damage in the erythrocyte.

Lead promotes oxidative damage through increasing
substantial elevation in MDA levels which signpost an
increased cellular LPO and propagation of ROS®. In the current
study, lead acetate triggered a considerable rise in LPO
clarified by a risky elevation MDA content in kidney, liver and
brain homogenates, which is consistent with previous
researches®®. However, the kiwi extract significantly
diminished LPO in the liver, kidney and brain organs which
may be owing to the components of the high antioxidant in
the kiwi ethanolic extract that has free radical scavenging
properties as syringic acid*®, cinnamic acid*, ellagicacid*’ and
caffeic acid*.

The endogenous antioxidant enzymes system combat the
free radicals produced through oxidative stress. In the current
investigation, the activities of SOD, CAT, GR and GPx were
declined by the influence of lead toxicity in the hepatic, brain
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and kidney tissues, consequently making tissues more feasible
to oxidative stress as spotlighted in many studies>”. Lead has
a strong affinity to bind with sulfhydryl functional groups of
these enzymes disrupting their activities’”.

Our study found that treatment with kiwi extract restored
the activities of the anti-oxidative enzymes which were
diminished by lead toxicity through emphasizing the
scavenging properties of the kiwi extract against ROS. Ellagic
acid asacomponent of kiwi extract* was known to counteract
DNA damage prompted by the high oxidative due to lead
poisoning. A recent study done by Amirahmadi et a/*
confirmed that ellagic acid has antioxidant properties on the
neurotoxicity of lead-exposed rats by an improvement of
superoxide dismutase, catalase and glutathione peroxidase
activities and inhibition on lipid peroxidation.

The primary focus for lead toxicity is the nervous system.
Several studies documented that lead toxicity can
immediately disturb the activity of acetylcholinesterase (AChE)
activity’'. Also, Liu et al*? stated that lead-induced
neurotoxicity in rats diminishing the AChE activity. Kiwi extract
isa powerful antioxidant that can reduce neurotoxicity caused
by lead intoxication by enhancing the AChE activity. The
current results are in agreement with Akomolafe et a/>3, who
revealed that caffeic acid exhibited improved AChE activity.

A substantial rise in serum urea and creatinine levels had
been seen in lead-administered rats to the extent that kidney
function parameters are concerned, as was also observed in
previous studies’>*. Oxidative stress contributes to accelerated
protein degradation, which raises serum ammonia levels and
urea concentrations’. Induced free radical damage to cells
leading to disruption of the epithelium of the renal cell brush
borderthat makes them impermeable to urea and creatinine®.
Thus, the elevation in the kidney markers owing to minimize
or no tubular absorption of creatinine and urea into the renal
tubules’.

In the present study, treatment with kiwi extract
considerably declined the levels of creatinine and BUN. This
may be owing to the powerful antioxidant potential of kiwi
extract, which counters the oxidative insults generated in the
kidneys as an effect of lead acetate-induced toxicity, indicating
the nephroprotective potential of kiwi extract in lead
intoxication. A previous study by Mahmoud> also reported
that Actinidia deliciosa improves nephrotoxicity caused by
gentamicin in albino rats and increases kidney function by
significantly reducing urea and creatinine levels.

In the present study, lead toxicity caused diminishing in
the hepatic function markers as an indicator of liver injuries.
Lead toxicity caused an enlarged concentration of GGT, ALP,
AST and ALT in the serum of rats as also described in other
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studies’. Additionally, in the current study, there was a
declineintotal protein and albumin levels, which is consistent
with other studies that documented a reducing in total
protein and albumin in rats in response to dose-dependent
lead intoxication®”. In our study, treatment with kiwi extract
effectively reversed the alterations triggered by lead acetate
by lessening GGT, ALT, AST and ALP and improving serum
albumin and total protein, in line with previous studies®”.
Finally, the current study confirms that kiwifruit
(Actinidia deliciosa) gives defence against lead-induced
oxidative stress in different tissues as the blood, liver, kidney
and brain in Wistar Albino male rats. To appreciate the
protective efficiency of these agents in diminishing overall
lead-induced toxicity, especially haematological toxicity,
hepatotoxicity, nephrotoxicity and neuron toxicity,
experimental antioxidant therapy in laboratory animals is
being explored. If the experimental models have positive
outcomes, it might be worth further study to use them in
integration with the existing clinical interventions approved.

CONCLUSION

Kiwifruit (Actinidia deliciosa) markedly prevented lead-
induced oxidative stress in blood, liver, kidneys and brain
throughincreasing the enzymes of the antioxidant systemand
diminishing lipid peroxidation level. Also, kiwifruit has a
potent effect on increasing acetylcholine esterase activity in
the brain and also, improved delta-aminolevulinic acid
dehydratase activity in the blood. Finally, the exact mechanism
and various molecules participating in the defensive effects of
Actinidia deliciosa against lead toxicity need to be studied
deeply.

SIGNIFICANCE STATEMENT

This study proved that kiwifruit (Actinidia deliciosa) can
be valuable asan antioxidantagentat the recommended dose
(500 mg kg~" b.wt.) against lead-induced oxidative stress in
the blood, liver, kidneys and brain through improving the
enzymes of the antioxidant system and diminishing lipid
peroxidation level. As a consequence, this study will open a
modern approach for the researchers to discover a safer and
more efficient treatment for lead toxicity.
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