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Abstract
In this study, the effect of diosmin against the adverse effects of lead exposure in rats was investigated. Wistar Albino race 40 male
rats weighing 150–200 g 2–3 months were used. A total of 4 groups were assigned, one of which was control and the other 3 were
trial groups. The rats in the control group were treated with dimethyl sulfoxide, which was used only as a vehicle in diosmin
administration. Groups 2, 3, and 4 from the experimental group were given diosmin at a dose of 50 mg/kg.bw, lead acetate at the
dose of 1000 ppm, lead acetate at the dose of 1000 ppm, and diosmin at a dose of 50mg/kg.bw for 6 weeks, respectively. Application
of lead acetate with drinkingwater and also diosminwas performed by oral catheter. At the end of the experimental period, bloodwas
taken to dry and with heparin by puncture to the heart under light ether anesthesia. Following the blood samples, some organs of the
rats (the liver, kidney, brain, heart, and testis) were removed. Some biochemical parameters (glucose, triglyceride, cholesterol, BUN,
creatinine, uric acid, LDH, AST, ALT, ALP, total protein, albumin) were measured in serum. Some oxidative stress parameters in
tissue samples and blood (MDA, NO, SOD, CAT, GSH-Px, GSH) were evaluated. Body and organ (the liver, kidney, brain, heart,
and testis) weights were also evaluated at the end of the study. No significant change was observed in the parameters examined in the
diosmin alone-treated group by comparison to control group. On the other hand, significant changes were found in the values of lead
acetate-treated group comparing control group. It was observed that the values approached the values of the control group in the
combination of lead and diosmin. Exposure to lead acetate at a dose of 1000 ppm for 6 weeks causes organ damage; however the
diosmin application at a dose of 50 mg/kg.bw had a positive effect on the regression of tissue damage.
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Introduction

Lead (Pb) is included in the heavy metals whose atomic num-
ber is 82. It is a durable metal (Rusyniak et al. 2010; Jomova
and Valko 2011) and is used in many industrial applications
due to its many physical-chemical properties (Gottesfeld and
Pokhrel 2011). The inorganic lead is a cumulative compound
mainly absorbed by the lungs and gastrointestinal tract; except
for organic lead, its absorption from the skin is very low.
Respiratory tract is the most important pathway for workers

and 4–50% of inhaled lead enters the bloodstream. Particle
size is important in inhalation absorption. Approximately
10% of the dietary intake is absorbed (Sakai 2000; Sanborn
et al. 2002; Papanikolaou et al. 2005; Patrick 2006a).
Gastrointestinal lead transmission is higher in offspring than
in adults. Gastric bowel absorption and retention, structure,
and composition of the gastrointestinal cavity vary depending
on age and the iron content of the diet (nutritional status of the
person) and the chemistry of the environment. Some dietary
components (such as ascorbic acid, amino acids, vitamin D,
protein, fat, and lactose) increase the absorption of lead. In
addition, the exposure reduces the absorption of iron, calcium,
and phosphorus or zinc from the intestine (Furst 2002; Ros
and Mwanri 2003; Papanikolaou et al. 2005; Alissa and Ferns
2011). Blood lead levels account for 1–5% of the total body
weight, especially in the body accumulates in bones and other
calcified tissues. Plasma lead concentration is lower than
the target organs (i.e., the brain, lungs, spleen, renal cortex,
teeth, and bones) (Miller et al. 1983; Papanikolaou et al.
2005). Exposure to lead affects target organ/systems.
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Exposure to this metal/metalloid triggers a number of com-
mon mechanisms underlying toxicity, including oxidative
stress activation, reaction with sulfhydryl groups, and in-
teraction with basic metals. In particular, lead binds to en-
zymes having sulfhydryl groups and causes imbalance of
oxidant/antioxidant. It inhibits the activity of delta-
aminolevulinic acid dehydratase and glutathione reductase
from specific sulfhydryl-containing enzymes. This metal
affects the activity of glutathione reductase, glutathione
peroxidase, and glutathione-S-transferase (Ercal et al.
2001; Wang and Fowler 2008; Sanders et al. 2009;
Hirsch et al. 2010). Lead exposure causes free radical dam-
age in different ways. This can be expressed as the produc-
tion of reactive oxygen species (ROS), including singlet
oxygen and hydrogen peroxide, and depletion of antioxi-
dant natural component reserves. In the biological system
where ROS production increased, antioxidant reserves
were depleted simultaneously (Patrick 2006a, b; Flora
et al. 2012).

Diosmin (C28H32O15, diosmetin 7-O-rutinoside), a part of
the flavonoid family, hesperidin derivative, is a natural flavone
glycoside and is found in the abundance on the outer shell of
various citrus fruits. This flavon is easily obtained by dehydro-
genation of glycoside hesperidin and 608.545 g/mol of molec-
ular weight. Diosminwas isolated from Scrophularia nodosa L.
in 1925 and was introduced therapeutically in 1969. Diosmin is
different from hesperidin by the presence of a double bond
between two carbon atoms in the C-ring of the molecule, which
contains a sugar molecule bound to the tri-ring flavonoid struc-
ture. In addition, diosmin may be produced following the ex-
traction of hesperidin, and this is in the form of the conversion
of hesperidin to diosmin (Bogucka-Kocka et al. 2013; Patel
et al. 2013; Srinivasan and Pari 2013; Suică-Bunghez et al.
2015; Bertozzi et al. 2017; Buddhan and Manoharan 2017;
Mirshekar et al. 2017). Diosmin rapidly converts to diosmetin
in the form of aglycone in the intestinal flora. Diosmetin has a
plasma half-life of 26 to 43 h. Diosmetin is reduced to phenolic
acids or to their glycine-conjugated derivatives and is eliminat-
ed by urine (Ramelet 2001; Srinivasan and Pari 2012; Giannini
et al. 2015; Russo et al. 2015).

Although there are studies on the effects of other flavo-
noids against the potential of lead to oxidative stress of lead/
lead acetate (Wang et al. 2012, 2013; Ozkaya et al. 2016,
2018; Aksu et al. 2017), it has not been found that the study
of investigation of the possible effect of diosmin in cases of
poisoning with this metal in question. Studies on alternative
treatment options against lead intoxication include the use of
the chelating agent (Llobet et al. 1990; Tandon et al. 1997;
Smith and Strupp 2013) which is often preferred to remove the
systemic circulating component. However, chelating agents
are also known to have individual toxic/adverse effect (Jaffe
et al. 1968; Kean et al. 1980; Aposhian 1983, Aposhian et al.
1995; Sachan et al. 1996; Mehta and Flora 2001; Mehta et al.

2002; Blanusa et al. 2005; Flora and Mehta 2003; Flora et al.
2004, 2007a, b; Bradberry and Vale 2009; Cao et al. 2015;
Amadi et al. 2019) and cause oxidative stress (Mehta and
Flora 2001; Mehta et al. 2002; Flora and Mehta 2003; Flora
et al. 2004, 2007a, b). Since lead causes oxidative stress (Wang
et al. 2012, 2013; Ozkaya et al. 2016; Aksu et al. 2017) and it is
among the poisoning mechanisms of the metal (Jomova and
Valko 2011; Rashid et al. 2013; Wani et al. 2015; Valko et al.
2016;Mitra et al. 2017), especially in terms of determining new
treatment options against these negative effects of lead, it is
very important to investigate the possible effects of diosmin,
which has strong antioxidant properties (Silambarasan and Raja
2012; Barreca et al. 2013; Hajimahmoodi et al. 2014; Naso
et al. 2016). In this respect, the study is original. In addition,
the results will be significant in terms of shedding light on
future studies. For this purpose, animals were given alone and
together with lead acetate and diosmin for 6 weeks. After the
compound application to animals is finished, some biochemical
parameters and oxidative stress parameters in blood and tissue
samples were evaluated. Body and tissue weights were taken at
the end of the study. Thus, the effect of diosmin against the
adverse effects of lead acetate exposure with all the parameters
expressedwas investigated. In particular, in this study, the effect
of diosmin antioxidant/radical scavenging activity on lead poi-
soning process against high levels of free radicals produced by
said metal in rats will be examined.

Material and method

Instruments, chemicals, and kits

The instruments and materials used in the study consist of UV-
VIS spectrophotometer (ThermoHelios Alpha Double-beam),
cooled centrifuge (Sigma 3K30), and mechanical homogeniz-
er (Heidolph Silent Crusher M). In the experiment, diosmin
(Sigma D3525) and lead acetate (Sigma 316512) were obtain-
ed from Sigma-Aldrich, St. Louis, MD, USA. The chemicals
used in the analysis of oxidative stress parameters are of
Merck KGaA, Darmstadt, Germany, and Sigma-Aldrich, St.
Louis, MD, USA. Serum biochemical parameters were mea-
sured by autoanalyzer. The devices and kits used are the same
brand (Cobas, Roche Diagnostics, Rotkreuz, Switzerland).

Animal material

Total 40 Wistar Albino race, 150–200 g weight, 2–3 months
old male rats were used in the study. The animals were equally
divided into 4 groups. The animals were kept in stable condi-
tions (22–24 °C 12 h light/dark). A maximum of 4 rats were
placed in each of the cages where the animals were housed (in
the polyethylene structure). Therefore, three cages with the
same characteristics were used for each group. The feeds
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(23% crude protein, 7% crude cellulose, and pellet feed con-
taining 3100 kcal/kg metabolic energy) and drinking water
were maintained in front of them throughout the trial.

Group 1 was kept as control, and the animals were given
only feed, water, and vehicle (dimethyl sulfoxide (DMSO)/
deionized water; 4/6; 5 ml/kg.bw volume).

Group 2 was administered to the rats at the oral dose of
diosmin 50 mg/kg.bw (in DMSO) once daily for 6 weeks.

Group 3, drinking water containing lead acetate at
1000 ppm was continuously maintained for 6 weeks in front
of the rats, and drinking water containing lead acetate was
renewed every day.

Group 4, 1000 ppm dose of lead acetate containing drink-
ing water was kept in front of the rats for 6 weeks, and the
drinking water was renewed every day. At the same time, the
rats were administered once a day on the same day with a
catheter at a dose of 50 mg/kg.bw (in DMSO) for 6 weeks.
In the determination of the dose of lead acetate (Kang et al.
2009; Asadpour et al. 2013; Samarghandian et al. 2013) and
diosmin (Jain et al. 2014; Eraslan et al. 2017) used in the
study, the previous studies were based.

Daily water consumption was also detected in all groups
during the study, and no significant difference was found be-
tween the groups during the trial. The average daily water
consumption during trial periods for groups 1, 2, 3, and 4 is
112.4 ml/kg bw/24 h, 111.6 ml/kg bw/24 h, 111.9 ml/kg bw/
24 h, and 112.3 ml/kg bw/24 h, respectively.

Collection of samples

At the end of the 6th week of administration of lead acetate
and diosmin, the animal was taken to light ether anesthesia
and to heart was entered and blood samples were taken to the
anticoagulant (lithium heparin)/dry tubes. After cervical dis-
location, the liver, kidney, brain, heart, and testes were re-
moved. The body weights were taken before the end of the
study, and the weights of the organs were taken after
euthanasia.

Washing of erythrocytes and preparation
of hemolysate

The blood in the anticoagulant tubes was centrifuged and the
plasmas were taken. After removal of the platelet and leuko-
cyte layer of the part containing the blood-shaped elements,
the erythrocyte compartment was vortexed by mixing with
saline phosphate buffer solution (pH 7.4), centrifuged with
3000 rpm for 10 min, and then washed three times. The re-
maining erythrocyte layer was mixed gently with the same
volume of saline phosphate buffer solution (Winterbourn
et al. 1975). The prepared samples were placed in the freezer
(-80 °C). Before starting the analyses, samples were allowed
to thaw at room temperature and then hemolyzed with 1/5 ice-

cold saline buffer. Prepared hemolysate was used to evaluate
the amount of hemoglobin and catalase (CAT) and glutathione
peroxidase (GSH-Px) activities. At the same time, the remain-
ing hemolysate was vortexed with chloroform/ethanol (6/10
v/v) by rotating for 10min in a cooled centrifuge (+4 °C) set at
3000 rpm, and the upper phase was used for the measurement
of superoxide dismutase (SOD) activity.

Preparation of tissue homogenate

After removing the organs of the animals in all groups, they
were cleaned with ice-cold saline phosphate buffer and puri-
fied from blood and connective tissue. One gram of the all
tissues were homogenized in 4 ml of buffer solution and adjust
the pH to 7.2 with 5 N NaOH and 1000 ml for 30 sec at
20000 rpm with the help of mechanical homogenizer. The
homogenate was rotated in the Eppendorf tube at 15000 rpm
for 45 min, and the supernatant was transferred to separate
Eppendorf tubes.

Oxidative stress parameters

In the determination of plasma malondialdehyde (MDA) con-
centration, the method defined by Yoshioka et al. (1979) was
preferred. The measurement of tissue MDA levels was based
on the method reported by Ohkawa et al. (1978). Absorbances
read was calculated using the 1.1.3.3 tetraethoxypropane pre-
pared curve as the nmol/ml and nmol/mg-protein. In the mea-
surement of erythrocyte hemoglobin amount, the method pre-
sented by Fairbanks and Klee (1987) was used. The data ob-
tained were evaluated in terms of mgHb/ml hemolysate. In the
measurement of tissue protein level, the method modified by
Miller (1959) was used based on the method of Lowry et al.
(1951). Quantification of absorbance readings was calculated
as mg-protein/ml supernatant. In the measurement of erythro-
cyte and tissue CAT activity, Luck’s (1965) method was used.
The data were calculated in k/gHb and k/g-protein. The anal-
ysis of SOD activity in the samples was performed according
to the method described by Sun et al. (1988). The absorbances
obtained were evaluated as U/mgHb and U/mg-protein. GSH-
Px activity in test samples was performed bymethod of Paglia
and Valentine (1967). The absorbance values obtained were
calculated as μmol NADPH+/min/gHb and μmol NADPH+/
min/g-protein. Nitric oxide (NO) levels in the samples were
determined by the method described by Tracey et al. (1995).
The results were calculated as nmol/ml or nmol/mg-protein.
Beutler (1975) method was used in the analysis of tissue glu-
tathione (GSH) level. The results obtained were calculated in
nmol/ml or nmol/mg-protein.
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Analysis of some biochemical parameters

The determination of serum glucose, triglyceride, cholesterol,
blood urea nitrogen (BUN), creatinine, uric acid, lactate dehy-
drogenase (LDH), aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP), total
protein, and albumin levels/activities, Roche Cobas brand
kit, and the same brand autoanalyzer were used for detection.

Statistical calculations

SPSS 13.0was used as the statistical program for the statistical
calculation. Evaluations were given as arithmetic mean and
standard deviation. One-way analysis of variance (ANOVA)
and Tukey test (based on p < 0.05) were used to determine the
differences between the groups.

Results

Diosmin alone-applied group

Biochemical and oxidative stress parameters examined, body
weight, organ weight, and organ weight/body weight ratio of
diosmin-treated group did not change significantly compared
to the control group (Table 1, 2, 3, 4, 5, 6, 7 and 8).

Lead acetate alone-applied group

There was a significant increase in MDA and NO levels of all
the plasma/tissues examined, while a decrease of the plasma
GSH levels and erythrocyte SOD, CAT, and GSH-Px activi-
ties was observed in the animals treated with lead acetate
compared to the control group. The activity of liver SOD
and GSH-Px and the levels of GSH were decreased, but
CAT activity was increased. Elevation of SOD and CAT ac-
tivity and decrease of GSH-Px and GSH level/activity were
observed in renal tissue. There was an increase in brain tissue

CAT activity and a decrease in SOD and GSH-Px activity and
GSH levels. SOD, CAT, GSH-Px activity, and GSH levels
were decreased in cardiac tissue. There was a decrease in
SOD, GSH-Px, and GSH activity/level of testis tissue, while
there was an increase in CAT activity (Tables 1, 2, 3, 4, 5, 6).
Reduction of glucose, total protein, and albumin levels in
biochemical parameters in the lead acetate-applied group ac-
cording to the control group and an increase in triglyceride,
cholesterol, BUN, creatinine, uric acid, LDH, AST, ALT, and
ALP activity/level were observed. While there was a rising in
the weight of liver, kidney, and heart tissue, the decrease in the
weight of brain and testicular tissue was determined (Table 7).
There is an increase in the ratio of organ/body weight of the
liver, kidney, heart, and testis. A meaningful decrease in body
weight was also showed (Table 8).

Group applied the combination of diosmin and lead
acetate

The obtained values converge towards the control group.
According to the control, important changes are observed in
the activity of erythrocyte CAT, the activity of liver SOD,
renal NO level and GSH-Px activity, brain GSH level, heart
SOD, CAT, GSH-Px activities and GSH level, testis SOD, and
CAT activity (Tables 1, 2, 3, 4, 5, 6). There are significant
changes in cholesterol level and LDH activity from biochem-
ical parameters (Table 7). There are also significant differ-
ences in the organ weight, organ weight/body weight ratio of
the kidney tissue and organ weight/body weight ratio of testis,
and the body weight (Table 8).

When the values of lead acetate-treated group were com-
pared with lead acetate plus diosmin-treated group, plasma
MDA, NO and GSH levels, and erythrocyte SOD and CAT
activities; liver MDA, NO, CAT, and GSH-Px activities/
levels; kidney MDA, NO, SOD, CAT, and GSH-Px
activities/levels; brain MDA, SOD, CAT, GSH-Px, and GSH
levels/activities; heart MDA, NO, SOD, and GSH-Px
activities/levels; and testis SOD, CAT, GSH-Px, and NO

Table 1 Plasma/erythrocyte oxidative stress parameters of rats treated with diosmin and lead acetate alone/in combination

Parameters Groups

Group 1
(Control)

Group 2
(Diosmin)

Group 3
(Lead acetate)

Group 4
(Lead acetate plus diosmin)

MDA (nmol/ml) 4.93 ± 0.56a 4.58 ± 0.53a 7.96 ± 0.90b 5.26 ± 1.39a

NO (nmol/ml) 24.84 ± 2.05ab 27.68 ± 3.62b 41.25 ± 5.68c 23.12 ± 2.27a

SOD (U/mgHb) 2.32 ± 0.60a 2.43 ± 0.37a 1.64 ± 0.31b 2.15 ± 0.12a

CAT (k/gHb) 114.41 ± 21.38a 99.02 ± 12.36a 57.33 ± 12.26c 78.99 ± 5.78b

GSH-Px (μmol NADPH+/min/gHb) 46.81 ± 16.71a 41.60 ± 6.71a 24.60 ± 7.54b 36.92 ± 8.76ab

GSH (nmol/ml) 238.20 ± 28.11a 240.15 ± 42.06a 153.27 ± 33.79b 209.89 ± 50.65a

a,b,c Group data expressed in different letters on the same line are statistically significant (p < 0.05)
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levels/activities have significant differences (Tables 1, 2, 3, 4,
5, 6). Evident changes were observed in uric acid, LDH, AST,
ALT, and total protein levels/activities (Table 7). A meaning-
ful difference was found in the weight of the liver and testis;
the liver, kidney, and heart weight/body weight ratio; and
body weight (Table 8).

Discussion

Some of the known biochemical mechanisms of lead toxicity
are the effects of antioxidant defense system components and
lead to oxidative damage by causing degradation in the pro-
oxidant/antioxidant balance. As a result of lead exposure,
changes in hepatic cholesterol metabolism, lipid peroxidation
as a result of increased ROS production, suppression of anti-
oxidant enzymes activity, decrease in GSH levels, mitochon-
drial dysfunction, oxidative DNA damage, and ultimately ap-
optosis are observed (Gurer and Ercal 2000; Hsu and Guo
2002). Oxidative stress is one of the known pathways of the
mechanism of lead exposure/toxicity at the molecular level.
This occurs when one or more unpaired electron structures of
free radicals exceed the capacity of antioxidant defense mech-
anisms that provide protection against the harmful effects of

free radicals. Along with the depletion of glutathione and other
sulfhydryl groups, changes in the activity of various antioxidant
enzymes that prevent lipid peroxidation play an important role
in lead-induced oxidative tissue damage. In the case of lead
exposure, superoxide ions, hydroxyl radicals, and hydrogen
peroxide production are accelerated from free radicals. Lead
has toxic effects on cell membrane structure and function.
The effects on the erythrocyte membrane are highly sensitive
to lead. Another mechanism for lead-induced membrane oxida-
tive damage is its effect on changes in membrane fatty acid
composition. Since there is a correlation between fatty acid
chain length and unsaturation and peroxidation and membrane
sensitivity, the increase in arachidonic acid leads to an aggrava-
tion of membrane lipid peroxidation (Croft 1998; Ercal et al.
2001; Firuzi and Miri 2011; Jomova and Valko 2011; Flora et
al. 2012; Carocci et al. 2016). The most commonly used pa-
rameters for the evaluation of lead poisoning are the GSH level
and the antioxidant enzymes SOD, CAT, and GSH-Px. GSH-
Px, CAT, and SOD known as also metalloproteins show anti-
oxidant effect by detoxifying peroxides (-OOH), hydrogen per-
oxide (H2O2), and single oxygen (1O2), enzymatically. The
CAT converts H2O2 into H2O and O2, respectively. It takes an
important role in the degradation of H2O2. GSH-Px requires
GSH for the degradation of peroxides and serves to decompose

Table 3 Kidney oxidative stress parameters of rats treated with diosmin and lead acetate alone/in combination

Parameters Groups

Group 1
(Control)

Group 2
(Diosmin)

Group 3
(Lead acetate)

Group 4
(Lead acetate plus diosmin)

MDA (nmol/mg-protein) 0.53 ± 0.09a 0.58 ± 0.09a 0.90 ± 0.18b 0.67 ± 0.14a

NO (nmol/mg-protein) 0.96 ± 0.17b 0.84 ± 0.15bc 1.22 ± 0.17a 0.74 ± 0.13c

SOD (U/mg-protein) 0.66 ± 0.08a 0.64 ± 0.07a 0.86 ± 0.04b 0.62 ± 0.05a

CAT (k/g-protein) 121.65 ± 14.24bc 109.00 ± 17.28c 223.56 ± 67.85a 153.72 ± 22.19b

GSH-Px (μmol NADPH+/min/g-protein) 37.61 ± 5.21a 34.90 ± 8.12ab 19.28 ± 2.97c 28.02 ± 7.82b

GSH (nmol/mg-protein) 5.07 ± 1.19a 5.61 ± 1.53a 3.81 ± 0.68b 4.84 ± 0.18ab

a,b,c Group data expressed in different letters on the same line are statistically significant (p < 0.05)

Table 2 Liver oxidative stress parameters of rats treated with diosmin and lead acetate alone/in combination

Parameters Groups

Group 1
(Control)

Group 2
(Diosmin)

Group 3
(Lead acetate)

Group 4
(Lead acetate plus diosmin)

MDA (nmol/mg-protein) 0.46 ± 0.08a 0.44 ± 0.07a 0.61 ± 0.15b 0.42 ± 0.06a

NO (nmol/mg-protein) 0.47 ± 0.06a 0.48 ± 0.09a 0.69 ± 0.10b 0.48 ± 0.04a

SOD (U/mg-protein) 0.38 ± 0.10a 0.34 ± 0.09ab 0.21 ± 0.04c 0.27 ± 0.07bc

CAT (k/g-protein) 417.06 ± 49.21a 438.28 ± 83.56a 515.67 ± 47.56b 400.29 ± 67.73a

GSH-Px (μmol NADPH+/min/g-protein) 39.85 ± 12.95a 34.46 ± 13.61a 14.16 ± 5.80b 29.80 ± 12.38a

GSH (nmol/mg-protein) 5.43 ± 1.15a 5.54 ± 1.59a 3.51 ± 0.57b 4.53 ± 0.96ab

a,b,c Group data expressed in different letters on the same line are statistically significant (p < 0.05)
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lower and less stable H2O2. These antioxidant enzymes are
potential targets for lead toxicity. The other is SOD and there
are two subtypes, MnSOD and CuSOD. There is a close rela-
tionship between SOD and low copper levels in the blood.
Exposure to lead leads to a decline in the level of copper and
consequently indirectly decreases SOD activity (Croft 1998;
Firuzi and Miri 2011; Carocci et al. 2016). One of the effects
of lead exposure is glutathione metabolism. Glutathione is a
tripeptide containing a reactive -SH group having a reducing
power. Accordingly, GSH plays a vital role to protect living
cells or tissues against oxidative stress/lipid peroxidation. The
direct interaction of the -SH groups with ROS acts as a nonen-
zymatic antioxidant or is involved in enzymatic detoxification
reactions as a cofactor/coenzyme for ROS. There are a carbox-
ylic acid group, an amino group, a sulfhydryl group, and two
peptide bonds to which the metals are attached. The lead binds
to the -SH group, which reduces the level of GSH, and a low
GSH level directly or indirectly affects antioxidant activity
(Gurer and Ercal 2000; Hsu and Guo 2002; Patrick 2006a, b).
The inactivation of these antioxidant enzymes by the lead
(SOD, CAT, and GSH-Px) is also associated with the replace-
ment of zinc, an important cofactor. Apart from lipid peroxida-
tion, it induces Hb oxidation which causes hemolysis of eryth-
rocytes. This is associated with ALAD inhibition and leads to
an increase in the concentration of urine/blood ALA substrate.

The high level of ALA results in the formation of hydrogen
peroxide and superoxide radicals which interact with hydroxyl
radicals and oxy-Hb. The mechanism makes the cell highly
sensitive to oxidative stress and causes cell death. Single/
divalent cations such as Ca2+, Mg+2, Fe+2, and Na+ are replaced
by lead (Assi et al. 2016; Singh et al. 2018).

Diosmin alone-applied group

One of the various potential mechanisms of flavonoids is that
they function as antioxidants. Most importantly, it is a radical
scavenger by breaking the free radical chain reaction. That
compound is capable of significantly delaying or inhibiting
the oxidation of the substrate when exposed to oxidizable
substrate, even at low concentrations. The special antioxidant
effect of flavonoids is the chelation of metal in cellular struc-
tures that use essential trace elements such as copper or iron
for oxidation. The chelate of catalytic metal ions prevents
reactions that can form highly reactive hydroxyl radicals, for
example, the Fenton reaction. The chelation of the catalytic
metal ions prevents the reactions (Fenton reaction) that can
form highly reactive hydroxyl radicals. The ability of the poly-
phenols to react with metal ions also makes them pro-oxidant
(Croft 1998; Erlund 2004; Flora et al. 2012). Within the scope
of the study, no significant difference was observed in the

Table 4 Brain oxidative stress parameters of rats treated with diosmin and lead acetate alone/in combination

Parameters Groups

Group 1
(Control)

Group 2
(Diosmin)

Group 3
(Lead acetate)

Group 4
(Lead acetate plus diosmin)

MDA (nmol/mg-protein) 1.08 ± 0.18a 1.21 ± 0.20a 1.73 ± 0.37b 1.23 ± 0.24a

NO (nmol/mg-protein) 1.07 ± 0.31a 0.92 ± 0.11a 1.37 ± 0.19b 1.14 ± 0.19ab

SOD (U/mg-protein) 1.51 ± 0.47a 1.23 ± 0.14a 0.44 ± 0.16b 1.67 ± 0.18a

CAT (k/g-protein) 5.19 ± 2.10a 4.38 ± 0.92a 8.79 ± 1.35b 4.90 ± 1.84a

GSH-Px (μmol NADPH+/min/g-protein) 9.96 ± 2.57a 9.23 ± 2.08a 5.57 ± 1.22b 8.40 ± 1.05a

GSH (nmol/mg-protein) 12.34 ± 2.02a 10.25 ± 2.06ab 7.36 ± 1.72c 9.68 ± 1.86b

a,b,c Group data expressed in different letters on the same line are statistically significant (p < 0.05)

Table 5 Heart oxidative stress parameters of rats treated with diosmin and lead acetate alone/in combination

Parameters Groups

Group 1
(Control)

Group 2
(Diosmin)

Group 3
(Lead acetate)

Group 4
(Lead acetate plus diosmin)

MDA (nmol/mg-protein) 1.07 ± 0.13a 0.99 ± 0.16a 1.49 ± 0.28b 0.92 ± 0.36a

NO (nmol/mg-protein) 1.03 ± 0.15a 0.93 ± 0.22a 1.52 ± 0.23b 1.15 ± 0.10a

SOD (U/mg-protein) 0.65 ± 0.15a 0.57 ± 0.14a 0.19 ± 0.06c 0.38 ± 0.12b

CAT (k/g-protein) 25.23 ± 7.17a 23.31 ± 3.23a 14.84 ± 4.73b 16.29 ± 3.27b

GSH-Px (μmol NADPH+/min/g-protein) 49.40 ± 12.91a 51.72 ± 8.05a 23.41 ± 2.61b 36.68 ± 6.58c

GSH (nmol/mg-protein) 8.05 ± 0.84a 7.80 ± 1.12a 5.99 ± 0.73b 6.48 ± 1.41b

a,b,c Group data expressed in different letters on the same line are statistically significant (p < 0.05)
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parameters examined in the diosmin-treated group, compared
to the control group, indicating that this compound does not
cause a change in the given dose and duration, which may
affect the biological system. They reported that they did not
cause significant differences in blood/tissue oxidative stress
parameters (Srinivasan and Pari 2012; Germoush 2016;
Eraslan et al. 2017; Sharmila Queenthy et al. 2018) and some
biochemical values (Germoush 2016; Eraslan et al. 2017;
Sharmila Queenthy et al. 2018).

Lead acetate alone-applied group

There was a significant increase in all tissue and plasma MDA
and NO levels in animals treated with lead acetate compared
with the control group, whereas liver SOD, GSH-Px activity,
and GSH level decreased, increased CAT activity, elevated
SOD and CAT activity, decline in GSH level and GSH-Px ac-
tivity in renal tissue; increase in CAT activity and decrease in

GSH levels, SOD and GSH-Px activity in brain tissue; de-
creased SOD, CAT, and GSH-Px activity and decreased GSH
levels in cardiac tissue; decreased testicular SOD, GSH-Px, and
GSH activity/levels, increased CAT activity; reduction of eryth-
rocyte SOD, CAT, and GSH-Px activities; and a decrease in
plasma GSH levels clearly show that lead acetate leads to oxi-
dative stress in animals at the specified dose and duration. As
mentioned above in detail, themechanisms that it relies on are as
follows: accelerating the formation of free radicals, disrupting
the structure of cellular membrane and thus altering the compo-
sition of fatty acids, consuming GSH stores, replacing metals
that act as cofactors inmany antioxidant enzymes, increasing the
level of ALA and indirectly increasing the level of free radicals,
and changing the ion transport mechanism it affects and its
calcium-dependent processes, and consequently takes place in
the cause of mitochondrial dysfunction (Gurer and Ercal 2000;
Hsu and Guo 2002; Patrick 2006a, b; Assi et al. 2016; Singh
et al. 2018).

Table 7 Some biochemical parameters of rats treated with diosmin and lead acetate alone/in combination

Parameters Group

Group 1
(Control)

Group 2
(Diosmin)

Group 3
(Lead acetate)

Group 4
(Lead acetate plus diosmin)

Glucose (mg/dL) 301.71 ± 35.42a 303.28 ± 47.43a 235.85 ± 32.44b 285.85 ± 39.54ab

Triglyceride (mg/dL) 135.57 ± 28.83a 126.57 ± 30.48a 182.14 ± 43.80b 153.57 ± 16.60ab

Cholesterol (mg/dL) 58.28 ± 6.42a 59.57 ± 7.99a 75.14 ± 6.93b 70.71 ± 6.60b

BUN (mg/dL) 19.41 ± 1.16ab 19.02 ± 1.36a 26.27 ± 2.70c 22.97 ± 4.05bc

Creatinine (mg/dL) 0.34 ± 0.03a 0.33 ± 0.03a 0.44 ± 0.05b 0.37 ± 0.08ab

Uric acid (mg/dL) 1.10 ± 0.29a 1.42 ± 0.39ab 2.00 ± 0.70b 1.20 ± 0.03a

LDH (U/L) 502.57 ± 149.53b 432.57 ± 94.86b 1292.42 ± 241.68c 774.28 ± 147.82a

AST (U/L) 88.71 ± 10.81a 71.57 ± 5.41a 119.28 ± 23.99b 70.57 ± 11.50a

ALT (U/L) 43.85 ± 7.28a 41.71 ± 5.43a 66.85 ± 18.65b 39.85 ± 4.33a

ALP (U/L) 162.00 ± 26.28a 172.42 ± 36.07a 223.71 ± 43.53b 193.00 ± 24.37ab

Total protein (mg/dL) 6.66 ± 0.75a 6.77 ± 0.83a 5.50 ± 0.54b 5.98 ± 0.31a

Albumin (mg/dL) 4.34 ± 0.60a 4.49 ± 0.48a 3.61 ± 0.41b 3.84 ± 0.19ab

a,b,c Group data expressed in different letters on the same line are statistically significant (p < 0.05)

Table 6 Testis oxidative stress parameters of rats treated with diosmin and lead acetate alone/in combination

Parameters Groups

Group 1
(Control)

Group 2
(Diosmin)

Group 3
(Lead acetate)

Group 4
(Lead acetate plus diosmin)

MDA (nmol/mg-protein) 2.06 ± 0.54a 1.94 ± 0.50a 2.79 ± 0.32b 2.36 ± 0.69ab

NO (nmol/mg-protein) 0.79 ± 0.18a 0.77 ± 0.13a 1.10 ± 0.15b 0.85 ± 0.06a

SOD (U/mg-protein) 0.45 ± 0.06a 0.49 ± 0.12a 0.19 ± 0.07b 0.32 ± 0.13c

CAT (k/g-protein) 10.02 ± 2.32a 10.55 ± 1.65a 17.09 ± 1.94b 13.27 ± 2.00c

GSH-Px (μmol NADPH+/min/g-protein) 6.58 ± 1.70a 6.15 ± 1.01a 3.87 ± 0.65b 6.30 ± 1.56a

GSH (nmol/mg-protein) 7.45 ± 1.07a 7.58 ± 1.25a 5.66 ± 1.47b 6.58 ± 1.36ab

a,b,c Group data expressed in different letters on the same line are statistically significant (p < 0.05)
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The decrease in antioxidant enzyme activities revealed that
free radicals are consumed during conversion to less harmful
and harmless products. On the other hand, as mentioned above,
lead can also lead to enzyme inhibition by replacing other metals
that act as cofactors. The presence of some antioxidant enzyme
activities in some of the studied samples shows that the metal
directly or indirectly (with the free radicals produced) leads to the
induction of the enzyme. A decrease in glucose, total protein, and
albumin levels was observed in lead exposure group for bio-
chemical parameters compared to control group; however, an
increase in triglyceride, cholesterol, BUN, creatinine, uric acid,
LDH, AST, ALT, and ALP activity shows that changes in the
biological system triggers tissue damage. At the same time, dif-
ferences in organ and body weight support this situation. Other
earlier studies on lead exposure have shown similar changes in
blood/tissue oxidative stress parameters (Sandhir and Gill 1995;
Abdel-Moneim et al. 2011; Abdou and Hassan 2014; Agrawal
et al. 2015; Hasanein et al. 2016; Mabrouk 2017; Ozkaya et al.
2018) and biochemical parameters (Suradkar et al. 2010; Abdou
and Hassan 2014; Abdel-Moneim et al. 2015; Agrawal et al.
2015; Hasanein et al. 2016; Mohammed et al. 2017).
Alterations in the body weight and changes in the organs have
been observed in previous studies (Sidhu and Nehru 2004;
Ibrahim et al. 2012; Wang et al. 2012; Ekeh et al. 2015;
Alwaleedi 2016; Hasanein et al. 2016; Mohammed et al.
2017). In the study, it was determined that there was an agree-
ment between the parameters examined and the parameters ob-
tained from previous studies.

Group applied the combination of diosmin and lead
acetate

In the group where both compounds were administered, all
the parameters evaluated were closer to the control group.
Compared with the control group; erythrocyte CATactivity,

liver SOD activity, kidney GSH-Px activity and NO level,
brain GSH level, heart SOD, CAT, GSH-Px activities and
GSH level, and activity of testis SOD and CAT, as well as
the presence of significant differences in biochemical pa-
rameters cholesterol level and LDH activity in addition to
the presence of significant changes in kidney weight, ratio
of kidney weight/body weight, testis weight/body weight,
and body weight show that diosmin administration does not
completely eliminate the negative effects of lead acetate
exposure. Similarly, when the values of lead acetate group
are compared with lead acetate and diosmin co-
administration group, the levels of plasma MDA, NO, and
GSH as well as erythrocytes SOD and CATactivities; MDA,
NO, CAT, and GSH-Px activity/level of the liver; also
MDA, NO, SOD, CAT and GSH-Px activity/level of the
kidney; in addition brain MDA, SOD, CAT, GSH-Px, and
GSH levels/activity; on the other hand heart MDA, NO,
SOD, and GSH-Px activity/level; and finally testis NO,
SOD, CAT, and GSH-Px activity/level of the presence of
significant differences in the same thesis are supported.
Flavonoids are generally known to scavenge free radicals
(Pietta 2000; Bubols et al. 2013). It also results in similar
effects in that it prevents lipid oxidation by binding certain
cofactor essential trace elements (such as iron and copper)
involved in free radical formation reactions (Fernandez
et al. 2002; Nkhili et al. 2014). The mechanism of action
of diosmin can be said to be similar (Cypriani et al. 1993;
Firuzi et al. 2011; Bogucka-Kocka et al. 2013; Hajimahmoodi
et al. 2014). Considering previous studies on diosmin, when
the data obtained from previous studies in terms of oxidative
stress parameters (Srinivasan and Pari 2012; Senthamizhselvan
et al. 2014; Eraslan et al. 2017; Sharmila Queenthy et al. 2018)
and biochemical parameters (Senthamizhselvan et al. 2014;
Eraslan et al. 2017; Sharmila Queenthy et al. 2018) were ana-
lyzed, it was noted that similar results were obtained.

Table 8 Body weight, organ weight, and organ weight/body weight of rats treated with diosmin and lead acetate alone/in combination

Organ Parameters Group 1
(Control)

Group 2
(Diosmin)

Group 3
(Lead acetate)

Group 4
(Lead acetate plus diosmin)

Liver Organ weight (g) 10.28 ± 0.57a 10.49 ± 1.36a 12.33 ± 1.01b 10.40 ± 1.50a

Organ weight/body weight 0.053 ± 0.004a 0.056 ± 0.008a 0.098 ± 0.013b 0.062 ± 0.008a

Kidney Organ weight (g) 1.86 ± 0.20a 2.00 ± 0.27a 2.78 ± 0.24b 2.50 ± 0.23b

Organ weight/body weight 0.009 ± 0.001a 0.011 ± 0.001a 0.022 ± 0.003c 0.014 ± 0.005b

Brain Organ weight (g) 1.70 ± 0.12a 1.68 ± 0.18a 1.24 ± 0.36b 1.49 ± 0.50ab

Organ weight/body weight 0.008 ± 0.0006 0.009 ± 0.001 0.009 ± 0.003 0.009 ± 0.002

Heart Organ weight (g) 0.74 ± 0.08a 0.78 ± 0.09ab 0.87 ± 0.05b 0.81 ± 0.08ab

Organ weight/body weight 0.004 ± 0.0005a 0.004 ± 0.0006a 0.007 ± 0.0006b 0.004 ± 0.0005a

Testis Organ weight (g) 2.35 ± 0.18a 2.43 ± 0.20a 1.96 ± 0.25b 2.44 ± 0.34a

Organ weight/body weight 0.012 ± 0.001a 0.013 ± 0.001ab 0.015 ± 0.002c 0.014 ± 0.001bc

Body weight (g) 192.90 ± 8.87a 186.30 ± 8.35a 127.00 ± 13.89b 165.60 ± 8.63c

a,b,c Group data expressed in different letters on the same line are statistically significant (p < 0.05)
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Conclusion

In conclusion, the lead acetate administered at the specified con-
centration with drinking water and duration caused severe organ
damage. The changes to oxidative stress parameters, biochemical
parameters, and body weight/organ weights indicated this situa-
tion. One of the ways to make this effect is the potential to
generate free radicals. Diosmin in the same time and at the dose
given by the oral dose was found to be effective in alleviating the
damage caused by lead acetate. With the radical scavenging and
antioxidant effect of diosmin, the toxic effect of lead acetate
inducing through this pathway was alleviated. The reversing of
the examined parameters to the control group values also sup-
ports this evaluation. Therefore, diosmin may be used in case of
possible intoxication due to lead acetate exposure, both as a
protective agent and as a supportive agent for the purpose of
supporting the basic treatment methods. In this way, the use as
an additive agent will reduce the negative effects of not only lead
but also probably chelating agent.
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