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Abstract
This study investigated the ameliorative potential of micronized purified flavonoid fraction Daflon on lead-induced alterations in
heme-biosynthetic enzyme delta-aminolevulinic acid dehydratase (δ-ALAD) activity and erythrocytic parameters. Thirty-two
male adult Wistar rats were divided by simple randomization into four groups of eight rats each. Lead acetate was administered
orally at a dose of 190 mg/kg (1/20th of the LD50) body weight for 42 days, either alone or with Daflon at a dose of 100 mg/kg
body weight. Blood lead level (BLL) was analyzed using the microwave plasma atomic emission spectrometer (MP-AES), while
δ-ALAD activity was quantified using assay kit. Erythrocyte parameters (RBC, packed cell volume, Hb, MCV, and MCHC)
were assayed using an automated hematologic analyzer. Erythrocyte osmotic fragility (EOF) was also analyzed using standard
procedure. Sub-chronic exposure to lead acetate caused impairment in δ-ALAD activity, erythrocytic parameters, and increased
EOF. Conversely, Daflon improved the activity of δ-ALAD and erythrocytic parameters by protecting the integrity of the
erythrocyte membrane. The results of our study revealed that sub-chronic exposure of rats to lead acetate induced impairment
in δ-ALAD, erythrocytic parameters, and EOF, while pretreatment with Daflon alleviated the ensued changes, and therefore
suggested that dietary supplementation with Daflon-enriched foods may be a promising prophylactic agent for individuals living
in lead toxicity prone environments.

Keywords Flavonoid . Daflon . Diosmin . Hesperidin . Lead . Delta-aminolevulinic acid dehydratase . Erythrocyte osmotic
fragility

Introduction

An increasing body of knowledge suggests that environmental
pollutants contribute to hematopoietic disorders, especially in
Africa, which has a substantial share of the world’s

environmental pollution (Anakwue and Anakwue 2014;
Kasemy et al. 2019).

Globally, lead (Pb) ranks among the most perilous environ-
mental toxicants, implicated in disease burden of animals and
humans (Mitra and Sharma 2019). Lead toxicity occurs natu-
rally in situations of environmental contamination and occu-
pational exposures (Sancar 2019). A pathology hazard risk
ranking of contaminants identified lead among the five most
toxic pollutants implicated in mining-engendered morbidity
and mortality in human (Bartrem et al. 2014) and animal
(Orisakwe et al. 2017) pollution. In 2010, the World Health
Organization (WHO) published a list of 10 chemicals of hu-
man health concern, of which lead was chief (WHO 2010).
The hematopoietic system is one of the most sensitive sys-
tems, functioning not only as a medium of transportation but
also as the critical toxicity target for lead (Abadin et al. 2007),
and predisposes to anemia by several mechanisms (Flora et al.
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2012). The anemic response induced by lead is microcytic
hypochromic anemia and it is characterized by a fragility of
mature erythrocytes and inhibition of hemoglobin (Hb) syn-
thesis (Mager 2012).

The delta-aminolevulinic acid dehydratase (δ-ALAD) is
the second enzyme in the pathway for heme biosynthesis
and catalyzes the condensation of two molecules of delta-
aminolevulinic acid (δ-ALA) to porphobilinogen (PBG), with
the thiol (SH) group essential for its activity. Owing to its
affinity for the SH group, lead is known to inhibit δ-ALAD
activity (Shraideh et al. 2019), eliciting the accumulation of δ-
ALA which has been shown to undergo metal catalyzed auto-
oxidation and subsequently, increased generation of reactive
oxygen species (ROS) such as superoxide ion (O2

+), hydroxyl
radical (OH+), and hydrogen peroxide (H2O2). The resultant
oxidative stress and tissue damage are the most widely report-
ed pathophysiological mechanisms of lead-related toxicities
(Alya et al. 2015).

Daflon® 500 mg, whose active principle is a micronized
purified flavonoid, is obtained from plants such as
Rutaceae aurantiae (Pitsch 2011), and consists of 90%
diosmin and 10% hesperidin. This flavonoid-containing com-
pound belongs to the gamma-benzopyrone class of venoactive
drugs, and possesses vasoprotective and venotonic properties
(Ramlet 2001).

In the present study, we hypothesized that Daflon may be
capable of countering hemotoxicity in male Wistar rats ex-
posed to lead acetate because of its bioprotective effects in
the body. Therefore, the current study was undertaken in order
to investigate the protective role of Daflon on δ-ALAD and
erythrocytic parameters in male Wistar rats exposed to lead
acetate.

Experimental animals

A total of thirty-two (32) male Wistar strain albino rats
weighing between 200 and 250 g served as subjects. They
were procured from the breeding stock of the National
Institute of Trypanosomiasis Research (NITR), Kaduna,
Nigeria, and maintained in plastic cages under standard labo-
ratory conditions (ambient temperature 24–26 °C, relative hu-
midity 20–80%, 12 h/day light period) in the animal-holding
facility of the Department of Veterinary Pharmacology and
Toxicology, Ahmadu Bello University, Zaria. Minimal han-
dling was ensured to minimize unwanted stress or discomfort
to the animals during experimental procedures. The rats were
given access to standard commercially prepared rat chow
(TOPFEEDS®, Lagos, Nigeria) and tap water ad libitum.
They were acclimatized to their housing environment for
2 weeks prior commencement of the experiment. The study
was approved by the Ahmadu Bello University Research
Ethics Committee and it was conducted in accordance with

the National Institute of Health Guide for Care and Use of
Laboratory Animals (Garber et al. 2011).

Chemical acquisition and preparation

Analytical grade of lead acetate (Cat No. 10142) was procured
from Sigma-Aldrich (St. Louis, MO, USA). It was
reconstituted in deionized water to form a stock solution.
Daflon (Daflon, 500® Servier, Neuilly-Surseine, France)
(Batch No. MR 110528) was purchased from Liberty pharma-
ceutical store, Kaduna, Nigeria. Each tablet (500 mg) was
reconstituted in 5 mL of deionized water to make 100 mg/
mL suspension.

Animal grouping and sample collection

Thirty-two male adult Wistar rats were divided by simple
randomization into four groups of eight rats each. Group I
was administered with 2 mL/kg body weight of deionized
water, group II was administered with lead acetate 190 mg/kg
body weight (1/20th of the LD50), group III was administered
with Daflon (100 mg/kg body weight) (Kobo et al. 2014),
while group IV was given Daflon (100 mg/kg body weight)
30min before the administration of lead acetate. The regimens
were administered by oral gavage, once daily, for a period of
6 weeks (42 days). During this period, the rats were observed
for signs of toxicity. At the end of the treatment period, the
animals that survived were anesthetized using pentobarbitone
and sacrificed by jugular venesection. Blood sample was col-
lected for analyses.

Blood lead level detection

The blood lead level (BLL) was analyzed using a microwave
plasma atomic emission spectrometer (MP-AES) after
microwave-assisted acid digestion as described by Erick
et al. (2016). Briefly, all glassware were cleaned with 10%
(v/v) HNO3 solution and rinsed with ultrapure water. A total
of 10 μL of each blood sample was digested with 4.0 mL of
65% (v/v) HNO3 and 0.5 mL of 35% (v/v) H2O2 in
polytetrafluoroethylene (PTFE) vessels. The vessels were
placed into microwave system (MARS 5, CEM). Digestion
conditions for the microwave system applied were as follows:
up to 120 °C for 15 min and then constant for 10 min; up to
160 °C in 20 min and constant for 15 min; finally, a cooling
stage (30 min) was carried out to 22 °C and diluted to 50 mL
with deionized ultrapure water. This solution was finally used
for elemental analysis using MP-AES (MY15150001)
equipped with a concentric nebulizer, a quartz torch with
quartz injector tube, and a cyclonic spray chamber. The

956 Comp Clin Pathol (2020) 29:955–963



concentration of lead was determined in blood samples and
isotope 208Pb+ was detected. All samples were analyzed in
duplicate and each sample was measured in triplicate to in-
crease precision.

Determination of serum δ-aminolevulinic acid
dehydratase

Enzyme activity was assayed spectrophotometrically using
ZellBio GmbH assay kit (Germany). The enzyme was incu-
bated with excess δ-aminolevulinic acid at 37 °C for 1 h to
form porphobilinogen. The porphobilinogen formed was
mixed with modified Ehrlich reagent. The color developed
was measured spectrophotometrically at 555 nm against a
blank. Results were expressed as δ-aminolevulinic acid,
μmol/min per milliliter erythrocytes (U/mL).

Determination of hematological parameters

Erythrocytic parameters of red blood cell (RBC) counts,
packed cell volume (PCV), hemoglobin concentration (Hb),
mean corpuscular volume (MCV), and mean corpuscular he-
moglobin concentration (MCHC) were determined using the
automated hematologic analyzer (Sysmex, KX-21, Japan).

Hematological counts of monocytes, platelets, absolute
leucocytes, and lymphocytes were determined using the
automated hematologic analyzer (Sysmex, KX-21, Japan).
Blood smears were also prepared, stained with Giemsa
and used for determination of differential leucocyte count
using the method described by Dacie and Lewis (1991).
Briefly, a drop of blood was placed on one end of a glass
slide (UNISCOPE, England) and, using a spreader, a
blood film was made and allowed to air dry. Giemsa stain
was then poured to cover the film, and allowed to stay for
2 min. The film was then rinsed in buffered distilled water
and allowed to stand for 10 min. The film was later
viewed under a microscope in an oil immersion at × 1000
magnification.

Determination of erythrocyte osmotic
fragility

Erythrocyte osmotic fragility was determined as described by
Faulkner and King (1970) and as modified by Oyewale
(1991). Briefly, sodium chloride solution (pH 7.4) was pre-
pared at varying concentrations, 0.0%, 0.1%, 0.3%, 0.5%,
0.7%, and 0.9%. Five milliliters (5 mL) of each sodium chlo-
ride (NaCl) concentration was placed in labeled test tubes
serially in a rack. Twenty microliters of blood sample from
each rat was pipetted into each of the tubes. The contents of

the tube were mixed gently by inverting the tubes and allowed
to stand at room temperature (24–26 °C) for 30 min.
Thereafter, the tubes were centrifuged at 1580×g for 5 min
using a centrifuge (IEC HN-SII-Damon/IEC, UK). The super-
natant obtained from each tube was transferred to a clean glass
cuvette and the absorbance of the supernatant measured using
a UV spectrophotometer (Bausch and Lomb, USA) at 540 nm.
The percentage hemolysis for each sample was calculated
using the following formula:

Percentage %ð Þ hemolysis

¼ Optical density of test solution

Optical density of standard solution
� 100

Data analysis

Values obtained were expressed as mean ± SEM and subject-
ed to statistical analysis using one-way analysis of variance
(ANOVA) followed by Tukey’s post hoc multiple compari-
son test. GraphPad prism version 6.0, San Diego, CA, USA
(www.graphpad.com) was used for the analyses. Values of
P ≤ 0.05 were considered significant.

Results

Effect of Daflon and lead acetate on blood lead level

The effect of sub-chronic administration of Daflon and lead
acetate on blood lead level (BLL) is shown on Fig. 1. There
was a significant increase in BLL in the group treated with
lead acetate (10.03 ± 0.43 μg/dL) when compared with the
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Fig. 1 Effect of sub-chronic administration of Daflon and lead acetate on
blood lead level of male Wistar rats (means ± SEM, n = 8). Values with
different superscript letters (a, b, c) are statistically significant. Keys: DW
(deionized water); Pb (lead acetate 190 mg/kg); DAF (Daflon
100 mg/kg); DAF + Pb (Daflon 100 mg/kg + lead acetate 190 mg/kg)
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control (DW), Daflon-treated, and Daflon + lead acetate-
treated groups (P ≤ 0.01; 0.3 ± 0.05 μg/dL, P ≤ 0.01; 0.32 ±
0.06 μg/dL, and P ≤ 0.05; 2.89 ± 0.10 μg/dL) respectively.

Effect of Daflon and lead acetate on serum delta-
aminolevulinic acid dehydratase activity

A significant decrease in the activity of serum δ-ALAD was
recorded in the lead acetate-treated group (6.25 ± 0.54 μmol/
mL) when compared with the control (P ≤ 0.01; 18.59 ±
0.88 μmol/mL), Daflon (P ≤ 0.01; 20.39 ± 0.88 μmol/mL),
and Daflon + lead acetate (P ≤ 0.05; 11.48 ± 0.70 μmol/mL)
groups (Fig. 2).

Effect of Daflon and lead acetate on packed cell
volume

There was a significant decrease (P ≤ 0.05) in PCV of rats in
the Pb-treated group (26.58 ± 0.79%), when compared with
the groups treated with DW (44.32 ± 1.47%), DAF (46.18 ±
1.70%), and DAF + Pb (38.55 ± 0.99%) Table 1.

Effect of Daflon and lead acetate on hemoglobin
concentration

There was a significant decrease (P ≤ 0.05) in hemoglobin
concentration of rats in the Pb-treated group (6.05 ± 0.55 g/
dL), when compared with the groups treated with DW (14.78
± 0.71 g/dL), DAF (16.01 ± 0.87 g/dL), and DAF + Pb (12.36
± 0.63 g/dL) Table 1.

Effect of Daflon and lead acetate on total red blood
cells

There was a significant decrease (P ≤ 0.05) in total RBC
counts of rats in the Pb-treated group (2.44 ± 0.24 × 1012/L),
when compared with the groups treated with DW (8.14 ±

0.48 × 1012/L), DAF (9.91 ± 0.38 × 1012/L), and DAF + Pb
(7.99 ± 0.50 × 1012/L) Table 1.

Effect of Daflon and lead acetate onmean corpuscular
volume

There was a significant decrease (P ≤ 0.05) in MCV of rats in
the Pb-treated group (47.79 ± 3.13 fL), when compared with
the groups treated with DW (93.44 ± 3.11 fL), DAF (95.01 ±
3.62 fL), and DAF + Pb (80.19 ± 2.42 fL; Table 1).

Effect of Daflon and lead acetate onmean corpuscular
hemoglobin concentration

There was a significant decrease (P ≤ 0.05) in MCHC of rats
in the Pb-treated group (18.22 ± 0.80 g/dL), when compared
with the groups treated with DW (35.47 ± 1.09 g/dL), DAF
(35.22 ± 1.20 g/dL), and DAF + Pb (29.06 ± 1.23 g/dL;
Table 1).

Effect of Daflon and or lead acetate on absolute and
differential leucocyte counts

The total leucocyte count obtained in the Pb-treated group
(4.90 ± 0.06 × 109/L) was significantly lower (P ˂ 0.05) when
compared with the counts recorded in the groups treated with
DW (6.29 ± 0.04 × 109/L), DAF (7.89 ± 0.02 × 109/L), and
DAF + Pb (5.81 ± 0.09 × 109/L) (Table 2).

The number of neutrophil count obtained in the Pb-treated
group (1.88 ± 0.02 × 109/L) was significantly higher
(P ˂ 0.05) when compared with the counts recorded in the
groups treated with DW (1.11 ± 0.02 × 109/L), DAF (1.41 ±
0.05 × 109/L), and DAF + Pb (0.95 ± 0.08 × 109/L) (Table 2).

The number of lymphocyte count obtained in the Pb-
treated group (2.50 ± 0.01 × 109/L) was significantly lower
(P ˂ 0.05) when compared with the counts recorded in the
groups treated with DW (4.95 ± 0.01 × 109/L), DAF (5.66 ±
0.01 × 109/L), and DAF + Pb (4.44 ± 0.02 × 109/L) (Table 2).

The number of monocyte count obtained in the Pb-treated
group (0.45 ± 0.02 × 109/L) was significantly lower (P ˂ 0.05)
when compared with the counts recorded in the groups treated
with DW (0.92 ± 0.01 × 109/L), DAF (0.81 ± 0.03 × 109/L),
and DAF + Pb (0.68 ± 0.04 × 109/L) (Table 2).

The neutrophil/lymphocyte ratio obtained in the Pb-treated
group (0.75 ± 0.03 × 109/L) was significantly higher
(P ˂ 0.05) when compared with groups treated with DW
(0.23 ± 0.01 × 109/L), DAF (0.39 ± 0.05 × 109/L), and DAF
+ Pb (0.25 ± 0.01 × 109/L) (Table 2).

Effect of Daflon and lead acetate on platelet counts

The number of platelet count obtained in the Pb-treated group
(439.80 ± 7.91 × 109/L) was significantly lower (P ˂ 0.05)
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Fig. 2 Effect of sub-chronic administration of Daflon and lead acetate on
serum delta-aminolevulinic acid dehydratase activity of male Wistar rats
(means ± SEM, n = 8). Values with different superscript letters (a, b, c) are
statistically significant (P ≤ 0.05). Keys: DW (deionized water); Pb (lead
acetate 190 mg/kg); DAF (Daflon 100 mg/kg); DAF + Pb (Daflon
100 mg/kg + lead acetate 190 mg/kg)
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when compared with the counts recorded in the groups treated
with DW (637.30 ± 9.26 × 109/L), DAF (532.70 ± 9.12 × 109/
L), and DAF + Pb (609.20 ± 6.90 × 109/L) (Table 2).

Effect of Daflon and lead acetate on erythrocyte
osmotic fragility

The effect of sub-chronic administration of lead acetate and
Daflon on erythrocyte osmotic fragility (EOF) is presented in
Fig. 3. The percentage erythrocyte osmotic fragility decreased
with increasing sodium chloride (NaCl) concentration (0–
0.9%) in all the treatment groups, with complete hemolysis
(100%) in the control solvent (deionized water). There was no
significant (P ≥ 0.05) difference in the group treated with
Daflon and lead acetate (96.25 ± 1.49%, 92.13 ± 1.80%) when
compared with the control (92.25 ± 2.54%, 92.25 ± 2.31%),
lead acetate (95.25 ± 1.40%, 91.63 ± 2.53%), and Daflon
groups (91.38 ± 2.67%, 86.88 ± 2.06%) at 0.1% and 0.3%
NaCl concentration respectively. However, there was a con-
sistent significant decrease (P ≤ 0.05) in percentage hemolysis
of rats in the group treated with Daflon + lead acetate (19.63 ±
1.27%, 17.88 ± 1.20%, 16.75 ± 1.32%) when compared with
the lead acetate-treated group (66.63 ± 2.19%, 45.50 ± 1.68%,

38.69 ± 2.19%) at 0.5%, 0.7%, and 0.9% NaCl concentration
respectively.

Discussion

Blood and/or its constituents are reliable indicators of system-
ic exposure to lead. After oral ingestion, lead undergoes intes-
tinal absorption and is transported via blood. In the blood, it
may be distributed via red blood cells or plasma proteins,
mainly albumin (Timchalk et al. 2006). As a whole, the up-
take, distribution, and accumulation of heavy metals in tissues
and organs depend on several factors including the character-
istics and forms of the metal, its route, dose, exposure dura-
tion, ability to bind cellular ligands, and species sensitivity
(Andjelkovic et al. 2019). The result of this study demon-
strates a rise in blood lead concentrations, and agrees with
the findings of Okediran et al. (2017) and Shraideh et al.
(2019) which revealed that absorbed lead following oral in-
gestion is circulated via blood.

The aminolevulinic acid dehydratase (ALAD) enzyme is
sensitive to lead, with inhibition prominent from concentra-
tions of 5 μg/dL blood lead level (BLL) (Sakai and Morita

Table 2 Effect of Daflon and lead
acetate on leucocyte and platelet
counts (mean ± SEM, n = 8)

Cells (× 109/L) Treatment groups

DW Pb DAF DAF + Pb

Leucocytes 6.29 ± 0.04a 4.90 ± 0.06b 7.89 ± 0.02c 5.81 ± 0.09a

Neutrophils 1.11 ± 0.02a 1.88 ± 0.02b 1.41 ± 0.05a 0.95 ± 0.08c

Lymphocytes 4.95 ± 0.01a 2.50 ± 0.01b 5.66 ± 0.01a 4.44 ± 0.02c

Monocytes 0.92 ± 0.01a 0.45 ± 0.02b 0.81 ± 0.03d 0.68 ± 0.04c

Basophils 0.00 ± 0.00 0.01 ± 0.01 0.01 ± 0.02 0.01 ± 0.02

N/L ratio 0.23 ± 0.01a 0.75 ± 0.03b 0.39 ± 0.05c 0.25 ± 0.01a

Platelets 637.30 ± 9.26a 439.80 ± 7.91b 532.70 ± 9.12c 609.20 ± 6.90a

Values along the same row with different superscript letters (a, b, c, d) are significantly (P ˂ 0.05) different

DW deionized water; Pb lead acetate; DAF Daflon; N/L neutrophil/lymphocyte

Table 1 Effect of Daflon and lead
acetate on erythrocyte and
erythrocytic indices (mean ±
SEM, n = 8)

Treatment groups

Parameters DW Pb DAF DAF + Pb

PCV (%) 44.32 ± 1.47a 26.58 ± 0.79b 46.18 ± 1.70a 38.55 ± 0.99c

Hb (g/dL) 14.78 ± 0.71a 6.05 ± 0.55b 16.01 ± 0.87a 12.36 ± 0.63c a

RBC (× 1012/L) 8.14 ± 0.48a 2.44 ± 0.24b 9.91 ± 0.38c 7.99 ± 0.50a

MCV (fL) 93.44 ± 3.11a 47.79 ± 3.13b 95.01 ± 3.62a 80.19 ± 2.42c

MCHC (g/dL) 35.47 ± 1.09a 18.22 ± 0.80b 35.22 ± 1.20a 29.06 ± 1.23c

Values along the same row with different superscript letters (a, b, c) are significantly (P ≤ 0.05) different
Hb hemoglobin; PCV packed cell volume; RBC red blood cell; MCV mean corpuscular volume; MCHC mean
corpuscular hemoglobin concentration; DW deionized water; Pb lead acetate; DAF Daflon
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1996). Lead has been proven to bind to the –SH group of
ALAD enzyme in erythrocytes, thereby preventing conver-
sion of aminolevulinic acid (ALA) to porphobilinogen and
consequently blocking the synthesis of heme group (Onalaja
and Claudio 2000; Supabhorn et al. 2019). It is expected,
therefore, that the higher the concentration of lead in blood,
the greater will be the percentage inhibition of ALAD and
therefore the lower will be the activity of this enzyme, which
was likewise observed in our study.

It is worthy to note that Daflon attenuated lead-induced
alteration in serum ALAD activity in the Daflon pretreated
group, and this may be attributed to the ability of Daflon to
form a complex with lead. The result of the present study is in
line with that of Martins et al. (2015) and Shraideh et al.
(2019) who reported decreased activity of blood ALAD fol-
lowing lead exposure.

A significantly lower packed cell volume, hemoglobin con-
centration, and red blood cell count alongside erythrocytic
indices of mean corpuscular volume (MCV) and mean cor-
puscular hemoglobin concentration (MCHC) were observed
in the lead acetate-exposed group, substantiating the presence
of anemia. This finding corroborates the report of Akande
et al. (2014) and Warang et al. (2017).

We believe that the lead-induced anemia may have
been prompted by the interference of lead with heme
biosynthesis through inhibition of δ-aminolevulinic acid
dehydratase activity, a key enzyme of heme synthesis.
Moreover , lead may inhibi t the conversion of
coproporphyrinogen III to protoporphyrin IX leading to

reduction in hemoglobin production and shortened life
span of erythrocytes (Suradkar et al. 2009). Similarly,
the progressive destruction of red blood cells due to
binding of lead with red blood cells leading to increased
fragility and destruction could be another reason for the
derangement seen in erythrocytes and erythrocytic indi-
ces (Rous 2000).

It has been documented that lead damages the erythrocyte
membrane leading to hemolysis or reduced blood iron level
and subsequent decrease in hemoglobin concentration and
packed cell volume (Ibrahim et al. 2012).

Analysis of total leucocyte counts revealed leucopenia
in the lead acetate-exposed rats, and this might be due to
direct toxic action of lead on leucopoiesis in lymphoid
organs or oxidative damage to the leukocytes. Decrease
in total leucocyte count is directly related with either de-
creased production from germinal center of lymphoid or-
gans or increased lysis due to presence of lead in the body
(Suradkar et al. 2009). Repeated exposure to lead has
been demonstrated to induce lymphopenic leucopenia
(Hashem and El-Sharkawy 2009).

Additionally, neutrophilia has been reported following re-
peated exposure to lead (Khan et al. 2016) and this report
corroborated the neutrophilia observed in the lead acetate-
exposed group in the present study.

The apparent increase in neutrophil/lymphocyte ratio in the
lead acetate-exposed group, which also indicates neutrophilia,
shows the level of stress experienced by rats in this group and
this is in agreement with the findings of Minka and Ayo

0.00

20.00

40.00

60.00

80.00

100.00

120.00

0.00 0.10 0.30 0.50 0.70 0.90

DW

Pb

DAF

DAF+Pb

a

b

a
a

a

b

a

a
a

b

a

a

)
%(

ytiligarF
cito

ms
O

etycorhtyr
E

NaCl Concentration 

Fig. 3 Effect of sub-chronic
administration of Daflon and lead
acetate on erythrocyte osmotic
fragility (EOF) of male Wistar
rats (means ± SEM, n = 8). Values
with different superscript letters (a,
b) are statistically significant (P ≤
0.05). Keys: DW (deionized
water); Pb (lead acetate
190 mg/kg); DAF (Daflon
100 mg/kg); DAF + Pb (Daflon
100 mg/kg + lead acetate
190 mg/kg)

960 Comp Clin Pathol (2020) 29:955–963



(2007) that the ratio increases in stress situations, especially in
those induced via free-radical mechanism. Furthermore, the
increased neutrophil/lymphocyte ratio (NLR) in the lead
acetate-treated group is a strong indication that the leukopenia
recorded in this group was due to lymphopenia. It is known
that NLR provides an indication of the inflammatory status
and it can be used for the prediction of the outcome of diseases
(Halazun et al. 2008). It is probable that Daflon protected the
leukocytes from destruction by inhibiting lipid peroxidation
and neutrophil activation (Andrew 2003; John 2005), and by
modulating immune function through the inhibition of the
respiratory burst enzyme, myeloperoxidase (Unlu et al. 2003).

The thrombocytopenia recorded in the lead acetate-
exposed group could be due to oxidative damage to the plate-
let membranes, which apparently results in the formation of
lipid peroxides within the platelet membranes thereby provok-
ing cellular lysis (Ohyashiki et al. 1991). The improvement in
platelet count in the group pretreated with Daflon shows the
ability of the antioxidant to protect the platelet from oxidative
damage by reducing the formation of lipid peroxides within
the platelet membranes, and hence, improvement of cellular
integrity and reduction of cellular destruction.

The hematotoxic effects of lead are largely ascribed to in-
hibition of the enzyme, ALAD, which catalyzes a key step in
the heme synthesis pathway, by condensing two ALA mole-
cules to form a single porphobilinogen molecule (Magyar
et al. 2005). Consequently, reduction in heme synthesis, ac-
cumulation of aminolevulinic acid (ALA), anemia, modifica-
tion of erythrocyte indices, release of free radicals, and oxida-
tive stress ensue (Rendon-Ramirez et al. 2007; Keleiny et al.
2019).

In contrast, Daflon attenuated the anemic response instigat-
ed by the sub-chronic administration of lead acetate in the
Daflon pretreated rats in the present study. This is partly due
to the ability of Daflon to improve the integrity of erythrocyte
membrane by mitigating oxidative damage.

EOF measures the extent of resistance of erythrocytes to
intracellular pressure and is known to be a biomarker of lipid
peroxidation (Asala et al. 2011). Exposure of rats to lead ac-
etate induced a significant increase in EOF in the present
study. This increase may be ascribed to the increase in the
generation of reactive oxygen species (ROS) following oxida-
tive damage, as triggered by the heavy metal.

Flora (2002) reported that exposure to heavy metals,
such as lead, may undermine the antioxidant defense sys-
tem against free radicals culminating in the over produc-
tion of ROS or depletion of endogenous antioxidants.
Furthermore, lead triggers oxidation of hemoglobin, and
induces erythrocyte hemolysis following inhibition of
aminolevulinic acid dehydratase (ALAD) and subsequent-
ly, increases concentration of the substrate aminolevulinic
acid (ALA) in both blood and urine. These elevated ALA
levels engender the formation of hydrogen peroxide and

superoxide radicals and also interact with oxyhemoglobin,
resulting in the generation of hydroxyl radicals (Patrick
2006).

Sequel to the aforementioned mechanisms, the erythro-
cytes become particularly vulnerable to oxidative stress,
resulting in loss of membrane integrity and subsequent lysis.
Our study shows that erythrocytes of the lead acetate-exposed
group were more susceptible to hemolysis, suggesting that the
erythrocytes have been subjected to some deleterious changes.
The results of this study is consistent with the findings of
Debosree et al. (2016), Jalali et al. (2017), and Yusuf et al.
(2018) who observed similar changes in lead exposed
subjects.

Loss of membrane symmetry and an increase in mem-
brane permeability, inducing morphological changes in the
surface of erythrocytes, have been demonstrated to in-
crease EOF (Ambali et al. 2010). Changes in the surface
of erythrocyte membranes caused by lead acetate exposure
may be responsible for the increased fragility of erythro-
cytes, as was observed in the lead acetate-exposed group.
The erythrocytes of rats pretreated with Daflon and ex-
posed to lead acetate were protected from significant
EOF owing to the fact that flavonoids have been reported
to be potent antioxidants (Terao 2009) scavenging free
radicals and shielding against free radical-induced vicissi-
tudes (Isaac et al. 2017).

Conclusion

The results of this study revealed that sub-chronic exposure of
rats to lead acetate induced impairment in δ-ALAD and he-
matological parameters while pretreatment with Daflon miti-
gated the ensued changes. Notably, lead decreased PCV, Hb,
RBC, MCV, and MCHC by 66.75%, 144.30%, 233.61%,
95.522%, and 94.68% respectively while the administration
of Daflon improved PCV, Hb, RBC, MCV, and MCHC by
45.03%, 104.30%, 227.46%, 67.80%, and 59.50% respective-
ly. This therefore suggests that augmented consumption of
Daflon-enriched foods may be beneficial to individuals living
in lead toxicity prone environments.
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