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Blood is a body uid of animals that delivers necessary 

substances (nutrients and oxygen)  to  the  cells and 

maintains homeostasis and transports metabolic 

products away from the cells. The average adult's body 

contains about 5 liters of blood. Blood is separated in to 

2 distinct layers.

 Plasma  
 Formed Elements

Plasma: 
Plasma is the yellow straw coloured liquid 
component of blood in which the blood cells are 
suspended normally. 
Formed Elements:
Formed elements are the cells and cell-like 
structures in the blood that constitute about 45% of 
our blood volume. There are three types of formed 
elements:

 Red blood cells  (RBC)
 Leukocytes (WBC)

 Platelets
RBCs are the most abundant cells in the blood--
there are about 5 million of them per cubic of blood. 
They are formed in the bone marrow and have a 
lifetime of about 3  months . Red bloodcells are 
important mainly because theycontain Hemog-
lobin, a protein substance that attaches to oxygen 
and transports this element to body cells and tissues 
.Haematopoiesis is the process of forming blood 
cel lular  components .  Al l  cel lular  blood 
components are derived from haemat-opoietic 
stem cells. In a healthy adult person, approximately 

11 1210 –10  new blood cells are produced. Primarily 
the Bone marrow, spleen, tonsils, and lymph nodes, 
involved  in the formation of blood.   Hemotoxins 
(hematotoxins) are the toxins that destroy red blood 
cells, disrupt blood clotting, and cause organ 
degeneration   and  generalized  tissue damage. 
Hemotoxins not only damage the blood but also 
damage other tissues. Injury from a hematotoxins 
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ABSTRACT

Benzene toxicity involves both bone marrow depression and leukemogenesis caused by benzene damage 
to multiple classes of hematopoietic cells and a variety of hematopoietic cell functions. Study of the 
relationship between the metabolism and toxicity of benzene indicates that several metabolites of benzene 
play significant roles in generating benzene toxicity. Benzene is metabolized, primarily in the liver, to a 
variety of hydroxylated and ring-opened products that are transported to the bone marrow where 
subsequent secondary metabolism occurs. Two potential mechanisms by which benzene metabolites may 
damage cellular macromolecules to induce toxicity include the covalent binding of reactive metabolites of 
benzene and the capacity of benzene metabolites to induce oxidative damage. The   Quercetin showed the 
remarkable hemoprotective activity against the anaemia. Methanolic extract of showed the 
hemoprotective activity against benzene induced anaemia in Sprague dawley rats at different doses. The 
plant extract contains this hem protective activity due to the presence of high phenolic, flavonoid and 
alkaloid contents.
 Keywords:  Benzene; Bone Marrow Depression; Leukemogenesis; Hematopoietic Cells; Cellular 
Macromolecules; Oxidative Damage;  Plastic Anaemia ; Quercetin ; Hemoprotective  Activity; Anti-
Oxidant; Anti-Artherogenic ; Anti-Carcinogenic Properties

INTRODUCTION
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causes very painful injury. Sometimes these toxins 
can cause permanent damage and create death.  
Benzene  a white to oily liquid, with a boiling point 
of 80.10°C. It is  soluble in water (25°C) and  
miscible with alcohol, ether, chloroform, benzene, 

[3]and acetone .  Excessive exposure to benzene has 
been known for more than a century to damage the 
bone marrow resulting in decrease in the numbers 
of circulating blood cells, and ultimately, a plastic 
anaemia. Of more recent vintage has been the 
appreciation that an alternative outcome of 
benzene exposure has been the development of one 
or more types of leukemia. While many 
investigators agree that the array of toxic 
metabolites, generated in the liver or in the bone 
marrow, can lead to traumatic bone marrow injury, 
the more subtle mechanisms leading to leukaemia 
have yet to be critically dissected. This problem 
appears to have more general interest because of 
the recognition that so-called “second cancer” that 
results from prior treatment with alkyl ting agents 
to yield tumour remissions, often results in a type of 
leukaemia reminiscent of benzene-induced   
leukaemia .Benzene induced target organs   are  
bone marrow , central nervous system and immune 
system which were determined  by using the 
haematological parameters like total leukocyte 
count  and differential leukocyte (WBC) and also 
different bone-marrow progenitor cells.Many of 
the modern medicines are produced indirectly from 
medicinal plants. Plants are directly used for 
medicinal purposes because medicinal plants are 
the resources of new drugs. Medicinal plants help 
us to understand plant toxicity and protect humans 
and animals from natural poisons. The medicinal 
effects of plants are due to metabolites especially 
secondary compounds (Terpenoids, non-protein 
amino acids, amines, gynogenic glycosides, 
glucosinolates, and alkaloids and phenolics) 
produced by plant species. Quercetin is a 
bioavonoid found in fruits and vegetables, but 
highest levels are found in apples and onions. Like 
many other bioavonoid, Quercetin has anti-
oxidant, anti-artherogenic, and anti-carcinogenic 
properties. Quercetin is also retroactive, with some 
of the same abilities as caffeine but less potent. 
There is a divide between the effects seen in 
quercetin in in vitro (cell cultured) studies and in 
vivo (in living) studies, with cell studies showing 
great results that are not that amazing in humans or   

animals. This is mostly due to quercetin having low 
oral bioavailability (low percentage of the 
compound is absorbed and put to use), but could 
also be due to in vitro studies using a form of 
quercetin called 'quercetin aglycone' whereas this 
particular form is never found in the blood, even 
after ingested, as it gets changed in the liver. Many 
studies also note a high range of differences 
between people who ingest the same amount of 
quercetin, suggesting a large degree of variability is 
possible with supplementation. Quercetin  has 
GRAS (Generally Recognized As Safe) status, and 
no side-effects have yet been noted in doses of a 
few grams a day in either humans or animals. 
Quercetin is a avonol found in many fruits, 
vegetables, leaves and grains. It can be used as an 
ingredient in supplements, beverages, or foods.
Blood is a uid connective tissue constituting about 
7% of our total body weight. Main Components of 
blood are plasma and formed elements. Formed 
elements are cells and their derivatives that contain 
about 45% of the total blood volume .The elements 
are categories in to 3 types: 

 Erythrocytes - red blood cells (5 X 
3

106/mm )
 Leukocytes - white blood cells (5-10 X 

3103/mm )
 Thrombocytes – platelets (150-200 X 

3
103/mm )

Haematopoiesis
Haematopoiesis (Hemopoiesis) is the process in 
which blood cells are generated in a stepwise 
manner from the immature cells that subsequently 
entered into the blood which is circulating and 
peripheral organs again for maturation.

Blood Disorder 
A blood cell disorder is a condition in which there is 
a problem with your red blood cells, white blood 
cells, or the smaller, circulating cells called 
platelets, which are critical for clot formation. All 
three cell types form in the bone marrow, which is 
the soft tissue inside your bones 

(I) Anaemia
Anaemia is a condition in which there is a 
deciency of red  blood cells or of haemoglobin in 
the blood resulting in pallor and weariness. 
Anemia, also spelled Anemic, is usually dened as
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a decrease in the amount of red blood cells (RBCs) or 
hemoglobin in the blood. It can also be dened as a 
lowered ability of the blood to carry oxygen. There 
are three main types of anemia: that due to blood 

loss, that due to decreased red blood cell 
production, and that due to increased red blood cell 
breakdown. Causes of blood loss include trauma 
and gastrointestinal bleeding, among others.

(II) Bone marrow aspiration
Bone marrow aspiration is a procedure that 
involves taking a sample from the soft tissue inside 
the bones. Bone marrow is the spongy tissue found 
inside bones. It contains cells that produce white 
blood cells, red blood cells, and platelets inside 
larger bones such as the spine, breastbone, hips, 
ribs,   skull . White blood cells help ght infection. 
Red blood cells carry oxygen and nutrients. 
Platelets enable your blood to clot. If a complete 

blood count shows that the number or function of red 
blood cells, white blood cells, or platelets is 
abnormally high or low, your doctor may want to 
examine your bone marrow to help gure out the 
cause. Bone marrow aspiration is often performed 
with a bone marrow biopsy, which uses a different 
type of needle to remove tissue from your bone 
marrow.

(III) Leukemia
A malignant progressive disease in which the bone 
marrow and other blood-forming organs produce 
increased numbers of immature or abnormal 
leucocytes. These suppress the production of normal 
blood cells, leading to anaemia and other symptoms.

Types of leukemia
There are four main types of leukaemia
(I) Acute myeloid leukaemia (AML)
Acute myeloid leukaemia (AML), also known as 
acute myelogenous leukaemia, acute myeloblastic 

leukaemia, acute granulocytic leukaemia or acute 
lymphocytic leukaemia, is a fast-growing form of 
cancer of the blood and bone marrow. 

( II ) Chronic myeloid leukaemia (CML)
Also known as chronic myelogenous leukemia, 
chronic myeloid leukemia (CML) is a form of 
cancer that affects the bone marrow and blood. It 
begins in the blood-forming cells of the bone 
marrow and then, over time, spreads to the  blood .

(III) Acute lymphocytic leukaemia (ALL)
Acute lymphocytic leukemia (ALL), also called 
acute lymphoblastic leukemia and acute lymphoid 
leukemia, is a blood cancer that results when 
abnormal white blood cells (leukemia cells) 
accumulate in the bone marrow. 

(IV) Chronic lymphocytic leukaemia (CLL)
Chronic lymphocytic leukemia (CLL) is a typically 
slow-growing cancer which begins in lymphocytes 
in the bone marrow and extends into the blood. It 
can also spread to lymph nodes and organs such as 
the liver and spleen.

Benzene
Benzene is an important organic chemical compound 
with the chemical formula C H . The benzene 6 6

molecule is composed of six carbon atoms joined in 
a ring with one hydrogen atom attached to each. 
Because it contains only carbon and hydrogen 
atoms, benzene is classed as a hydrocarbon. The 
suggestion that benzene exposure could result in 
leukaemia was more difcult to establish than the 
demonstration that benzene could induce a plastic 
anaemia. Benzene-induced decreases in blood cells 
could be observed within a few months after 
exposure was initiated  . However, there is a lag 
time of perhaps years between initial benzene 
exposure and the development of leukaemia  

Fig. 1 :  Structure of Benzene
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Xenobiotic  metabolism usually modies 
chemicals to make them more water-soluble by 
introducing oxygen or other polar groups into the 
potentially dangerous chemical. The process was 
termed “detoxication” by R.T. Williams but 
unfortunately metabolic transformation by the 
xenobiotic metabolism system often leads to more 
toxic metabolites .

The Target Organ 
The Hematopoietic System of Bone Marrow
Haematopoiesis is a complex process that occurs in 
the bone marrow and insures that the proper 
number and type of circulating blood cells can be 
produced during one's lifetime. Normally the levels 
of effective blood cells in the circulation are 
maintained by a system in the bone marrow that is 
comprised of hematopoietic stem cells (HSCs) and 
their progeny. HSCs have been termed pluripotent 
because they can give rise to erythrocytes, each of 
the leukocyte lineages, and platelets via directed 
differentiation. These processes are controlled by a 
variety of factors including cytokines, and growth 
factors of various types that are released from cells 
within the marrow or from other sites within the 
body, e.g., erythropoietin, which stimulates red cell 
production is a product of the kidney.  

Antioxidants
Antioxidants are the species of molecule which 
inhibits the oxidative stress of other molecules. 
Oxidation reaction is the type of chemical reaction 
in which species of hydrogen or electrons are 
transferred   from a substance to an oxidizing 
agent. Free radicals are generated by the oxidation 
reactions. These free radicals will initiate a chain of 
reactions. This chain of reaction causes damage or 
death to the cell. 

Quercetin
Quercetin is a plant pigment (avonoid). It is found 
in many plants and foods, such as red wine, onions, 
green tea, apples, berries, Ginkgo biloba, St. John's 
worth, American elder, and others. Buckwheat tea 
has a large amount of Quercetin. People use 
Quercetin as a medicine. Quercetin is used for 
treating conditions of the heart and blood vessels 
including “hardening of the arteries” (atheroscl-

erosis), high cholesterol, heart disease, and circulation 
problems. It is also used for diabetes, cataracts, hay 

fever, peptic ulcer, schizophrenia, inammation, 
asthma, gout, viral infections, chronic fatigue 
syndrome (CFS), preventing cancer, and for treating 
chronic infections of the prostate. Quercetin is also 
used to increase endurance and improve athletic 
performance
Chemical and Physical Properties  :
Chemical formula : C H O15 10 7 

Molar mass : 302.236 g/mol 
Appearance: yellow crystalline powder

3
Density:  1.799  g/cm
Melting point  : 316 °C (601 °F; 589 K) 
Solubility :    Practically insoluble in water; 
soluble in aqueous alkaline solution

Antioxidant activity  
Quercetin, a plant-derived glycone form of 
falconoid glycosides, has been used as a nutritional 
supplement and may be benecial against a variety 
of diseases, including cancer. We examined the 
antioxidant properties of Quercetin. The reduction 
potential of Quercetin was measured at various pH 
values using voltammetric methods, and its total 
antioxidant capacity (TAC) was measured using 
the phosphomolybdenum method. The effect of 
Quercetin on production of reactive oxygen species 
(ROS) and nitric oxide (NO) in LPS-stimulated 
human THP-1 acute monotypic leukemia cells was 
determined by ow cytometry using CM-
H2DCFDA dye. The results were compared with 
curcumas, a natural product exhibiting a similar 
range of reported health benets.

Antigenotoxic activity
Genotoxicity is the toxicity as genetic level. In this 
type of toxicity mutation occurs in the main genetic 
material that is DNA which is recognized by 
different types of tests like micronucleus tests and  
comet assay. Quercetin showed the potential 
against genotoxicity caused by different chemicals 
due to the presence of secondary metabolites

Hemoprotective activity
Quercetin showed the hemoprotective activity 
against benzene induced haemolytic anaemia 
wh ich  was   de t e rmined   by  us ing  the 
haematological parameter like Erythrocyte (RBC), 
total  and differential  leukocyte (WBC),  
Hematocrit (Hct), Haemoglobin (Hb). Various 
studies have investigated the hemoprotective 
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Table 1 : Body Weight

 
Group I Group II Group III Group IV 

Initial 205 260 271 310 

Middle 279 250 265 290 

Final 300 310 320 345 

 

activities of Quercetin. In this experiment , meta-
bolic Quercetin has shown the haemoprotective 
activity in rats. This haemoprotective effect of 
Quercetin was due the presence of phenolic, 
avonoids, alkaloids, saponinsis and steroids, 
samples. It is previously mentioned that all the 
above secondary metaboli tes have good 
antioxidant activity.

MATERIALS AND METHODS 
Selection and Grouping of Animals
A total number of 20 young SD rats (150-175 gm) 
were taken from the Division  of Laboratory 
Animals, CDRI, Lucknow .The healthy animals 
(rats) were selected on the basis of their regular 
health check up and record of their body weight and 
randomly divided into different experimental 
groups. Each group has four healthy male Charles 
foster rats and out of these groups one group of 
animal served as control. 

Marking for Identification of Animals
For the identication of rats colour coding of fur 
was done at different sites for giving a unique 
identity to each rat. Initial temporary marking of 
animals was done by 1% aq.Eosin, and the nal I'd. 
Marking was done by saturated aqueous solution of 
picric acid.

Experimental Design
A total number of 20 rats which were divided into 4 
groups and each group contained 5 rats kept in 

different cages were  administered .
Group I: Control
Group II: 400 mg/Kg Benzene + 10 mg/Kg 
Quercetin
Group III: 400 mg/Kg Benzene + 20 mg/Kg 
Quercetin
Group IV: 400 mg/Kg Benzene + 40 mg/Kg 
Quercetin

Haematology
th The sample of blood was collected at 0, 7 and 

th14  day through tail of the rat and haematology 
was done. In this process, different parameters of 
blood have been checked at regular time intervals 
with the help of fully automatic haematology 
analyzer MS-9 (Melet Schlosing). The 
haematological parameters which were analyzed 
by haematology analyzer are as:  Haemoglobin 
(Hb), Total Red Blood Cell Count (T-RBC). Total 
Leukocyte Count (TLC)

RESULTS
Body Weight
The comparable gain was seen in the body wt. of 

th
control group at day 0 today 14 , but a signicant 
decrease was seen   in  the body wt. of animals 
treated with  400 mg/kg body wt. benzene for initial 
7 Days. After the dosing of Quercetin at 10, 20 and 
40 mg/kg body wt. a comparable gain was seen in 
different groups, but the gain showing irregular 
manner. 
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Haematology
thHaematological parameter was  observed on 0, 7 , 

thand 14  day of the study period. At day 0, there was 
no signicant decrease in RBC, Hgb and in MCV 
level. After 7 days, benzene dosing, all groups 
except control showed a signicant (p<0.05) 
decrease in RBC, Hgb and increase in MCV level 

and this particular condition showed the 
haemolytic anaemia in rats. Benzene-induced 
haemolytic anaemia in SD rats was ameliorated by 
giving the different doses of the extract of  
Quercetin for consecutive 7 days and showed  a  
signicant increase in RBC, Hgb and decrease in 
MCV level as compared to benzene treated groups.

Benzene  induced Haemolytic Anaemia and its Amelioration by Quercetin in 

Sprague Dawley  Rats ( Haematology(Hgb) (g/dl)

Table  2:  Hgb

 
Group‐I  Group‐II  Group‐III  Group‐IV  

 
Ini�al  Middle  Final  Ini�al  Middle  Final  Ini�al  Middle  Final  Ini�al  Middle  Final  

Mean 16  16.18  15.12  16.24  7.52  14.64  16.33  7.85  14.72  16.18  6.49  14.72  

±SD 0.94  1.17  0.65  0.94  0.22  0.49  0.99  0.48  0.77  1.17  0.17  0.56  
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Fig.4: Rbc

 
 
 

Group‐II  Group‐III  Group‐IV  

 
Initial  Middle  Final  Initial  Middle  Final  Initial  Middle  Final  Initial  Middle  Final  

Mean  6.65  6.64  7.34  6.66  3.13  5.35  6.64  2.66  4.78  6.64  2.11  5.14  

±SD
 

1.01
 

1.01
 

0.86
 

1.01
 

0.36
 

0.33
 
1.01

 
0.36

 
0.52

 
1.01

 
0.73

 
0.84

 

 

3 3
Table 4  : Haematology WBC(x10 /mm )

 

Group‐I  Group‐II  Group‐III  Group‐IV  

  Ini�al  Middle  Final  Ini�al  Middle  Final  Ini�al  Middle  Final  Ini�al  Middle  Final  
Mean  16.65  17.9  15.65  17.13  24.17  11.58  17.09  24.68  11.35  17.09  24.81  11.43  
±SD  

0.62
 0.71

 
1.15

 
0.71

 
1.45

 
1.29

 
0.71

 
0.93

 
0.75

 0.71
 

0.65
 1.16
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DISCUSSION
Benzene derivatives were used rstly as 
antipyretics but the toxic action on the hemopoietic 
system. The exposure of benzene induced the bone 
marrow depression in all living beings. In delayed   
condition leukemic condition was observed in the 
benzene exposed volunteers. Benzene decreases 
haemoglobin level, red blood cell concentration, 
and packed cell volume, and also increases the 
number of immature white blood cells in the blood 
stream. Benzene, the commercial use of which 
dates to the late nineteenth century, was one of the 
earliest industrial chemicals demonstrated to affect 
the health of large numbers of workers . Exposure 
of benzene varied from low concentrations, 
thought to be without effect in humans, to high 
concentrations, ranging up to many hundreds of 
parts per million (ppm), which resulted, in workers, 
displaying decrease in the numbers of erythrocytes, 
leucocytes and/or thrombocytes in circulating. 
Blood Decreased numbers of all three cell types 
were termed pancytopenia and was usually found 
to be the result of aplastic anemia. Thus, it was 
agreed that the bone marrow was the target organ 
for benzene toxicity. We now recognize that 
benzene exposure can also lead to the development 
of myelodysplasia , a pre-leukemic state, and to one 
of the many types of blood cancers termed the 
leukemias. 
For more than a century our main concern 
regarding benzene and human health has been the 
danger. Furthermore, we have little information on 
exposure to benzene in gasoline, cigarette smoke or 
other potential sources . In our study, benzene was  
administered to animals  by oral route at dose 400 
mg/kg body weight for 7 days. After 7 Days in 
benzene treated animals a signicant decrease was  
observed in the values of  T-RBC  and Hgb,  and    
increase was  observed in the value of WBC. The 
initial body weight of rats  was slightly increased in  
both control and treated animals but no signicant 
difference were seen in the treated groups. In 
haematology parameters of benzene treated 
animals , 52% reduction were seen in the values of 
T-RBC, 35% reduction were  seen in the values of 
Hgb,  but 50% increase were seen in the values of 
WBC. The increase   in immature WBC  showed 
leukemic condition in rats. These leukemic animals 
were used as a model in activity of Quercetin. 
Present study was conducted to observe the effect 

of benzene and Quercetin drug metabolising 
enzymes in rats which showed that values of Hgb 
and total RBC  increased. The various blood cells 
(erythrocytes, granulocytes, platelets) are 
produced at a rate of approximately one million to 3 
million per second in a healthy adult, this 
characteristic makes hematopoietic tissue 
particularly sensitive target for cytotoxic and 
antibiotic agents such as those used to treat cancer, 
infection and immune mediated disorders. Animals 
of control and treated groups remained generally 
active and healthy throughout the experiment. 
There was no redness or discharge from the 
mucosal membranes and body orices. No 
mortality was seen in any of the groups either 
control or treated. There was no signicant gain or 
loss in the body weight of the rats as observed 
throughout the experiment. There were no regular 
variations in the average 24-hour water and food 
intake of the rats of both control and treated group 
monitored. However group IV animals where 
benzene was administered along with Quercetin 
showed a slight increase in erythrocyte (RBC), 
Haemoglobin (Hb), Hct, MCV and lymphocyte 
count value. This increase can be attributed to the 
ameliorative effect of Quercetin. Haematotoxic 
effect of benzene was studied in rats at the dose level 
400 mg/kg b. wt. Benzene effect was well dened in 
treated group characterized by decrease in RBC 
count, Hb% and WBC count which were indicators 
of anaemia. Previous studies suggested that bone 
marrow showed erythroid maturation arrest, 
vacuolation, hypocellular marrow and erythroid 
depletion in benzene treated rats at different dose 
levels. These effects were dose related and 
reversible. In human, effect of benzene was studied 
by the rapid inhibition of hemat-opoiesis with 
reduced haemoglobin and infrequent decrease in 
WBC and platelet count. Hence, the ndings of the 
present study showed that the doses given of 
concentration 400 mg/kg can bring about no 
histopathological effect in any organ of rats.In this 
experiment after benzene treatment    at the dose 
400mg/kg body weight  in 3 group (benzene treated)  
of rats , induction of leukemia  and  anaemia has been 
observed. After treatments with benzene we have 
ameliorate the leukemia and anaemia by giving the 
different dose of Quercetin to the Spragu dawley rats, 
the different  doses of Quercetin  are 10mg, 20mg 
and 40mg per kg body weight.
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