
Abstract. – Objectives: Exposure to envi-
ronmental toxicants/carcinogens, the process of
carcinogenesis itself and cancer treatments lead to
several secondary pathologies including hemato-
logical complications. Considering versatile phar-
macological potentials of Azadirachta indica (A. in-
dica), the present study was designed to evaluate
its effects on certain hematological parameters in
benzo(a)pyrene [B(a)P] induced murine forestom-
ach tumorigenesis bioassay protocol.

Methods and Results: For tumor induction,
starting from 3rd week of experimentation, fe-
male Balb/c mice received B(a)P intragastric in-
stillations (40 mg/kg bwt) twice a week for 4
weeks. Aqueous A. indica leaf extract (AAILE)
was orally administered (100 mg/kg bwt) using
blunt-tipped canula on alternate days throughout
experimentation. The study was continued for 24
weeks and certain hematological parameters
were examined at 4 week intervals. In mice re-
ceiving only B(a)P, hemoglobin (Hb), red blood
cells (RBCs), white blood cells (WBCs), lym-
phocytes and monocytes decreased whereas
neutrophils increased when compared to con-
trols. However, A. indica reversed these alter-
ations as seen in mice that received AAILE
along with B(a)P when compared to only B(a)P
receiving mice. In only AAILE receiving mice,
increased Hb, RBCs, WBCs, lymphocytes and
monocytes with decreased neutrophils were ob-
served in comparison to control. Also, changes in
eosinophils and basophils upon B(a)P exposure
and their modulation by AAILE was observed.

Conclusions: These findings strongly sug-
gested the favorable effects of A. indica on
hematological parameters studied and their sig-
nificance with respect to overall well being,
process of tumorigenesis and its chemopreven-
tion have been discussed in the current re-
search manuscript.
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Introduction

Humans are constantly/unavoidably exposed
to environmental chemical pollutants and consid-
ering the modern scenario, it seems very difficult
to escape exposure of the same. Polycyclic Aro-
matic Hydrocarbons (PAHs), well established
human mutagens and carcinogens, are ubiquitous
environmental pollutants generated by combus-
tion sources such as diesel- and gasoline-pow-
ered motor vehicles, coal-fired power plants, res-
idential heating, cooking, and tobacco smoking1.
Different populations around the world get ex-
posed to PAHs on a daily basis, mainly via inges-
tion of contaminated foods and inhalation of pol-
luted air2. An important and very extensively
studied prototype of PAHs class of compounds is
benzo(a)pyrene [B(a)P] that has been demon-
strated to cause mutagenic and carcinogenic ef-
fects in various species and tissues3,4. It has also
been reported to cause other toxicities such as
teratogenicity, immuno-toxicity and hemato-toxi-
city in various species5-7. Several of the PAHs in-
cluding B(a)P are also known to impair the cell-
mediated and humoral immune responses8. PAHs
are relatively inert compounds and their activa-
tion process involves cytochrome-P450 depen-
dent reactions that lead to the production of sev-
eral of their metabolites including PAH-dihydro-
diol-epoxides (PAHDEs)9. The later are primarily
responsible for the initiation of carcinogenesis by
inducing critical mutations through covalent in-
teraction with DNA10,11. Galvan et al, have re-
cently demonstrated that the covalent binding of
PAHDE with DNA (formation of PAHDE-DNA
adducts) is associated with bone marrow hypo-
cellularity12,13. Moreover, alternative metabolic
pathways that form quinones and phenols have
also been suggested to contribute to PAH mediat-
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ed toxicity14,15. Bone marrow hypo-cellularity re-
sulting from exposure to PAHs has been suggest-
ed to contribute to impairment of humoral and
cell-mediated immunity16,17. Apart from exposure
to chemical carcinogens, the process of carcino-
genesis itself as well as the state of bearing tu-
mor may lead to several secondary pathologies
including hematological complications18,19. There
is no curable treatment for majority of malignan-
cies, while all therapeutic regimens such as ra-
diotherapy, chemotherapy etc produce a lot of
side effects including early bone marrow aplasia
and hence hematological toxicity20,21.
Hematological parameters are routinely moni-

tored during the course of treatment of malignan-
cy for assessing the overall well being as well as
the effects of the treatment employed22. As far as
basic research is concerned, reports regarding the
status of hematological parameters during the
process of chemical carcinogenesis are
scanty23,23. Few workers have tried to assess the
effects of chemical carcinogens including B(a)P
on the hematological parameters in some animal
models25-27. There are few reports wherein Au-
thors have assessed the effects anti-carcinogenic
agents in tumor bearing mice or mice injected
with some cancer cell lines28-31. However, the ef-
fects of chemical carcinogens induced alterations
on the status of hematological parameters during
the process of carcinogenesis have not been well
explored. In view of the undesirable side effects
exerted by synthetic anticarcinogenic agents,
considerable interest has been generated towards
the search/use of anticancer agents of natural ori-
gin especially plant extracts in the last few years.
In our Research Laboratory, we have been inves-
tigating the chemopreventive efficacy of Aque-
ous Azadirachta indica leaf extract (AAILE)
against various chemical carcinogens such as
B(a)P, dimethylbenz(a)anthracene etc in murine
models for last few years32-35. Azadirachta indica
A. Juss (Neem, family Meliaceae) (A. indica) is
an evergreen tree native to India that has been
suggested to be one the most powerful blood pu-
rifiers and detoxifiers. Owing to its wide spec-
trum of therapeutic potential, is was so popular
in ancient India that some scholars believe that A.
indica was an ingredient of up-to 50% of tradi-
tional preparations36. Leaves of this plant have al-
ways been a part of house hold remedies and
(medicinal) food around the world especially in
Asian countries. Tender leaves of A. indica were
cooked like spinach in ancient India. Leaves of
A. indica in the form of an infusion (soluble prin-

ciples extracted by soaking the plant in hot wa-
ter), a decoction (soluble principles of leaves ex-
tracted with boiling water) or as a chutney (a
sauce or relish of East Indian origin, often com-
pounded of both sweet and sour ingredients, as
fruits and herbs, with spices and other seasoning
consumed usually with other routine foods) were
also used36,37. In literature, A. indica leaf extract
have been demonstrated to exhibit several phar-
macological properties38. Significant cancer
chemopreventive activity shown by various parts
of this plant, especially the leaves, against differ-
ent malignancies has been documented in several
animal models32,34,39-41. Also, the leaf extract of
this plant have been reported to exert significant
effects on cell mediated as well as humoral im-
mune system42-44. Haque et al, reported the neem
leaf extract to stimulate hematological systems as
evidenced by the increase in total count of RBC,
WBC and platelets and hemoglobin percentage
and the immuno-stimulation observed was corre-
lated well with the growth restriction of murine
carcinoma44. In another experimental investiga-
tion, Ghosh et al. documented that pretreatment
with A. indica leaf preparation in Swiss mice di-
minishes leukopenia and enhances the anti-tumor
activity of cyclophosphamide45.
Forestomach tumorigenesis bioassay protocol

(induction of forestomach tumors employing
B(a)P as a carcinogen through intra-gastric in-
stillations) was developed by Wattenberg et al46

and has routinely been used for carcinogenic as-
sessment as well as cancer chemoprevention
studies. Several researchers around the world
have employed this carcinogenic bioassay proto-
col for assessing the chemopreventive potential
of putative agents as well as to de-lineate the
mechanisms involved in chemoprevention46-49.
Chemopreventive effects of AAILE against
B(a)P induced forestomach tumorigenesis in fe-
male Balb/c mice have recently been reported
from our Laboratory. In our observations, ani-
mals that received AAILE before, during and af-
ter B(a)P instillations showed reduced extent of
tumorigenesis when compared to the animals
that did not receive the same34. We also docu-
mented the modulatory effects of AAILE on 3H-
B(a)P-DNA adduct formation as well as certain
carcinogen biotransformation enzymes35,50. In
continuation with our efforts to explore more
mechanisms involved in A. india mediated pro-
tection in said model, the present piece of re-
search work addresses the effects of AAILE on
certain hematological parameters in mice that
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Treatment of Animals and Analysis of
Different Parameters
Mice were randomly divided into four groups

(6-8 mice per group) namely control group, B(a)P
group, A. indica group and B(a)P + A. indica
group. Mice of B(a)P and B(a)P + A. indica
groups were given B(a)P for induction of
forestomach tumor according to the bioassay pro-
tocol designed by Wattenberg et al46, with minor
modification as described earlier34. Briefly, each
mouse received intra-gastric instillations of 40 mg
B(a)P/kg in 0.2 ml olive oil, twice a week for four
weeks from 3rd week to the end of 6th week of the
experiment (a total of eight B(a)P instillations per
mouse). Also, the animals of control and A. indi-
ca groups received 0.2 ml of only olive oil in the
same schedule. Mice of A. indica and B(a)P + A.
indica groups were orally administered (using
blunt tipped canula and a syringe) with AAILE at
a dose of 100 mg/ kg thrice a week on alternate
days throughout the experiment as described ear-
lier34,35. Mice from all the groups were observed
for alterations in body weight and diet and water
consumption. Hematological parameters were
studied at different stages of the experiment at in-
tervals of 4 weeks (Figure 1).

Collection of Blood Samples
The blood samples were collected by punctur-

ing the retro-orbital venous sinus using sterilized
glass capillaries. Ethylene diamine tetraacetic
acid (EDTA) was used as an anticoagulant to pre-
vent the blood from getting clotted and the para-
meters were studied as soon as possible in order
to avoid experimental errors.

Haemoglobin (Hb)
Haemoglobin content in the blood samples

was assessed by cyanmethemoglobin method us-
ing Drablin’s solution as described by Dacie and
Lewis51 and ICSH Committee52. In the presence
of potassium ferricyanide at alkaline pH, hemo-
globin and its derivatives (except sulfhemoglo-
bin), are oxidized to methemoglobin. The later
thus formed i.e. methemoglobin reacts with
potassium ferricyanide to form cyanmethemoglo-
bin, a red colored complex, which is measured
spectrophotometrically. The intensity is propor-
tional to the hemoglobin concentration of the
blood sample. Briefly, 20 µl of fresh non-coagu-
lated blood was mixed with 5.0 ml of Drabkins
solution and was allowed for 5 minutes for color
development at room temperature. The different
samples were vortexed thoroughly before reading

may emerge during B(a)P induced forestomach
tumorigenesis bioassay protocol in female
Balb/C mice. Different hematological parame-
ters such as hemoglobin (Hb), red blood cell
(RBC) count, white blood cells (WBC) count
and differential leukocyte counts were studied at
intervals of four weeks for a period of twenty
four weeks and an attempt has been made to cor-
relate the significance of the observations with
respect to the overall well being during the
progress of the process of carcinogenesis and its
chemoprevention.

Materials and Methods

Chemicals and Materials
Benzo(a)pyrene was obtained from Sigma

Chemical Co. (St. Louis, MO, USA). The other
chemicals utilized were obtained from reputed
local chemical firms (India) and were of high-
est purity/analytical grade. Capsules containing
100 mg of spray dried aqueous A. indica leaf
extract were obtained from a recognized herbal
company (Dabur India Ltd). The contents of
the capsules were reconstituted in double dis-
tilled water immediately before its oral admin-
istration to the animals in order to attain the re-
quired doses32-35,39,50.

Animal Model and Experimental Conditions
In the present experimental investigation, ran-

dom-bred virgin female Balb/c mice (6-8 weeks
old) procured from Central Animal House, Pan-
jab University, Chandigarh, India, were utilized.
The animals were housed in polypropylene cages
bedded with sterilized rice husk and provided ad-
libitum access to clean drinking water and stan-
dard animal pellet diet formulated on scientific
backgrounds (Ashirwad Industries, Tirpari,
Kharar, Distt. Ropar, Punjab, India) throughout
the experiment. The temperature of animal room
was maintained at 21±1°C, humidity 50-60% and
a 12 hours dark and light cycle. The animals
were cared for according to the “Principles of
Laboratory Animal Care” of the National Insti-
tute of Health (USA) and under strict adherence
to Indian Animal Ethic Committee (IAEC). Be-
fore starting various treatments, the animals were
kept for acclimatization to experimental condi-
tions for one week and the final day of their ac-
climatization period was considered as zero week
of the experiment.



1058

the absorbance of the colored complexes against
only Drablin’s solution (as a reference) at 540
nm on a double beam spectrophotometer (Shi-
madzu UV 160, Shimadzu Corporation, Kyoto,
Japan). Cyanmethemoglobin standard solution
was used for plotting a standard curve and calcu-
lating the Hb levels in unknown samples.

Red Blood Cells (RBCs)
Method of Dacie and Lewis51 was employed to

estimate the total numbers of RBCs using
Hayem’s solution as RBC diluting fluid. The
principle consists of diluting a sample of blood
with a Hayem’s solution and counting the cells in
a small portion of this under the microscope.
Hayem’s solution is an isotonic fluid which con-
sists of sodium chloride, sodium sulphate and
mercuric chloride. The sodium sulphate discour-
ages clumping of the erythrocytes and the mer-
curic chloride act as a preservative. Briefly, blood
samples were diluted in RBC diluting fluid in the
ratio of 1:20 (v/v) in a RBC diluting tube/bulb.
After discarding first two-three drops of the dilut-
ed blood, a drop of the same was immediately
poured on Neubaur’s chamber. After few seconds
of pouring the diluted blood and placing a cover
slip, the RBCs were counted in small squares.
Their number in undiluted blood was calculated
and was expressed as RBCs/µl of blood.

White Blood Cells (WBCs)
WBC counting in blood was carried out by

the method of Dacie and Lewis, 199151. In this
protocol, the blood is diluted with Turk’s fluid
(2% acetic acid in distilled water with a pinch
of crystal violet). The acetic acid is capable of
destroying RBCs and the stain present i.e. crys-
tal violet stains the nuclei of WBCs that could
easily be counted in a Neubaur’s chamber.
Briefly, the blood samples were diluted in
Turk’s fluid in the ratio of 1:20 (v/v) and the
contents were well mixed in a WBC diluting
tube/bulb. First two-three drops of the diluted
blood were discarded and a drop of the same
was immediately poured on Neubaur’s chamber.
After few seconds of pouring the diluted blood
and placing the glass cover slip, the stained
WBCs were counted. Their number in undiluted
blood was calculated and was expressed as
WBCs/µl of blood.

Differential leukocyte counts (DLC)
DLC was also done by the method of Dacie

and Lewis51. In this protocol a thin blood smear
stained with stains such as Giemsa’s or Leish-
man,s stain are examined under immersion oil
and different subtypes of the leukocytes are then
identified/counted. Briefly, a drop of freshly
drawn blood was taken on a clean grease-free

S.C. Gangar, R. Sandhir, A. Koul

Figure 1. Schedule for the assessment of hematological parameters at different stages of forestomach tumorigenesis bioassay
protocol.



microscopic glass slide and spreaded using cov-
er slip held at an angle of 45o into a smooth lay-
er to prepare thin smear. The air dried smear
was fixed in methanol for 10 min. The fixed
blood films were loaded with freshly pre-
pared/diluted Giemsa’s stain for around 30 min.
The stain was then drained off in a stream of
distilled water and the slides were allowed to air
dry. The stained slide was examined under im-
mersion oil and the different types of the leuko-
cytes were then identified and recorded for each
slide. Percent number of each type of cells was
calculated and the DLC was expressed as per-
centage.

Histopathology of Forestomachs

At the end of the experiment, mice from all the
groups were sacrificed by cervical dislocation
under light ether anesthesia. The stomachs were
carefully removed and forestomachs (the non-
glandular part) were processed for histopatholo-
gy using hematoxylin and eosin (H&E) staining.
Briefly, the formalin fixed tissues were dehydrat-
ed through ascending grades of alcohol, cleared
in benzene and embedded in low melting point
paraffin. Sections of 5 micrometer thick were
cut, placed serially on clean glass slides and then
de-paraffinised through descending grades of al-
cohol. Three contiguous sections were made
from each forestomach tissue and stained with

H&E for evaluation under light microscope. The
slides were coded, so that the particular sample
identity was not known while performing assess-
ment.

Statistical Analysis
The data was expressed as means ± SD. Statis-

tical significance was analyzed by unpaired Stu-
dent’s t-test.

Results

Mice of all the treatment groups showed
non-significant changes in their body weights
(Table I) and diet (Table II) and water (Table
III) consumption when compared to their re-
spective control counterparts. However, body
weights of the mice that received carcinogen
treatment only were comparatively lesser than
the controls as well as AAILE treated mice
(Table I). At the end of the experiment, the
mice were sacrificed for detection of tumor de-
velopment. All the mice that received only
B(a)P showed tumors over their forestomach.
However, the animals that received AAILE be-
fore, during and after B(a)P instil lations
showed reduced incidence of tumorigenesis
when compared to the animals that did not re-
ceive the same. Similar data regarding the ex-
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Groups of mice

Duration Controls B(a)P A. indica B(a)P + A. indica

1st week 22.1 ± 1.51 22.6 ± 1.68 22.4 ± 1.78 22.3 ± 1.64
2nd week 22.8 ± 1.25 22.7 ± 1.89 23.1 ± 1.01 22.7 ± 1.34
4th week 23.2 ± 1.08 22.4 ± 0.92 23.5 ± 0.97 23.3 ± 1.34
6th week 23.2 ± 0.87 22.7 ± 1.19 23.2 ± 1.32 23.1 ± 1.19
8th week 23.1 ± 1.30 21.8 ± 0.98 23.6 ± 1.35 23.9 ± 1.98
10th week 23.6 ± 1.02 21.9 ± 1.14 24.1 ± 1.97 23.4 ± 1.43
12th week 23.8 ± 1.08 22.3 ± 1.01 24.1 ± 0.88 23.2 ± 1.34
14th week 24.2 ± 1.67 22.6 ± 1.49 24.7 ± 1.34 24.1 ± 1.11
16th week 24.3 ± 1.49 24.3 ± 1.27 25.1 ± 1.85 25.2 ± 1.87
18th week 26.1 ± 1.45 25.5 ± 2.06 25.9 ± 2.23 25.8 ± 1.31
20th week 26.6 ± 0.92 25.6 ± 0.92 27.8 ± 1.94 27.1 ± 1.64
22nd week 26.8 ± 1.99 25.8 ± 1.54 27.4 ± 1.71 26.7 ± 2.31
24th week 27.6 ± 1.63 26.5 ± 2.25 27.8 ± 1.94 27.1 ± 1.64

Table I. B(a)P and/or A. indica on body weight of mice during forestomach tumorigenesis bioassay protocol.

Data: Means ± SD of 6-8 animals. Units of body weight: g.
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tent of forestomach tumorigenesis and its mod-
ulation by AAILE has already been reported
from our laboratory34. Further, histopathologi-
cal analysis confirmed the tumors to be papillo-
mas with endophytic growth in the form of
papillary projections (Figure 2). A. indica treat-
ment caused a significant increase in the levels
of Hb as was seen (at week 4th and 8th of the ex-
periment) in mice that received only AAILE
treatment. At later durations of the experiment,

the levels of Hb were found to be enhanced in
mice that received only AAILE treatment when
compared to the control animals. In mice that
received B(a)P instillations, a significant de-
crease (at week 4th, 12th, 16th, 20th and 24th of
the experiment.) in Hb contents as was ob-
served. However, in mice that received AAILE
along with B(a)P instillations, the Hb contents
were observed to be significantly higher as
compared to only B(a)P receiving mice (Table

S.C. Gangar, R. Sandhir, A. Koul

Groups of mice

Duration Controls B(a)P A. indica B(a)P + A. indica

1st week 5.25 ± 0.13 5.24 ± 0.08 5.35 ± 0.26 5.28 ± 0.19
2nd week 5.19 ± 0.11 5.28 ± 0.14 5.38 ± 0.11 5.19 ± 0.20
4th week 5.70 ± 0.69 5.75 ± 0.69 5.55 ± 0.49 5.71 ± 0.37
6th week 5.92 ± 0.65 5.67 ± 0.31 6.11 ± 0.09 6.00 ± 0.64
8th week 5.46 ± 0.35 5.29 ± 0.27 5.65 ± 0.34 5.30 ± 0.20
10th week 5.61 ± 0.69 5.48 ± 0.21 5.63 ± 0.28 5.55 ± 0.29
12th week 5.55 ± 0.35 5.49 ± 0.31 5.68 ± 0.29 5.49 ± 0.20
14th week 5.56 ± 0.14 5.55 ± 0.40 5.81 ± 0.14 5.71 ± 0.15
16th week 5.55 ± 0.32 5.84 ± 0.11 5.73 ± 0.23 5.77 ± 0.17
18th week 5.82 ± 0.26 5.72 ± 0.23 5.99 ± 0.57 5.70 ± 0.57
20th week 5.76 ± 0.55 5.65 ± 0.31 5.88 ± 0.39 5.72 ± 0.22
22nd week 5.84 ± 0.20 5.48 ± 0.36 5.96 ± 0.17 5.69 ± 0.46
24th week 5.69 ± 0.42 5.67 ± 0.49 5.79 ± 0.39 5.56 ± 0.43

Table III.B(a)P and/or A. indica on water consumption by mice during forestomach tumorigenesis bioassay protocol.

Data: Means ± SD of 6-8 animals. Units of water consumed: ml.

Groups of mice

Duration Controls B(a)P A. indica B(a)P + A. indica

1st week 5.77 ± 0.46 5.81 ± 0.57 5.64 ± 0.47 5.71 ± 0.53
2nd week 5.79 ± 0.29 5.81 ± 0.29 5.73 ± 0.48 5.90 ± 0.84
4th week 5.69 ± 0.69 5.75 ± 0.69 5.55 ± 0.49 5.71 ± 0.37
6th week 5.92 ± 0.65 5.68 ± 0.31 6.11 ± 0.09 6.03 ± 0.64
8th week 5.81 ± 0.29 5.93 ± 0.22 5.76 ± 0.24 5.68 ± 0.44
10th week 5.97 ± 0.24 5.83 ± 0.42 6.00 ± 0.53 5.95 ± 0.24
12th week 6.27 ± 0.32 5.98 ± 0.76 6.29 ± 0.32 6.09 ± 0.12
14th week 6.71 ± 0.99 5.91 ± 0.85 6.57 ± 0.87 6.11 ± 0.69
16th week 6.49 ± 0.66 6.04 ± 0.57 6.32 ± 0.41 6.59 ± 0.27
18th week 6.11 ± 0.27 6.17 ± 0.51 6.21 ± 0.49 6.19 ± 0.31
20th week 6.06 ± 0.14 6.06 ± 0.53 6.14 ± 0.47 6.07 ± 0.42
22nd week 6.13 ± 0.52 6.03 ± 0.31 6.11 ± 0.14 6.05 ± 0.71
24th week 6.34 ± 0.34 6.26 ± 0.39 6.35 ± 0.38 6.27 ± 0.47

Table II. B(a)P and/or A. indica on diet consumption by mice during forestomach tumorigenesis bioassay protocol.

Data: Means ± SD of 6-8 animals. Units of diet consumed: g.



IV). A. indica treatment caused a significant in-
crease in RBC counts as was seen (at week 16th

and 24th of the experiment) in mice that re-

ceived only AAILE treatment. Moreover, at lat-
er durations of the experiment, the RBC counts
were found to be enhanced in mice that re-
ceived only AAILE treatment when compared
to the control animals. In mice that received
B(a)P instillations, a significant decrease (at
week 4th, 12th, 16th, 20th and 24th of the experi-
ment) in RBC counts was observed. However,
in mice that received AAILE along with B(a)P
instillations, RBC counts were observed to be
significantly higher as compared to controls as
well as only B(a)P receiving mice (Table V). A.
indica treatment caused a significant increase
in WBC counts as was seen (at week 4th, 20th,
16th and 24th of the experiment) in mice that re-
ceived only AAILE treatment At other dura-
tions studied of the experiment, WBC counts
were found to be enhanced in mice that re-
ceived only AAILE treatment when compared
to the control animals. In mice that received
B(a)P instillations, a significant decrease (at
week 4th, 12th, 16th, 20th and 24th of the experi-
ment.) in WBC counts was observed. However,
in mice that received AAILE along with B(a)P
instillations, WBC counts were observed to be
significantly higher as compared to control and
only B(a)P receiving mice (Table VI). A. indica
treatment caused a significant decrease in the
neutrophil counts as was seen (at week 8th and
24th of the experiment) in mice that received
only AAILE treatment. At other durations of
the experiment, the neutrophils counts were
found to be decreased in mice that received on-
ly AAILE treatment when compared to the con-
trol animals. In mice that received B(a)P instil-
lations, a significant increase (at week 4th, 8th,
12th, 16th, 20th and 24th of the experiment) in
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Groups of mice
Duration
(week) Controls B(a)P A. indica B(a)P + A. indica

0th 13.1 ± 0.40 13.4 ± 0.45 13.3 ± 0.46 13.1 ± 0.85
4th 13.4 ± 0.26 11.1 ± 0.42** 14.2 ± 0.29** 12.3 ± 0.25**#

8th 13.1 ± 0.09 13.1 ± 0.33 13.7 ± 0.26* 14.2 ± 0.46*#

12th 13.1 ± 0.35 12.1 ± 0.17** 13.2 ± 0.41 13.2 ± 0.50#

16th 13.3 ± 0.28 12.6 ± 0.28* 13.7 ± 0.42 13.4 ± 0.32#

20th 13.7 ± 0.28 12.2 ± 0.28* 13.7 ± 0.57 13.8 ± 0.22#

24th 13.6 ± 0.26 12.7 ± 0.32* 13.9 ± 0.35 14.8 ± 0.56*##

Table IV. B(a)P and/or A. indica on the status of Hb contents during forestomach tumorigenesis bioassay protocol.

Values are expressed as Means ± SD (n = 6-8); Units of Haemoglobin: gdl-1; Symbols and Statistical significance: * and **
represents p ≤ 0.05 and p ≤ 0.01 respectively when test group of mice compared to control counterparts; # and # # represents p ≤
0. 05 and p ≤ 0.01 respectively when B(a)P + A. indica group of mice compared to B(a)P.

Figure 2. H & E staining of normal (A) and tumorous (B)
forestomach tissues. Histopathological analysis revealed the
tumors as papillomas with endophytic growth in the form of
papillary projections. Abbreviations: K: keratin layers; Lu:
lumen; Mm: muscularis mucosa; P: papilla; Ppj: papillary
projections. (40×).
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neutrophils counts was observed. However, in
mice that received AAILE along with B(a)P in-
stillations, neutrophils counts were observed to
be significantly lower as compared to only
B(a)P receiving mice (Table VII). A. indica
treatment caused a significant increase in the
lymphocyte counts as was seen (at week 4th, 8th

and 20th of the experiment) in mice that re-
ceived only AAILE treatment At other dura-
tions of the experiment, the lymphocyte counts
were found to be increased in mice that re-
ceived only AAILE treatment when compared
to the control animals. In mice that received
B(a)P instillations, a significant decrease (at
week 4th, 8th, 12th, 16th, 20th and 24th of the ex-
periment) in lymphocyte counts was observed.
However, in mice that received AAILE along
with B(a)P instillations, lymphocyte counts

were observed to be significantly increased as
compared to only B(a)P receiving mice (Table
VIII). In only AAILE receiving mice the mono-
cytes count decreased at 12th week whereas a
slight increase in the same was observed at 16th

week of the experiment. In mice that received
B(a)P instillations, a significant decrease in
monocytes at 4th and 8th week of the experiment
was observed. However, in mice that received
AAILE along with B(a)P instillations, mono-
cytes counts were observed to be improved as
compared to only B(a)P receiving mice (Table
IX). A. indica treatment caused a significant
decrease in the eosinophils counts as was seen
(at week 4th, of the experiment) in mice that
received only AAILE treatment. In mice that
received B(a)P instillations, a significant de-
crease (at week 4th and 8th of the experiment),
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Groups of mice
Duration
(week) Controls B(a)P A. indica B(a)P + A. indica

0th 8.61 ± 0.56 8.69 ± 1.03 8.58 ± 0.71 8.57 ± 0.43
4th 8.47 ± 0.61 5.18 ± 0.10** 8.74 ± 0.14 7.01 ± 1.01#

8th 8.61 ± 0.68 7.06 ± 1.00 8.89 ± 0.52 7.47 ± 0.99
12th 8.79 ± 0.10 8.42 ± 0.22* 9.47 ± 0.49 9.14 ± 0.50#

16th 8.64 ± 0.13 5.91 ± 0.59** 9.89 ± 0.23** 8.72 ± 0.83###

20th 8.50 ± 0.08 7.46 ± 0.33* 8.62 ± 0.45 9.67 ± 0.73*##

24th 8.45 ± 0.15 7.53 ± 0.54* 9.45 ± 0.52* 9.36 ± 0.21***##

Table V. B(a)P and/or A. indica on the status of RBC counts during forestomach tumorigenesis bioassay protocol.

Values are expressed as Means ± SD (n = 6-8); Units of RBC Count: ×106/mm3); Symbols and Statistical significance: * and
** represents p ≤ 0. 05, p ≤ 0.01 and p ≤ 0.001 respectively when test group of mice compared to control counterparts; #, ## and
# # # represents p ≤ 0.05, p ≤ 0.01 and p ≤ 0.001 respectively when B(a)P + A. indica group of mice compared to B(a)P.

Groups of mice
Duration
(week) Controls B(a)P A. indica B(a)P + A. indica

0th 8.55 ± 0.78 8.58 ± 0.46 8.12 ± 0.51 8.35 ± 0.93
4th 8.68 ± 0.58 8.08 ± 0.63 10.38 ± 0.95* 8.12 ± 0.38
8th 8.32 ± 0.18 7.77 ± 0.42 8.87 ± 0.37 8.96 ± 0.35
12th 8.30 ± 0.35 7.08 ± 0.25** 8.82 ± 0.38 8.33 ± 0.50#
16th 8.35 ± 0.13 7.52 ± 0.26** 8.92 ± 0.25* 8.30 ± 0.35#

20th 7.67 ± 0.16 6.52 ± 0.46* 8.23 ± 0.33* 7.10 ± 0.27*
24th 8.02 ± 0.21 6.62 ± 0.31** 8.60 ± 0.25* 8.17 ± 0.30##

Table VI. B(a)P and/or A. indica on the status of WBC counts during forestomach tumorigenesis bioassay protocol.

Values are expressed as Means ± SD (n = 6-8); Units of WBC counts: Number × 1000/mm3; Symbols and Statistical signifi-
cance: * and ** represents p ≤ 0.05 and p ≤ 0.01 respectively when test group of mice compared to control counterparts; # and
## represents p ≤ 0.05 and p ≤ 0.01 respectively when B(a)P + A. indica group of mice compared to B(a)P).
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Groups of mice
Duration
(week) Controls B(a)P A. indica B(a)P + A. indica

0th 30.3 ± 3.96 31.6 ± 2.06 32.4 ± 2.44 30.5 ± 0.95
4th 29.6 ± 1.10 36.0 ± 1.20** 28.0 ± 1.64 31.8 ± 0.43*##

8th 29.8 ± 0.79 37.7 ± 2.05** 27.7 ± 1.11* 33.4 ± 0.56**#

12th 30.8 ± 2.64 35.6 ± 0.75* 27. 4 ± 1.08 34.6 ± 0.99*
16th 28.6 ± 1.10 40.4± 1.39*** 27.4 ± 2.62 30.5 ± 4.06#
20th 28.8 ± 2.18 35.7 ± 2.23** 26.0 ± 0.64 28.4 ± 2.65#

24th 26.1 ± 1.03 37.8 ± 3.53* 23.5 ± 1.24* 27.4 ± 2.86##

Table VII. B(a)P and/or A. indica on the % count of neutrophils during forestomach tumorigenesis bioassay protocol.

Values are expressed as Means ± SD (n = 6-8); Units of Neutrophils: %; Symbols and Statistical significance: *, ** and ***
represents p ≤ 0.05, p ≤ 0.01 and p ≤ 0.001 respectively when test group of mice compared to control counterparts; # and ## rep-
resents p ≤ 0.05 and p ≤ 0.01 respectively when B(a)P + A. indica group of mice compared to B(a)P.

Groups of mice
Duration
(week) Controls B(a)P A. indica B(a)P + A. indica

0th 57.7 ± 1.10 54.9 ± 0.84 55.1 ± 2.65 55.4 ± 1.87
4th 57.7 ± 0.93 40.4 ± 6.40* 62.8 ± 1.67** 59.5 ± 2.72#

8th 55.0 ± 1.36 49.6 ± 2.46* 59.8 ± 0.85** 55.5 ± 1.19#

12th 57.7 ± 1.74 52.4 ± 1.26** 59.1 ± 1.21 54.2 ± 3.62
16th 59.2 ± 1.83 45.9 ± 2.23*** 61.1 ± 3.26 62.4 ± 3.47##

20th 59.5 ± 1.37 53.1 ± 3.34* 65.2 ± 3.19* 60.6 ± 2.35#

24th 58.9 ± 4.25 50.2 ± 3.69* 64.1 ± 1.20 59.8 ± 4.27#

Table VIII. B(a)P and/or A. indica on the % count of lymphocytes during forestomach tumorigenesis bioassay protocol.

Values are expressed as Means ± SD (n=6-8); Units of Lymphocytes: %; Symbols and Statistical significance: *, ** and ***
represents p ≤ 0.05, p ≤ 0.01 and p ≤ 0.001 respectively when test group of mice compared to control counterparts; # and # #

represents p ≤ 0. 05 and p ≤ 0.01 respectively when B(a)P + A. indica group of mice compared to B(a)P.

Groups of mice
Duration
(week) Controls B(a)P A. indica B(a)P + A. indica

0th 7.53 ± 0.79 7.13 ± 0.90 6.42 ± 1.34 7.18 ± 0.58
4th 6.32 ± 0.28 4.81 ± 0.31** 7.15 ± 0.51* 5.19 ± 0.37**
8th 7.51 ± 0.75 3.87 ± 0.19* 6.71 ± 0.21 7.53 ± 0.61#

12th 8.06 ± 0.84 7.07 ± 0.21 6.84 ± 0.31 7.33 ± 0.82
16th 7.22 ± 0.28 7.98 ± 0.24* 8.07 ± 0.18* 5.98 ± 0.79
20th 7.93 ± 1.40 5.88 ± 0.77 7.03 ± 0.88 6.97 ± 0.93
24th 7.90 ± 0.95 6.55 ± 0.24 7.28 ± 0.19 7.98 ± 1.01

Table IX. B(a)P and/or A. indica on the % count of monocytes during forestomach tumorigenesis bioassay protocol.

Values are expressed as Means ± SD (n = 6-8); Units of Monocytes: %; Symbols and Statistical significance: * and ** repre-
sents p ≤ 0.05 and p ≤ 0.01 respectively when test group of mice compared to control counterparts; # represents p ≤ 0.05 when
B(a)P + A. indica group of mice compared to B(a)P.
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in eosinophils counts was observed. In mice
that received AAILE along with B(a)P instilla-
tions, lymphocyte counts were observed to de-
crease (at 4th and 12th of the experiment) as
compared to control mice. However, the
eosinophils counts were found to increase at
24th week of the experiment (Table X). A. indi-
ca treatment did not cause significant change in
the basophils counts as was seen in mice that
received only AAILE treatment. In mice that
received B(a)P instillations, a significant in-
crease (at week 8th of the experiment) in ba-
sophils counts was observed. In mice that re-
ceived AAILE along with B(a)P instillations,
basophils counts were observed to decrease at
week 24th of the experiment) as compared to
only B(a)P receiving mice (Table XI).

Discussion

Exposure of B(a)P, apart from inducing muta-
genicity and carcinogenicity, has also been re-
ported to cause other toxicities such as terato-
genicity, immuno-toxicity and hemato-toxicity
in various species5-7. Besides exposure to car-
cinogens, the process of carcinogenesis itself as
well as the state of bearing tumors may lead to
several pathologies including hematological
complications18,19. Moreover, almost all thera-
peutic regimens available for cancer generally
produce a lot of side effects, including hemato-
logical toxicity20,21. Hematological parameters
are routinely monitored during the course of
treatment of malignancy for assessing the over-

all well being as well as the effects of the treat-
ment. The present piece of work address the
modulatory effects of A. indica leaf extract on
certain hematological parameters in mice during
benzo(a)pyrene induced forestomach tumorige-
nesis in female Balb/C mice.
Body status of experimental animals is gen-

erally considered as one of the essential para-
meters while studying the effects of tox-
ic/carcinogenic chemical substances and their
prevention employing known as well as putative
chemopreventive agents. Among different para-
meters related to body status, the body weight
occupies special attention since it is one of the
easiest for assessment and variable/effectible pa-
rameter as far as the progress of the process of
carcinogenesis are concerned. During the course
of present experimental bioassay protocol, the
mice were observed for changes in their body
weights. Non-significant changes were observed
in the body weights of mice in any of the groups
studied. Mice in all the groups showed normal
body growth and gained weights when com-
pared to their respective initial body weights.
However, it seems pertinent to mention here that
at most of the stages of the experiment, the body
weights of mice that received only B(a)P instil-
lations, were observed to be non-significantly
lower than their respective control counterparts,
as well as mice receiving AAILE along with
B(a)P. Though the said alterations were non-sig-
nificant, all the factors being same, it is quite ap-
parent that the observed lesser weight gains in
only B(a)P receiving mice could be attributed to
the ill effects of carcinogenic insult and/or the
process of tumorigenesis. In one of similar stud-
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Groups of mice
Duration
(week) Controls B(a)P A. indica B(a)P + A. indica

0th 4.77 ± 0.50 4.74 ± 0.32 4.51 ± 0.61 4.89 ± 0.41
4th 5.13 ± 0.38 3.92 ± 0.45* 3.71 ± 0.69* 3.95 ± 0.61*
8th 4.76 ± 0.39 1.91 ± 0.13* 3.75 ± 0.25 2.30 ± 0.25
12th 4.55 ± 0.10 4.79 ± 0.25 4.85 ± 0.21 3.54 ± 0.26*#

16th 4.32 ± 0.35 6.46 ± 0.15* 4.37 ± 0.51 4.30 ± 0.39#

20th 4.51 ± 0.18 4.60 ± 0.09 4.68 ± 0.15 4.40 ± 0.65
24th 4.33 ± 0.35 4.94 ± 0.23 4.70 ± 0.70 7.35 ± 0.55*#

Table X. B(a)P and/or A. indica on the % count of eosinophils during forestomach tumorigenesis bioassay protocol.

Values are expressed as Means ± SD (n = 6-8); Units of Eosinophils: %; Symbols and Statistical significance: * represents p ≤
0. 05 when test group of mice compared to control counterparts; # represents p ≤ 0.05 when B(a)P + A. indica group of mice
compared to B(a)P.



ies, Jagetia et al49 reported non-significant alter-
ations in the body weights of the mice during
B(a)P induced forestomach tumorigenesis. Non-
significant alterations in body weight of mice
during B(a)P induced forestomach and 7,12-di-
methylbenz(a)anthracene (DMBA) induced skin
papillomagenesis in murine model has also been
documented by Dasgupta et al41. In a study from
our Laboratory, DMBA induced skin carcino-
genesis was observed to result in diminished
growth of mice as was evidenced by significant-
ly reduced body weights of the mice receiving
only DMBA injections at the end of the experi-
ment when the same was compared to their re-
spective initial body weights. However, A. indi-
ca was observed to prevent the said alteration as
was seen in the mice that received AAILE ad-
ministrations along with DMBA injections32.
Other general but important parameters includ-
ed the consumption of diet as well as water, and
during the whole experimental period, the mice
were routinely examined for changes in the
same. Non-significant changes were observed in
the diet as well as water consumption in any of
the groups studied. Alterations in these parame-
ters are usually observed when the same are
supplemented with some chemicals, drugs or
other substances. For example, in a study in-
volving the effects of A. indica flowers on
chemoprevention of mammary carcinogenesis, a
change in diet consumption by animals was ob-
served since the flowers were added to the diet
and the latter tasted bitter than the naive diet53.
Since in the present study, diet as well as water
given to animals were not supplemented with
AAILE, non-significant changes in the con-

sumption of diet/water may be correlated to the
fact exemplified above.
Hemoglobin is an iron containing protein pig-

ment present in erythrocytes that imparts charac-
teristic red color to blood. Its major role is in the
transport of O2 throughout the body and its defi-
ciency may result in pathological condition
called anemia. The later is a frequent complica-
tion of cancer19 that may result from the malig-
nant disease itself, accompanying infections or
from therapy employed18. Anemia has also been
suggested to appear due to reduction in RBCs or
hemoglobin percentage and this may occur due
to iron deficiency or due to hemolytic or myelo-
pathic conditions54. Regardless of the cause, ane-
mia in cancer has a complex and generally nega-
tive impact. The complications of anemia result
from hypoxia of virtually all organs and tumor
hypoxia is frequently considered a potential ther-
apeutic problem because it renders solid tumors
more resistant to ionizing radiation and may also
confer decreased sensitivity to most anticancer
drugs55. Continued hypoxia may result in cellular
changes leading to a more aggressive tumor phe-
notype as reflected by accelerated malignant pro-
gression, increased potential for local invasive-
ness, and tumor cell spreading56. On the other
hand, induced hyperoxia has been suggested to
retard growth of and to cure certain cancers by
inducing apoptosis57,58. Therefore, the Hb/RBC
increasing property of anticancer agents could be
highly appreciated as far as the anticancer prop-
erty as well as the overall well being of the or-
ganism affected is concerned. In the present
study, A. indica treatment caused a significant in-
crease in the levels of Hb as was seen in mice
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Groups of mice
Duration
(week) Controls B(a)P A. indica B(a)P + A. indica

0th 2.02 ± 0.06 1.95 ± 0.13 1.84 ± 0.15 1.91 ± 0.02
4th 1.24 ± 0.11 1.55 ± 0.19 1.56 ± 0.02 1.25 ± 0.05
8th 1.18 ± 0.05 3.26 ± 0.28* 1.82 ± 0.28 2.11 ± 0.32#

12th 1.28 ± 0.22 1.10 ± 0.05 1.02 ± 0.04 1.01 ± 0.11
16th 1.10 ± 023 0.50 ± 0.06 0.80 ± 0.06 0.89 ± 0.16
20th 1.14 ± 0.15 0.81 ± 0.18 2.25 ± 0.08 1.22 ± 0.16
24th 1.32 ± 0.16 1.12 ± 0.08 1.28 ± 0.06 1.55 ± 0.08#

Table XI. B(a)P and/or A. indica on the % count of basophils during forestomach tumorigenesis bioassay protocol.

Values are expressed as Means ± SD (n = 6-8); Units of Basophils: %; Symbols and Statistical significance: *represents p ≤
0.05 when test group of mice compared to control counterparts; # represents p ≤ 0.05 when B(a)P + A. indica group of mice
compared to B(a)P.
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that received only AAILE treatment when com-
pared to the control animals. In mice that re-
ceived B(a)P instillations, a significant decrease
in Hb contents was observed. However, in mice
that received AAILE along with B(a)P instilla-
tions, the Hb contents were observed to be signif-
icantly higher as compared to only B(a)P receiv-
ing mice. Our observations suggest that B(a)P
exposure causes decrease in Hb contents whereas
AAILE treatment tends to restore the levels of
same. Restoration of Hb contents in mice that re-
ceived AAILE along with B(a)P indicate that A.
indica might have reduced the hypoxic condition
in forestomach tumors and hence the reduction in
the extent of tumorigenesis as reported earlier34

by enhancing apoptosis as observed in our anoth-
er related experimental investigation59.
Red blood cells (RBCs), oval biconcave

shaped cells lacking nucleus and other or-
ganelles, are abundant cells in blood of mam-
mals. Their major function is the transport of
oxygen throughout the body with the help of he-
moglobin contained in them. In addition to oxy-
gen transport, they also function as conveyors of
nutrients, participate in inter-organ communica-
tion, and serve as target for drugs, environmental
xenobiotics, and pathological factors60. Erythro-
cytes are produced in the red bone marrow from
committed stem cells called hemocytoblasts and
they mature in about one to two days. They live
for about four months before being destroyed by
the spleen. Anemia is a common disorder involv-
ing RBCs and hemoglobin. It is a condition in
which there are fewer than the normal number of
red blood cells and/or less than the normal
amount of hemoglobin in each cell. In the pre-
sent study, A. indica treatment caused a signifi-
cant increase in the RBC counts as was seen in
mice that received only AAILE treatment when
compared to the control animals. In mice that re-
ceived B(a)P instillations, a significant decrease
in RBC counts was observed. However, in mice
that received AAILE along with B(a)P instilla-
tions, RBC counts were observed to be signifi-
cantly higher as compared to only B(a)P receiv-
ing mice. This observation suggests that A. indi-
ca has a potential of restoring/enhancing RBCs
count and this may be well correlated to the ef-
fects of AAILE on Hb contents. It appears, that
AAILE show its enhancing effects on Hb con-
tents through increasing RBC count. However,
the enhancing effects of A. indica on the Hb con-
tents of individual RBCs could not be ruled out
and further mechanistic studies are required to

explore reasons behind the observed modula-
tions. Considering the literature available and the
observed decrease in the number of RBC accom-
panied by a decrease Hb contents upon B(a)P in-
stillations in the present piece of research work,
it appears that B(a)P exposure as well as the
process of tumorigenesis might have caused the
lysis of RBCs for eliciting anemia. Ray &
Chowdhury studied the effect of tumor growth on
the survival of circulating erythrocytes in mice
bearing a wide spectrum of experimental tu-
mors23,24. RBC half-life, measured by 51Cr-label-
ing technique, decreased significantly in all the
tumor types studied, particularly in trans-
plantable Sarcoma-180 and B(a)P-induced pri-
mary fibrosarcoma24. Studies on B(a)P-induced
fibrosarcoma indicate marked reduction in RBC
51Cr half-life and increasing tumor burden result-
ed in increment in the severity of this disorder. It
was suggested that the observed alteration in
RBC life span may be due to the effect of tumor
and further both intrinsic as well as extrinsic cel-
lular defects were speculated to be implicated for
this abnormality23.
In a recent study, Booker and White Jr evaluat-

ed the hematological alterations in mice treated
with B(a)P and observed anemia with significant
decrease in RBC number and hematocrit27. They
suggested hemolysis to be the most likely cause
of the anemia. B(a)P metabolism can lead to the
production of reactive oxygen species (ROS).
Hemoproteins in the RBCs can metabolize
PAHs61. The main product of this type of metab-
olism is quinines and an increase in formation of
the later leaves RBCs more susceptible to lysis
and thus leading to anemia. In our earlier studies,
we have reported that AAILE decrease the activi-
ties of certain carcinogen metabolising enzymes
and enhance the activities of detoxification en-
zymes and reduced glutathione contents in liver,
the primary side of B(a)P metabolism in mice
models33,35. Therefore, A. indica mediated de-
creased extent of metabolic activation along with
enhanced detoxification of B(a)P might have
been responsible for the lesser exposure of B(a)P
metabolites and hence a lesser decrease in the
number of RBCs as well as the Hb contents in
the mice that received AAILE along with B(a)P
instillations.
White Blood Cell (WBC) count is the total

number of leukocytes in the blood per unit vol-
ume. A high WBC count usually means that the
body is fighting an infection whereas a very low
WBC count can be caused by problems with the
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bone marrow. The later condition is called cy-
topenia or leukopenia which means that organ-
ism is less able to fight off infections. Urso et al
studied the changes in peripheral blood cells in
mice after injection with benzo(a)pyrene during
pregnancy25. Their observations suggested that
although pregnancy depresses the leukocyte pro-
file, exposure to BP exacerbates this change, and
preferentially affects the lymphocytes25. In our
experimental investigation, A. indica treatment
caused a significant increase in WBC counts as
was seen in mice that received only AAILE treat-
ment when compared to the control animals. In
mice that received B(a)P instillations, a signifi-
cant decrease in WBC counts was observed.
However, in mice that received AAILE along
with B(a)P instillations, WBC counts were ob-
served to be significantly higher as compared to
control as well as only B(a)P receiving mice.
Earlier, A. indica has been reported to enhance
the WBC counts in and this immuno-stimulation
observed was correlated with the growth restric-
tion of murine carcinoma44.
Neutrophil granulocytes, generally referred to

as neutrophils, form an integral part of the im-
mune system. These phagocytes are normally
found in the blood stream. However, during the
acute phase of inflammation, neutrophils leave
the vasculature and migrate toward the site of
inflammation in a process called chemotaxis.
Neutrophils react within an hour of insult and
they spend only a few hours in the bloodstream
before being recruited toward inflammatory dis-
tricts, where they survive for one-two days be-
fore undergoing spontaneous apoptosis62. In the
tissue, they act as phagocytic cells and also re-
lease a variety of ROS and proteases. These
mechanisms confer to neutrophils a key role in
host defense against bacteria and parasites, but
paradoxically neutrophil-led inflammation may
also be central to the pathogenesis of a range of
chronic syndromes, ranging from bronchitis and
asthma through emphysema, fibrosis, and tumor
progression63. In the present study, A. indica
treatment caused a significant decrease in the
neutrophil counts as was seen in mice that re-
ceived only AAILE treatment when compared
to the control animals. In mice that received
B(a)P instillations, a significant increase in neu-
trophils counts was observed. However, in mice
that received AAILE along with B(a)P instilla-
tions, neutrophils counts were observed to be
significantly lower as compared to only B(a)P
receiving mice. A. indica mediated decrease in

neutrophils further supports it anti-inflammato-
ry efficacy and the same, at least in part, could
have been responsible for retarded tumor pro-
gression and lesser extent of forestomach tu-
morigenesis as reported earlier34.
Lymphocytes are non-motile and non-phago-

cytic cells. Anatomically, an important distin-
guishing feature of lymphocytes is their large nu-
clei with scanty cytoplasm. One group of lym-
phocytes, B-lymphocytes, are precursor of plas-
ma cells that produce antibodies. Other lympho-
cytes, T-lymphocytes, are involved in immune re-
actions, such as graft rejection and delayed hy-
persensitivity. Finally, some lymphocytes, sup-
pressor and helper lymphocytes, regulate the ac-
tivity of other lymphocytes. In a recent experi-
mental investigation, elimination of about 30%
lymphocyte population was observed in female
Balb/c mice upon transplantation of Ehrlich car-
cinoma in comparison with animals without tu-
mor. It was hypothesized that the eliminated pop-
ulation can block the tumor growth64. In the pre-
sent study, A. indica treatment caused a signifi-
cant increase in the lymphocyte counts as was
seen in mice that received only AAILE treatment
when compared to the control animals. In mice
that received B(a)P instillations, a significant de-
crease in lymphocyte counts was observed. How-
ever, in mice that received AAILE along with
B(a)P instillations, lymphocyte counts were ob-
served to be significantly higher as compared to
only B(a)P receiving mice. Therefore, A. indica
mediated increase in lymphocytes may also, up
to some extent, have been responsible for retard-
ed tumor growth and lesser extent of forestomach
tumorigenesis as reported in our earlier study34.
Monocytes are easily recognized by their oval,

notched, or horseshoe-shaped nucleus. They
leave the circulating blood and migrate into tis-
sues where they mature into macrophages and
gets engage into phagocytosis of other foreign
particles. Macrophages are also important in that
they “process” antigens on their surface to facili-
tate immunologic reactions with T-lymphocytes.
This initiates the development of both humoral
and cellular immunity. Examples of processes
that can increase a monocytes count include:
chronic inflammation, stress response, hyper-
adrenocorticism, immune mediated disease, pyo-
granulomatous disease, necrosis, red cell regen-
eration. In our observations, in mice that received
B(a)P instillations, a significant increase (upon
B(a)P instillations) in monocytes counts was ob-
served. However, in mice that received AAILE
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along with B(a)P instillations, monocytes counts
were observed to be improved when compared to
only B(a)P receiving mice. Bone marrow stromal
cells are very important in maintaining normal
myelopoiesis and lymphopoiesis by providing
essential regulatory factors and a favorable mi-
croenvironment for the survival and the regulated
proliferation and differentiation of stem and
progenitor cells65. Damage and disruption of
stromal cell functions result in the decreased pro-
duction of growth factors such as interleukin-1
and -4 and granulocyte/macrophage colony stim-
ulating factor66,67. In this regard, Lyte and Bick
have shown that B(a)P modulates interleukin-1
production by macrophages and have suggested
that cells of the monocyte-macrophage lineage
may be a target of B(a)P68. The toxic effects of
B(a)P on the monocyte-macrophage lineage may
have been through its metabolism69. As stated
earlier also, a decrease in the metabolic activa-
tion enzymes and increase in detoxification en-
zymes upon AAILE treatment has been reported
from our laboratory 33,35. Therefore, the possible
decreased metabolism of B(a)P along with its en-
hance detoxification upon AAILE treatment may
correlated to the observed modulatory effects of
A. indica on monocytes.
Eosinophils, cells which participate in inflam-

matory reactions, play an important role in de-
fence against invading parasites and in the
pathophysiology of allergic diseases70.
Eosinophilia may result from the presence of a
tumor or in certain parasitic infections. Unlike
the neutrophils, eosinophils do not show phago-
cytic activity instead, they release toxic granules
next to their targets. On the other hand, ba-
sophils are the least common of the granulocyte
type of white blood cells and contain large cyto-
plasmic granules which obscure the cell nucleus
under the microscope. When activated, basophils
secrete histamine, several proteoglycans, lipid
mediators like leukotrienes and several cy-
tokines. Histamine and proteoglycans are pre-
stored in the cell’s granules while the other se-
creted substances are newly generated. Each of
these substances contributes to inflammation.
There are other substances that can activate ba-
sophils to secrete which suggests that these cells
have other roles in inflammation. In our study,
A. indica treatment caused a significant decrease
in the eosinophils counts as was seen in mice
that received only AAILE treatment. In mice
that received B(a)P instillations, a significant de-
crease, in eosinophils counts was observed. In

mice that received AAILE along with B(a)P in-
stillations, eosinophils counts were observed to
decrease as compared to control mice. However,
the eosinophils counts were found to increase at
the end of the experiment. Moreover, A. indica
treatment did not cause significant change in the
basophils counts as was seen in mice that re-
ceived only AAILE treatment. In mice that re-
ceived B(a)P, a significant increase after B(a)P
instillations in basophils counts was observed. In
mice that received AAILE along with B(a)P in-
stillations, basophils counts were observed to
decrease at the end of the experiment as com-
pared to only B(a)P receiving mice. These ob-
servations further suggest anti-inflammatory ef-
ficacy of A. indica and that may have been re-
sponsible for retarded tumor growth and lesser
extent of forestomach tumorigenesis as reported
earlier34.
B(a)P has been suggested to be involved in

exacerbating allergic inflammation and the ba-
sophils contribute to allergic inflammation
through the release of preformed and granule-
derived mediators. Kepley et al studied whether
B(a)P or any of its known major metabolites
may be involved in activation of signaling path-
ways associated with mediator release from ba-
sophils71. They found that B(a)P and several
B(a)P-quinones [B(a)PQs] could enhance IgE-
mediated histamine release and cytokine pro-
duction by altering specific signaling pathways.
Moreover, they found that the release of hista-
mine by 1,6-B(a)PQ could be prevented by co-
treatment with N-acetylcysteine (NAC). They
concluded that B(a)PQs or other related oxida-
tive agents can trigger allergic inflammation
through enhanced antigen-induced mediator re-
lease from human basophils through oxidative
stress-associated pathways71. The observed
modulations of eosinophils and basophils by A.
indica could also be related to the probable de-
creased metabolic activation of B(a)P along
with its enhance detoxification of its metabo-
lites upon AAILE treatment.
Hematopoiesis begins with hematopoietic

stem cells that give rise to all blood cell lineages
and is regulated by a tight network of cytokines
and hormones, which are essential for the sur-
vival and differentiation of progenitor cells. This
process can be altered by exogenous chemical
stress72-74. In an in-vitro study, A. indica leaf ex-
tract showed stimulatory activity in stem cell re-
production, suggesting beneficial effects of A. in-
dica leaf extract administration on stem cells. It
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is known that stem cells can repair damaged any
cell or tissue type75,76. The increase in multi-po-
tent cell numbers upon A. indica treatment could
have been responsible for improved hematologi-
cal status in mice receiving AAILE.
In summary, it may be said that in mice that

received only B(a)P instillations (for induction
of forestomach tumors), the levels of Hb, RBCs,
WBCs, lymphocytes and monocytes decreased
whereas the neutrophils counts increased. How-
ever, AAILE treatment reversed these modula-
tions. These observations suggest the favorable
effects of A. indica on hematological parame-
ters studied and seem to be of significance as
far as the process of tumorigenesis, its chemo-
prevention and the overall well being are con-
cerned.
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