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ABSTRACT

Benzo (a) pyrene [B(a)P], a polycyclic aromatic hydrocarbon, induces systemic
toxicity primarily through oxidative stress. This study investigated the protective
effects of 5-Fluorouracil (5-FU), chitosan nanoparticles, isolongifolene, and
isolongifolene-loaded chitosan nanoparticles (ICN-K04) against B (a) P-induced
alterations in haematological parameters, antioxidant status, and mitochondrial
enzyme activities in Sprague-Dawley rats. Animals were divided into six
experimental groups: control, B (a) P, B (a) P + 5-FU, chitosan nanoparticles,
isolongifolene, and ICN-K04. Haematological parameters, antioxidant enzymes,
reduced glutathione, vitamins A, C, and E, and mitochondrial enzymes were
evaluated using standard biochemical methods. B (a) P exposure significantly
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reduced hematological indices, antioxidant defenses, and mitochondrial enzyme | the original author and source are credited.
activities compared with controls. Treatment with 5-FU, isolongifolene, and ICN-
K04 improved several altered parameters, with ICN-K04 generally demonstrating
values closer to those of the control group. Isolongifolene and ICN-K04
significantly (P < 0.05) enhanced mitochondrial enzyme activities compared with
B (a) P-treated animals. Overall, these findings suggest that isolongifolene and its
chitosan nanoparticle formulation, particularly ICN-K04, may offer protective
effects against B (a) P-induced hematological alterations, oxidative stress, and
mitochondrial dysfunction. ICN-K04 demonstrated promising potential as a
protective formulation.
Keywords: ICN-K04, Isolongifolene, Benzo(a)pyrene B(a)P, Haematological
arameters, Antioxidant enzymes, Mitochondrial enzymes, Sprague Dawley rats.

INTRODUCTION

Environmental pollution and chemical toxicity
pose major public health challenges; widespread
exposure to hazardous xenobiotics is associated with
organ dysfunction and cellular damage. Among these
environmental pollutants, Benzo (a) pyrene, a high-
molecular-weight polycyclic aromatic hydrocarbon is
one of the most potent and extensively studied
carcinogenic and mutagenic agents (ATSDR, 1995;

biotransformation, mediated primarily by cytochrome
P450 enzymes specifically CYPIAI and CYPIBI1 via
the aryl hydrocarbon receptor (AhR) signalling pathway
(Goksoyr and Forlin, 1992; Nebert ef al., 2004). This
metabolic activation leads to the formation of reactive
intermediates notably benzo(a)pyrene-7,8-dihydrodiol-
9,10 epoxide (BPDE) which bind covalently to cellular
macromolecules, such as DNA, thereby causing
mutations and genomic instability (Baird et al., 2005;

WHO, 1998). Benzo(a)pyrene primarily originates from
the incomplete combustion of organic matter; it is also
found in vehicle exhaust, industrial emissions, cigarette
smoke, and charred or grilled foods (EFSA, 2008). Once
absorbed by living organisms, B(a)P undergoes complex

Manimaran et al.,2019).

Beyond direct genotoxicity, it is well
established that exposure to Benzo (a) pyrene induces
severe systemic oxidative stress through the excessive
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production of intracellular reactive oxygen species
(ROS) (Manimaran et al., 2026, Bozena Bukowska and
Piotr Duchnowicz., 2022). This redox imbalance
significantly  disrupts  physiological homeostasis,
manifesting in ways that include hematological
alterations, the inhibition of endogenous antioxidant
defense mechanisms, and structural or functional
damage to subcellular organelles (Manimaran et al.,
2024). Due to their high metabolic activity and reliance
on oxidative phosphorylation, mitochondria are a
primary target for Benzo (a) pyrene induced toxicity. The
impairment of mitochondrial enzymes disrupts cellular
energy (ATP) production, enhances ROS formation, and
triggers apoptotic signaling pathways. Consequently, the
analysis of hematological parameters (such as red and
white blood cell counts and hemoglobin concentration),
in vivo antioxidant enzyme activity (notably superoxide
dismutase, catalase, and reduced glutathione), and
mitochondrial enzyme function provides critical insights
into the extent of systemic toxicity and cellular
vulnerability. The Benzo (a) pyrene acts as a potent
carcinogen and toxic agent, causing tumor induction and
severe weight reduction. Co-treatment with ICN-K04
and Isolongifolene demonstrates varying degrees of
protection and anti tumor efficacy has been reported
(Kalimuthu Tulasi Ramakrishnan et al., 2026).

Alongside toxicological assessments, modern
biomedical research is increasingly focused on
identifying protective or therapeutic candidates such as
novel pharmacological compounds or plant-derived
active substances, like ICN-K04 aimed at mitigating
cellular damage induced by xenobiotics. In these
experimental approaches, substances are typically
evaluated for their ability to scavenge free radicals,
restore depleted antioxidant reserves, preserve the
integrity of mitochondrial enzymes, and normalize
hematological parameters altered by toxic agents, such
as Benzo (a) pyrene.

Consequently, investigating the combined and
potentially protective effects of ICN-K04 in the presence
of Benzo (a) pyrene (with regard to hematological
parameters, in vivo antioxidant enzymes and
mitochondrial enzyme function) is of critical importance
for understanding the underlying mechanisms of
chemically induced toxicity and for exploring potential
pharmacological countermeasures.

MATERIALS AND METHODS
Determination of haematological parameters

Whole blood was collected in EDTA coated
tubes. Hematological parameters like Red Blood Cell
(RBC), Packed Cell Volume (PCV), White Blood Cell
(WBC), Haemoglobin (Hb), Mean Corpuscular Volume
(MCV), Mean Corpuscular Haemoglobin (MCH) were
estimated using an automated Hematological cell
Counter (CD 1700) CELL-DYN 1700 (Abbott
Diagnostics, Abbott Park, IL, USA)

In vivo enzymatic antioxidants:
Assay of Superoxide Dismutase (SOD)

Superoxide dismutase activity was measured by
the method of Kakkar et al. (1984). Reaction mixture
contained 0.1 mL of cytosolic fraction, 1.2 mL of sodium
pyrophosphate buffer, 0.1 mL PMS, 0.3 mL of 300 uM
NBT, 0.2 mL NADH. Reaction was started by addition
of NADH. The reaction was then stopped by the addition
of 0.1 mL TCA, stirred with 4.0 mL of n-butanol after
incubation at 30°C for 90 seconds. Then the mixture was
allowed to stand for 10 min, centrifuged (3000 xg, 10
min) and butanol layer was separated. Colour intensity
of the chromogen in the butanol layer was measured at
560 nm and SOD was expressed as units/mg protein.

Estimation of Catalase

Catalase activity was assayed as described by
Luck (1963).0.05 M phosphate buffer (2.5 mL), 0.019M
hydrogen peroxide (50 NI) and 20 NI of cytosolic
fraction forms the reaction mixture. Change in
absorbance was recorded at 240 nm. Enzyme activity
was expressed as Units/mg of protein.

Estimation of Glutathione peroxidase

Glutathione peroxidase (GPx) activity was
measured following Lawrence and Burk (1976).
Phosphate buffer (1.44 mL), EDTA (0.1 mL), sodium
azide (0.1 mL), glutathione reductase (GR) (0.05 mL),
glutathione (0.1 mL), NADPH 0.1 mL, hydrogen
peroxide (0.01 mL), and cytosolic fraction (0.1 mL)
forms the reaction mixture. The disappearance of
NADPH at 340 nm was recorded at room temperature.
The enzyme activity was calculated as units of NADPH
oxidized/mg of protein.

Estimation of Vitamin A

The level of Vitamin A was estimated as
described the method of Bayfield and Cole (1980).
Saponification agent was added equally to 1.0 mL of
tissue extract and incubated for 20 min at 60°C. After
attaining the room temperature, 20 mL of water and 10
mL of preheated (60°C) petroleum ether was added to the
reaction mixture to extract Vitamin A. Excess moisture
in the extract was removed by adding anhydrous sodium
sulphate. 1.0 mL of extract was aspirated and allowed to
dryness at 60°C and re-dissolved in 1.0 mL of
chloroform. Similarly, different concentrations of
standard vitamin A palmitate (0.10 pg) were dissolved in
1.0 mL of chloroform. Further, 2.0 mL of TCA reagent
was added to all the tubes and the absorbance was read
at 620 nm spectrophotometrically. The values are
expressed as pg/mg of protein. The entire experiment
was carried out in dark to avoid light interference.

Estimation of Vitamin C (Ascorbic acid)

The level of vitamin C was estimated by the
method of Omaye et al. (1979). About 0.5 ml of tissue
extract was added to 0.5 ml of H,O and 1.0 ml of TCA
to form the reaction mixture. The contents were mixed
well and centrifuged at 2000 g for 10 minutes. To 1.0ml
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of the supernatant, 0.2 ml of DNPH reagent was added
and incubated at 37°C for 3 hours. After incubation, 1.5
ml of ice cold sulphuric acid was added and the solution
was allowed to stand for 30 minutes at 37°C. The color
intensity was read at 520nm spectrophotometrically. A
graph was plotted using standard ascorbic acid to
determine the corresponding concentration of vitamin C
present in the tissue extract. The values are expressed as
ug/mg of protein.

Assay of Vitamin E (a-Tocopherol)

The content of vitamin E in all the experimental
animals was assayed by the method of Palan et al.
(1973). About 0.5 ml of tissue extract/ standard was
added to 1.5 ml of ethanol (100%) and centrifuged at
2000 x g for 10 minutes. The supernatant was aspirated
in to fresh tube and allowed to dry at 80°C for 3 hours.
To this tube, 0.2 ml of 2, 2 dipyridyl solution, 0.2 ml of
ferric chloride and 4.0 ml of butanol was added and
mixed vigorously. The color developed was measured at
520 nm against reagent blank. Graph was plotted using
a-tocopherol standard to determine the concentration of
a-tocopherol in the tissue extract and the values are
expressed as pug/mg of protein.

Mitochondrial Isolation

At the end of the experimental period, the
animals were killed by cervical decapitation. Lungs were
immediately excised, weighed and then used for the
isolation of mitochondria. The mitochondria were
isolated by the method of Mustafa et al. (1977); Johnson
and Lardy (1967). 10% homogenate was prepared in 0.25
M sucrose and centrifuged at 600g for 10 min. The
supernatant fraction was decanted and then again
centrifuged at 15000g for 10 min. The resultant
mitochondrial pellet was then washed and resuspended
in 0.25 M sucrose. The purity of the mitochondria were
estimated by assaying the activity of succinate
dehydrogenase (SDH) and used for further analyses.
Total protein of the lung mitochondrion was estimated
by the method of Lowry ef al. (1951).

Isocitrate dehydrogenase activity

The activity of isocitrate dehydrogenase was
estimated the protocol described earlier by King (1965).
To 0.1 mL of Tris-HCI, 0.2 mL of trisodium isocitrate,
0.3 mL of manganese chloride, 0.2 mL of mitochondrial
suspension and 0.2 mL of NADP+ were added. Instead
of mitochondrial suspension and 0.2 mL of water served
as control. After 60 min of incubation, 1 mL of DNPH
followed by 0.5 mL of EDTA was added and kept at 37
°C for 20 min. Ten ml of NaOH was added and read at
390 nm. A standard containing o-ketoglutarate was run
simultaneously. The isocitrate dehydrogenase activity
was expressed as Nmoles of a-ketoglutarate
liberated/min/mg of protein.

Estimation of o-Ketoglutarate dehydrogenase
(E.C.1.2.4.2)

The activity of a-Ketoglutarate dehydrogenase
was estimated the protocol by Reed and Mukherjee

(1969). To 0.15 mL of phosphate buffer, 0.1 mL of each
thiamine pyrophosphate, magnesium sulphate, a-
Ketoglutarate and potassium ferricyanide were added.
The total volume was made upto 1.2 mL with water
followed by 0.2 mL of mitochondrial suspension and
incubated at 30°C for 20 min. Then 1 mL of TCA was
added, centrifuged (5000 xg, 15 min, 4°C) and 0.2 mL
of mitochondrial suspension was added to the control
after the addition of TCA. To the supernatant, 0.1 mL of
potassium potassium ferricyanide, ImL of dupanol, then
incubated for 20 min at 25°C and measured at 540 nm. A
standard containing potassium ferrocyanide was run
simultaneously.

Succinate dehydrogenase (E.C.1.3.5.1)

The activity of succinate dehydrogenase was
estimated the protocol described earlier Slater and
Bonner (1952). The reaction mixture containing 1 mL of
phosphate buffer, 0.1 mL of EDTA, 0.1mL of BSA, 0.3
mL of sodium succinate, 0.2 mL of potassium
ferricyanide and 0. 1mL of potassium cyanide were added
made upto2.8 mL with water. The reaction was started
by the addition of 0.2 mL of mitochondrial suspension.
The change in absorbance was recorded at 15 sec
intervals for 5 min at 420 nm. The succinate
dehydrogenase activity was expressed as Nmoles of
succinate oxidized/min/mg of protein.

Estimation of Malate dehydrogenase (E.C.1.1.1.37)

The activity of Malate dehydrogenase was
estimated by Mehler et al., (1948). To 0.3 mL of buffer,
0.1 mL of NADH and 0.1mL of oxaloacetate were added
and the total volume was made upto 2.9 mL with water.
About 0.1 mL of mitochondrial suspension was added to
commence the reaction. The change in optical density
was measured at 340 nm in an interval of 15 sec for 5
min in a spectrophotometer. The enzyme activity was
expressed as n moles of NADH oxidized/min/mg
protein.

Statistical analysis

All data were expressed as Mean = Standard
Error Mean (SEM) of number of experiments. One-way
analysis of variance (ANOVA) using GraphPad PRISM
(Version-5.01, USA) was used to determine the
statistical significance and the individual comparison
were obtained by “Dunnett” comparisons. A value of
P<0.05was considered to indicate a significant
difference between the groups. Values not sharing
common superscript are significantly different with each
other at P< 0.05.

RESULTS

Hematological parameters

Full blood count has been shown to predict the
severity and mortality risk in cancer. The effect of ICN-
K04 on hematological parameters such RBC, WBC,
platelets were analyzed which was as given in Table 1.
The results show that Hb(g/dl) and WBC (X10"3/ul) cell
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count were significantly decreased in Group 2 when
compared to Group 1.

ICN-KO04 status in polymorphs, lymphocytes,
eosinophil, monocytes and PCV in the various
experimental groups (Table 6). Group 2, (i.e.) the
animals treated with B(a)P, showed a significant
(P<0.05) decrease in the cell counts when compared
with the Group 1 (control) animals. ICN-K04 caused a
significant increase in the counts of polymorphs,
lymphocytes, eosinophil, monocytes and PCV cells

compared with those for Group 2. As well as when
compared to Group 2, the cell counts were increased
significantly in all the treatment groups.

MCV, MCH, MCHC levels were decreased
considerably (P<0.05) in B(a)P treated Group 2 animals,
along with an increase (P<0.05) in the MCV, MCH,
MCHC level in rest of the groups when compared with
the values for the Group 2 (Benzo (a) pyrene) animals
and the significant values shown in Table 1.

Table.1. Effect of ICN-K04 on the hematological count in control and experimental animal

Haematological Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Parameters

HB 17.4+0.11 9.33+0.17? 16.8+£0.11° 10.13+0.14 16.2+0.23 ¢ 16.96+0.17 ™
PCV 55.98+0.26 41.12+0.282 55.79+0.30° 39.4+0.23 49.24+0.39°¢ 54+98+0.10™
RBC 9.69+0.05 6.83+£0.012 9.48+0.05° 6.95+0.02 8.69+0.01 © 9.43+0.01 s
WBC 14.13+0.01 7.85+0.012 14.61+0.09° 7.52+0.04 11.84+0.01°¢ 13.86+0.08
MCV 55.26+0.18 50.4240.14* 53.46+0.21° 49.41+0.09 52.44+0.02 ¢ 54.93+0.16
MCH 19.81+0.04 17.0£0.04 2 19.12+0.05" 16.65+0.10 19.234+0.09 ¢ 19.92+0.05
MCHC 33.73+0.14 30.124+0.18 2 32.82+0.08° 30.18+0.14 33.03+0.10°¢ 33.14+0.38 ™
Platelets 386.14+0.47 294.24+0.53 2 365.48+0.88" 300.36+0.01 359.28+0.11°¢ 361.35+0.17 ™
Polymorphs 0.69+0.08 0.32+0.012 0.65+0.01° 0.38+0.01 0.59+0.02 ¢ 0.67+0.05 "
Lymphocytes 89.26+0.04 37.40+0.202 83.37+0.29° 46.09+0.57 77.43+0.22 ¢ 83.49+0.10 "
Eosinophil 0.87+0.03 0.42+0.03 2 0.80+0.08° 0.47+0.01 0.78+0.08 © 0.83+0.051s
Monocytes 17.4+0.11 13.33+0.172 16.8+0.11° 14.13+0.14 16.20+0.23 ¢ 16.96+0.17 ™

Note: Each value is expressed as the Mean+ SEM for 8§ rats in each group. The values are statistically significant at
P<0.05 by ANOVA test. a B(a)p vs. control. b,c differs from B(a)p. ns-non significant vs. B(a)p+5-FU. Hemoglobin
(HB):g/dl; Packed cell volume (PCV) %; red blood cells (RBC) X1076/u white blood cell (WBC) X10"3/ul ; Mean
corpuscular volume (MCV) fI; Mean corpuscular hemoglobin (MCH) pg; Mean corpuscular hemoglobin concentration
(MCHC) g/dl; platelets X10°3/ul; Polymorphs, lymphocytes, eosinophil, monocytes %. The platelet count is significantly
decreased in benzo(a)pyrene induced groups when compared to control. There was a slight change in the platelet count of
all experimental groups as compared to control, platelet counts are significantly increased when compared to
benzo(a)pyrene induced groups as well in isolongifolene and ICN-K04 treated animals’ platelets are non-significantly
(P<0.05) increased when compared to 5-flurouracil treated animals (Table 1).

Effect of in vivo antioxidant enzymes

Effect of ICN-K04 and Benzo (a) pyrene on
tissue antioxidant enzyme levels (SOD, CAT and GPx
were shown in Table 2. The traits of these antioxidant
enzyme levels were significantly (P<0.05) decreased in
benzo (a) pyrene (Group 2) and chitosan nanoparticles
(Group 4) induced rat when compared to control (Group
1). Administration of 5-FU (Group 3), isolongifolene
(Group 5) and ICN-K04 (Group 6) after benzo (a) pyrene

treatment showed significant (P<(0.05) increase in
enzymatic antioxidants status as compared to
benzo(a)pyrene. No significant commutes were observed
in 5-FU and ICN-K04 treated SD rat. Similar results
were obtained in non-enzymatic antioxidant levels
(GSH, Vitamin A, Vitamin C and Vitamin E). However,
the activities of both enzymatic and non-enzymatic
antioxidants are not statistically different with 5-FU or
ICN-K04 treated rat.

Table.2. Effect of ICN-K04 on in vivo antioxidant enzymes.

Parameters SOD CAT GPx GSH Vit-A Vit C Vit E
Group 1 7.48+0.14 30.31+0.11 9.36+0.02 12.87+0.02 6.22+0.03 11.47+0.13 8.51+0.12
Group 2 4.244+0.08 @ 15.14+0.07 @ 4.11+0.02 2 6.49+0.12 2 2.56+0.112 6.22+0.09 2 2.46+0.13 2
Group 3 6.55+0.10 P 28.60+0.14 ® 8.51+0.07 ° 9.69+0.06 © 5.59+0.16°> 10.48+0.08 ® 7.29+0.07 ®
Group 4 5.46+0.11 22.62+0.13 5.19+0.05 8.49+0.04 4.26+0.06 8.23+0.06 5.63+0.15
Group 5 5.62+0.12 ¢ 23.25+0.20 © 5.19+£0.08 ¢ 8.51+0.07 © 4.39+0.08 © 8.48+0.12°¢ 5.67£0.16 ©
Group 6 6.40+0.05 1 28.27+0.19 1 8.35+£0.02 1 9.92+(0.22 s 5.444+0.1™  10.25+0.06 ™  7.23+0.05 "

Note: Each value is expressed as the Mean = SEM for 8 rats in each group. The values are statistically significant at
p<0.05 by ANOVA test. a B(a)P vs. control, b,c differs from B(a)p. ns non-significant vs. B(a)p+5-FU. Enzyme
activities are expressed as SOD: NBT Reduction/min/mg of protein; CAT-pmole of H,O» hydrolyzed/min/mg of protein;
Gpx- pg of glutathione oxidized/min/mg of protein; GSH-ug of GSH oxidized / mg of protein. Vit-A, C, E- pg/mg of
protein.
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Effect of Mitochondrial Enzymes

Table 3 displays the effect of ICN-K04 along
with B(a)P on the activities of mitochondrial enzymes
such as alpha-KGDH, IDH, SDH and MDH in the lung
of control and experimental animals. The activities of the
enzymes were found to be significantly (P<0.05)
decreased in B(a)P treated group (Group 2) animals
when compared with the control animals (Group 1). 5-
FU (Group 3) administration caused a significant

increase in the activities of the mitochondrial enzymes
when compared with Group 2 and Group 4.
Isolongifolene (Group 5) and ICN-K04 (Group 6) treated
animals showed a significant (P<0.05) increase in these
enzyme activities when compared with B(a)P
treatedgroup. However, there found to be no significant
difference in the activities of the mitochondrial enzymes
between the control animals and the animals treated with
ICN-KO04.

Table. 3. Effect of ICN-K04 on Mitochondrial enzymes

Mitochondrial Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
enzymes

ICDH 0.97+0.05 0.55+£0.03®  0.76£0.03°  0.52+0.02 0.72+£0.02 ¢ 0.84+0.08 ™
oKGDH 0.95+0.09 0.54+0.01*  0.74£0.01°>  0.43+0.01 0.75£0.01 ¢ 0.89+0.0 ™
SDH 8.14+0.03 5.60£0.10%  7.24£0.09°  4.98+0.02 6.88+0.15°¢  7.34+0.06 ™
MDH 7.10+£0.05 3.75£0.09*  6.69+0.07°  4.24+0.14 6.32+0.18 ¢ 7.03+0.08 "

Note: Each value is expressed as the Mean+=SEM for 8 rats in each group. The values are statistically significant at
P<0.05 by ANOVA test. a B(a)P vs. control. b,c differs from B(a)p. ns non-significant vs. B(a)P+5-FU. Mitochondrial
Enzyme activities are expressed as molar fractions/min/mg of proteins.

DISCUSSION

The principal tissue in human body is the blood
and whenever the toxic effect of chemicals is found it
shows abnormal modification in its parameters that leads
to diseased condition. In a number of human pathologic
conditions or after exposure to xenobiotic displaying
oxidative stress changes in RBCs level have been
detected. Erythrocytes are permanently in contact with
potentially damaging levels of oxygen, but their
metabolic activity is capable of reversing this injury
under normal conditions, which are equipped by many
defence systems representing their antioxidant capacity
(Kurata et al., 1993). Further, oxidative stress in red
blood cells is an indicator of overall oxidative stress
besides RBC-related disorders. Thus, the present study
investigates the potential protective and curative effect of
isolongifolene in erythrocyte oxidative damage in B(a)P
induced lung carcinogenesis.

In this study, lung cancer bearing animals
showed reduction in hemoglobin percentage and RBC
count, which is an indication of anemia. It may be
assumed that the free radicals resulting from B(a)P
metabolism caused liver injury and a proportion of these
free radicals were liberated from the liver into the blood
and may affect the membranes of circulating red cells.
The depression in RBC count and Hb content recorded
in the present work could be attributed to disturbed
hematopoiesis, destruction of erythrocytes, and
reduction in the rate of their formation or their enhanced
removal from circulation.

The reduction in the values of blood parameters
(RBC and Hb) may be attributed to the hyperactivity of
bone marrow, which leads to production of red blood
cells with impaired integrity that are easily destroyed in
the circulation. (Tung et al., 1975). Depletion of oxygen
to all organs (hypoxia) and tumor hypoxia are considered
as potential therapeutic problem. Continued hypoxia

condition may result in cellular changes leading to a
more aggressive tumor phenotype as reflected by
accelerated malignant progression, increased potential
for local invasiveness and tumor spreading (Hockel et
al., 2001).

B(a)P administration reduced the body weight
and increased lung weight and tumors, whereas ICN-K04
(Isolongifolene Chitosan Nanoparticles) treatment
effectively counteracted these changes (Kalimuthu
Tulasi Ramakrishnan et al., 2026). Isolongifolene might
have protected the tissue from hypoxia and reduced the
extent of tumorigenesis and this is indicated by the
restoration of Hb contents and RBC count in animals that
received isolongifolene after B(a)P. White blood cell
populations, lymphocytes and neutrophils play a crucial
role in the systemic inflammatory response, often
observed in cancer patients. The foremost indication of
the effect of carcinogenesis in the tissue is understood by
the rapid increase in WBC count and alterations in
differential count (lymophocytes, monocytes and
neutrophils). In the current study, the lung cancer bearing
animals showed elevated WBC count and neutrophil
count with reduced lymphocyte and monocyte count,
which was in line with the previous findings (Rahma et
al., 2012).

The observed results also coincide with the
results of Saeed et al., (2013) who attributed the increase
in the WBC count to antioxidant activity of vitamin E
and isolongifolene. Similarly, isolongifolene could
increase the WBC count, due to its role in free radical
scavenging. Lymphocytes play the key role in all
immune reactions and are always directed against the
specific foreign antigens (toxins). Lymphocytes were
significantly decreased in number in response to stressful
condition. Additionally, lymphocytes migrate to the site
of inflammations which may be resulted due to toxic
effect of B (a)P. We observed a significant difference in
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circulating WBC after isolongifolene treatment and no
significant difference was observed between control and
isolongifolene alone treated animals.

Free radicals and associated oxidative stress
induced by Benzo (a) Pyrene are implicated in eliciting
pathological changes in lung toxicity. Since ancient
times Terminalia arjuna bark (Arjuna chaal), an
indigenous plant used in ayurvedic and unani Medicine,
primarily as a cardiotonic as well as in other diseases
also.

Oxidative stress occurs in all the stages of the
progress of cancer with the genesis of other diseases.
Antioxidant defence enzymes consists of superoxide
dismutase (SOD), catalase (Cat), glutathione peroxidase
(GPx) and reduced glutathione (GSH), Vit A, Vit C and
Vit E these enzymes and vitamins defends and shields
the cellular macromolecules against oxidative damage by
detoxifying carcinogens both by destroying their reactive
centers or by conjugating with endogenous ligands
facilitating their excretion (Nafees et al., 2012). The
present study, has demonstrated Isolongifolene in
combination with chitosan exhibits prominent inhibitory
effects against several aspects of Benzo (a) Pyrene
induced lung toxicity. In the cancer scenario, the cells
becomes benefit of the capability of cellular proliferation
control as a result of this there is a loss of lipid
peroxidation in preneoplastic cellular membranes
(Nafees et al., 2013). Isolongifolene ameliorated Benzo
(a) Pyrene induced inhibition of the activities of
antioxidant enzymes, viz., glutathione peroxidase and
phase-II metabolising enzymes such as glutathione-S-
transferase.

B (a) P is a contaminant that occurs
ubiquitously in the environment together with other
polycyclic aromatic hydrocarbons as a product of
incomplete combustion or pyrolysis of organic materials
containing carbon and hydrogen. Main sources of B (a)
P and polycyclic aromatic hydrocarbons in the
environment are residential heating, industrial plants,
vehicle exhausts and cigarette smoke (Rahimi et al.,
2005). It was found by other researchers (Florence, 1995
and Murata et al., 1998) that polycyclic aromatic
hydrocarbons such as B (a)P, play a major role in lung
carcinogenesis. Enzymatic antioxidants such as SOD,
CAT and GPx synergistically scavenge reactive oxygen
species. Several reports have cited decreased activities of
SOD and CAT in various carcinogenic conditions
(Nijveldt ez al., 2001).

GPx is a well-known first line of defence
against oxidative stress, it catalyzes the transformation of
Hydrogen peroxide to harmless by products, thereby
curtailing the quantity of cellular destruction and several
studies have reported the decreased activities of GPx in
various cancerous conditions (Gagnon and Holdway,
2000). Antioxidant enzymes constitute a mutually
supportive team of defence against ROS. These enzymes

have been found to be decreased in B (a)P induced lung

cancer bearing experimental animals (Manimaran et al.,
2022).

In the present study it clearly emphasizes that
the combination of isolongifolene with chitosan has
exhibited increased or more or less equivalent levels of
all antioxidant enzymes and vitamins A, C, E as well as
vitamins when compared to the control. Simultaneously
when compared to the group administered with only B
(a)P has showed very significantly marked increased
levels of all antioxidant enzymes and vitamins A, C, E.
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