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ABSTRACT
Background: Cancer, a deadly disease seems to be a major 
concern for the global medical field. Controlling the spread of disease is 
not only a problem for under developed countries but also the developed 
countries face a lot of concern in diagnosing and treating cancer. 
Among various cancer types lung cancer mortality incidence seems to 
be a global threat. Surgery and Chemoradiation therapies are mostly 
prescribe for lung cancer patients which renders post treatment side 
effects. Hence, treating cancer with alternative medicine tends to be a 
choice at present. Materials and Methods: In this study, we induced 
lung cancer in healthy Swiss albino mice by treating with polycyclic 
aromatic hydrocarbon carcinogen benzo(a)pyrene. The treatment was 
carried out for a period of 18  weeks; both pre supplementation and 
post supplementation of prunetin was administered to the mice. 
Results: The changes in hematological and immunological parameters 
induced by prunetin in lung cancer induced mice were assessed. 
Oxidative stress in white blood cells which plays a key role in lung 
cancer induction was analyzed. The therapeutic of efficacy of prunetin 
was evaluated by estimating the levels of metabolizing enzymes in 
cancer induced mice. The anticancer effect of prunetin was assessed by 
estimating the tumor marker CEA and anti‑inflammatory markers. It was 
further confirmed with histopathological analysis of lung tissue. Our 
results had proven that prunetin significantly increased the white blood 
cell count, phagocytic, and activity index in lung cancer induced mice. 
It also decreased the levels of immunoglobulins and oxidative stress 
in white blood cells. Prunetin treatment decreased the levels of 
metabolizing enzymes, tumor marker CEA, and proinflammatory markers 
in cancer induced mice which proven the anticancer efficacy of prunetin. 
It was further confirmed with histopathological analysis of lung tissue. 
Conclusion: Over all our results authentically confirms prunetin is a 
potent anticancer drug to treat lung cancer.
Key words: Aryl hydrocarbon hydroxylase, Benzo (a) pyrene, 
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SUMMARY
•  Prunetin significantly increased the white blood cell count, phagocytic and 

activity index in lung cancer induced mice

•  Prunetin significantly scavenged the ROS, decreased immunoglobulin IgA 

and increased the IgG, IgM levels

•  Prunetin decreased the levels of metabolizing enzymes, tumor marker CEA 

and pro‑inflammatory markers in lung cancer induced mice

Abbreviations used: CEA‑carcinoembryonic antigen; SOD‑superoxide 

dismutase; CAT‑catalase; LPO‑lipid peroxidation; AHH‑ aryl hydrocarbon 

hydroxylase, LDH‑ lactate dehydrogenase, γ GTP‑ γ glutamyl transpeptidase, 

5’NT‑5’ nucleotidase
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INTRODUCTION
Cancer is the medical term which threatens not only the global 
population’s quality of life but also their socio-economic status. It tends 
to be the foremost cause of fatality in almost all the country around 
the globe.[1] In the wold wide, aged population’s leading cause of death 
is reported to be cancer.[2] Every year about 19.3 million new cases of 
cancer and 10 million cancer related deaths were estimated worldwide.[3]   
The lung cancer ranked to be the second most occurring type of cancer 
in females and males. The mortality rate in lung cancer patients were 
comparatively higher than the patients with colorectal, prostate, liver, or 
stomach cancer.[4]

Smoking tobacco is the prevalent cause for lung cancer and about 80–90% 
of lung cancer patients are smokers.[5] Secondhand smokers are also at 
high risk in lung cancer incidence which affects the younger population. 

Tobacco use causes 80% to 90% of all lung cancers. Secondhand 
tobacco smoke exposure is also a significant risk factor with younger 
age at exposure associated with higher risk of lung cancer.[6,7] Smoking 
tobacco liberates various cancer inducing metabolites; one among them 
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is benzo  (a) pyrene  (BaP), a major metabolite of tobacco smoke. BaP 
is a polycyclic aromatic hydrocarbon also released from automobile 
exhaust.[8] BaP metabolized into benzo (a) pyrene‐7,8‐diol‐9,10‐epoxide 
which forms adduct with DNA there by initiate cancer induction.[9,10]

The most common adverse effect caused due to chemotherapeutic 
treatment in lung cancer patients is leukopenia and neutropenia.[11] 
These clinical conditions were reported to cause increased mortality and 
morbidity in cancer patients.[12] Increased levels of immunoglobulins are 
reported in cancer patients. Immunoglobulins, which tend to carry out 
defense mechanism, act as tumor reactive antibodies which induces the 
cancer progression.[13] Hence, discovering a drug which renders nil side 
effect and possess targeted inhibitory action on the carcinogenic activity 
of BaP will be more effective in treating lung cancer patients.
Supplementation of phytoestrogens have been proven to render protective 
therapeutic effect in various epidemiological studies. Isoflavanoid 
phytoestrogen are reported to inhibit cell differentiation, angiogenesis 
in cancer condition and also regulates the platelet aggregation, wound 
healing process. Prunetin is one such O‑methylated isoflavone present 
in plants such as Pisum sativum, Trifolium pretense.[14] It possess various 
pharmacological properties anti‑obesity, anti‑inflammatory, inhibits 
liver aldehyde dehydrogenase, and also regulates the proteolytic activity 
in articular chondrocytes.[15‑17] The anticancer potency of prunetin 
was not well established. Hence, in the present study, we assessed the 
anticancer effect of prunetin on BaP‑induced lung cancer mice model 
through averting oxidative stress and inflammatory responses.

MATERIALS AND METHODS

Chemicals
HPLC grade  Benzo[a] pyrene and TLC grade  Prunetin used for the 
treatment of mice were procured from Sigma Aldrich, USA. Chemicals 
used for experiments such as nitro blue tetrazolium, sucrose and reagents 
such as hank’s solution, leishman’s stain, haematoxylin and eosin stain, 
and all the other chemicals utilized for the present study was purchased 
were of high quality grade (Himedia, USA).

Experimental animals
Young healthy male Swiss albino mice weighing about 25–30mg were 
acclimatized in a laboratory condition maintained at temperature of 
22–24°C with a relative humidity of 50–60% for a period of 10 days. The 
mice were housed in hygienic propylene cage bedded with paddy husk. 
The bedding was changed daily, and the cage was changed thrice a week. 
Standard laboratory pellet diet and clean water was given ad libidum for 
the mice. The mice were taken care with utmost concern.

Experimental design
After the acclimatization period, the mice were grouped into 4 each 
group consisting of 6 mice. Group I are control group where the mice 
were treated with corn oil for 18 weeks through oral gavage. Group II 
are lung cancer induced mice treated with 50mg/kg bwt of B[a] 
P  through oral gavage for 4  week from the 2nd  week to 6th  week. The 
B[a] P was administered twice a week. Group  III mice are prunetin 
post supplemented mice which were treated with B[a] P as per group II 
treatment protocol and then supplement with 30mg/kg bwt prunetin 
from 12th week to 18th week. Group IV are prunetin pre supplemented 
mice which were treated with 30mg/kg bwt prunetin for whole treatment 
period of 18 weeks and also treated with B[a] P as per group II treatment 
protocol. Both B[a] P  and purnetin were dissolved in corn oil and 
administered through oral gavage. The mice were monitored throughout 
the treatment period and were finally euthanized by cervical dislocation. 
Blood samples and tissue samples were collected for further analysis.

Quantification of hematological parameters
The blood samples of lung cancer induced and prunetin treated mice 
were collected in EDTA coated tubes to separate the plasma samples. 
The buffy coat was removed gently by rinsing the packed cells with 
saline solution. Using repetitive pipetting technique, the hemolysis was 
performed and the red blood cells were collected in propylene tubes. 
The red blood cells were then centrifuged at 20,000 g at 4°C for 20 min, 
and the supernatant which is the haemolysate was collected for further 
investigation. Leishman staining was performed in blood smears to 
access the differential count of white blood cells.

Evaluation of phagocytic and activity index
The phagocytic and activity index were performed using the method 
of Wilkinson, 1977,[18] to evaluate the immunological and humoral 
changes in lung cancer induced and prunetin treated mice. About 
200µl of normal serum and leukocyte suspension was mixed with 
Hank’s solution and incubated for 15 min at 37°C. The suspension 
was then centrifuged for 10 min at 2000 rpm and the sediment was 
collected. A  smear was prepared with the collected sediment and 
stained using Leishman’s stain. The stained smears were viewed 
under light microscope to view the phagocytic cell and to calculate 
the phagocytic and activity index.

Evaluation of respiratory burst
The respiratory burst in the neutrophils of lung cancer induced 
mice and prunetin treated lung cancer induced mice were assessed 
using the nitro blue tetrazolium reduction test.[19] About 500µl of 
uncoagulated blood sample was incubated at 37°C for 30  min and 
the neutrophils were collected after incubation. The collected 
neutrophils were mixed with 100µl of nitroblue tetrazolium solution, 
0.35% of sucrose solution and serum. The suspension was smeared 
on the glass slide to form a thin layer using a clean cover slip. The 
layer was incubated at 37°C for 30 min and then the cover slip was 
removed and the layer was air dried. The slide was further fixed with 
methanol for 180 sec and then rinsed with distilled water. The rinsed 
slide was dried and then stained with safranin for a period of 10 min. 
The safranin‑stained slide was viewed and examined for formazin 
positive cells under light microscope.

Evaluation of inflammation
The inflammatory response in lung cancer induced mice and 
prunetin treated lung cancer induced mice were assessed using the 
soluble immune complex test.[20] Serum sample was collected from 
coagulated blood centrifuged at 1500  rpm for 25  min at 4°C. The 
serum was further diluted with buffer solution in ratio of 1:3. The 
diluted samples were separated into two portions to the first portion 
2 ml of buffer solution which acts as control. The second portion was 
mixed with 2 ml of PEG solution and the samples were incubated at 
37°C for 30  min. After incubation period the OD value of samples 
were measured at 450  nm using the ELISA microplate reader. The 
PEG index was calculated using the formula
PEG index = (OD of PEG solution – OD of PBS solution) ×1000

Quantification of serum immunoglobulins
The level of immunoglobulins in serum of lung cancer induced mice 
and prunetin treated lung cancer induced mice were assessed using 
commercially available ELSIA kit (Abcam, USA). The levels of IgG, IgA, 
and IgM were quantified using the protocol of manufacturer provided in 
the kit. The experiment was performed in triplicates ant the absorbance 
was measured at 450 nm using ELISA microplate reader.
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Quantification of oxidative stress in leukocytes
The lung lavage was collected from lung cancer induced mice and 
prunetin treated lung cancer induced mice using saline solution. The 
leukocyte count in lavage fluid was counted using counting chamber. 
The levels of SOD, CAT, and LPO in lymphocytes, polymorphonuclear 
cells and macrophages were measured according to the protocol of Hu 
et al.[21]

Estimation of metabolizing enzymes
The drug efficacy of prunetin on lung cancer induced mice was assessed 
by estimating the levels of metabolizing enzymes aryl hydrocarbon 
hydroxylase, lactate dehydrogenase, γ glutamyl transpeptidase, and 
5’ nucleotidase. The lung homogenates of control and experimental 
mice were prepared with phosphate buffered saline. The homogenate 
was subjected to centrifugation at 7500  rpm for 20  min at 4°C. The 
supernatant was collected subjected to protein estimation using 
Bradford reagent. The levels of aryl hydrocarbon hydroxylase were 
estimated according to the protocol of Mildred  (1981),[22] lactate 
dehydrogenase protocol of King  (1965),[23] γ glutamyl transpeptidase 
protocol of Orlowski et  al.  (1965),[24] and 5’ nucleotidase protocol of 
Hardonk (1968).[25]

Estimation of tumor markers
The tumor marker carcinoembryonic antigen was measured in the serum 
of lung cancer induced mice and prunetin treated lung cancer induced 
mice. The CEA levels were estimated using the commercially available 
ELISA kit procured from BioVision, MA, USA. The test was performed 
according to the protocol of manufacturers and the absorbance was 
measured at 450 nm.

Estimation of pro‑inflammatory cytokines
The levels of pro‑inflammatory cytokines TNFα, IL‑6, and IL‑β 
were quantified from the lung tissue homogenate of lung cancer 
induced mice and prunetin treated lung cancer induced mice. The 
homogenate was subjected to centrifugation at 7500 rpm for 10 min 
at 4°C and the supernatant collected was utilized for further analysis. 
The test was performed using commercially available ELISA kit 
procured from Abcam, USA. The test was performed according to 
the protocol of manufacturers, and the absorbance was measured at 
450 nm.

Histopathological analysis
The lung tissue collected from the lung cancer induced mice and 
prunetin treated lung cancer induced mice were fixed with 10% formalin. 
The fixed lung tissues were subjected to tissue processing protocol 
with successive xylene and ethanol treatment. The processed tissue 
was then prepared as blocks with paraffin wax. The tissue blocks were 
then subjected to sectioning of 5 micron thickness using microtome. 
The sectioned tissue was deparaffinized  by placing on to hot water 
bath and then fixed on to an albumin coated glass slide. The sections 
were then stained with hematoxylin and eosin stains. The stained lung 
tissue smears were viewed under light microscope for histopathological 
changes.

Statistical analysis
All the experiments were performed in triplicates and the data were 
analyzed using statistical software SPSS 17.0. The results were subjected 
to One Way ANOVA analysis followed by the post hoc test Student’s 
Newman Keul test. The statistical significance was considered to be 
P < 0.05.

RESULTS

Protective role of prunetin on leukocytes in lung 
cancer induced mice
Figure 1 depicts the results of leukocyte, lymphocyte, and neutrophils 
in the lung cancer induced and prunetin treated lung cancer induced 
mice. The level of leukocytes was drastically decreased in the lung 
cancer induced mice whereas both prunetin pre and post treatment in 
lung cancer induced mice increased the levels of leukocytes. Significant 
decrease in lymphocytes and neutrophils were observed in lung cancer 
induced mice. The treatment with prunetin significantly increased the 
count of both lymphocytes and neutrophils in the lung cancer induced 
mice.

Immunomodulatory effect of prunetin in lung 
cancer induced mice
Figure 2 illustrates the phagocytic and activity index of prunetin in lung 
cancer induced mice. The phagocytic and activity index were significantly 
decreased in the lung cancer induced mice whereas prunetin treatment 
significantly increased both the phagocytic and activity index in lung 
cancer induced mice. The respiratory burst in the neutrophils of lung 
cancer induced and prunetin treated lung cancer induced mice were 
assess with NBT reduction test and the results were depicted in Figure 2. 
Prunetin treatment significantly increased the NBT reduction in lung 
cancer induced mice compared to untreated cancer induced mice. 
Prunetin treatment decreased the levels of soluble immunoglobulin 
complex in lung cancer induced mice which is an indicator of inhibition 
of inflammatory process.

Protective role of prunetin on Immunoglobulins in 
lung cancer induced mice
Figure  3 represents the levels of immunoglobulins IgG, IgA, and IgM 
in lung cancer induced untreated and prunetin treated lung cancer 
induced mice. The levels of IgG and IgM were significantly decreased 

Figure  1: Effect of prunetin on the leukocytes level in the lung 
cancer‑induced mice. The levels of leukocyte, lymphocyte, and 
neutrophils. The experiment was performed in triplicates. Data were 
analyzed with One Way ANOVA and Student’s newman Keul’s post host 
test and values are illustrated as mean ± SD of triplicates. ‘#’ is significant 
at P < 0.01 from control and ‘*’ is significant at P < 0.05 from B (a) P‑induced 
group. Group I: Control mice; Group II: B (a) P‑induced lung cancer mice; 
Group  III: B  (a) P‑induced  +  30mg/kg of prunetin post‑treated from 
12th week; Group  IV: B (a) P‑induced +30mg/kg of prunetin treated for 
18 weeks
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in lung cancer induced untreated mice compared to the control group 
whereas prunetin treatment significantly increased the levels of both 
IgG and IgM in lung cancer induced mice. The increase in IgG and IgM 
levels were observed in both pre and post prunetin supplemented mice. 
IgA levels were significantly increased in lung cancer induced untreated 
mice compared to the control group. Prunetin treatment significantly 
decreased the levels of IgA in lung cancer induced mice compared to the 
lung cancer induced untreated mice.

Antioxidant role of prunetin on leukocytes in lung 
cancer induced mice
Oxidative stress in leukocytes plays a key role in cancer cell 
progression and invasion hence we estimated the levels of antioxidants 
superoxide dismutase, catalase and the oxidative stress marker 
lipid peroxidation in leukocytes and the results were illustrated in 
Figure  4. The levels of SOD and CAT were significantly decreased 
in lymphocytes, polymorphonuclear cells, and macrophages in lung 
cancer induced untreated mice. Whereas the prunetin treatment 
significantly increased the levels of both SOD and CAT in lung 
cancer induced mice compared to the untreated mice. Compared to 
polymorphonuclear cells and macrophages, the lymphocytes depicted 
low level of lipid peroxidation in lung cancer induced mice. Prunetin 
treated lung cancer induced mice shown significant decreased levels 
of lipid peroxidation in all the leukocytes compared to the lung cancer 
induced untreated mice.

Drug efficacy of prunetin in lung cancer induced 
mice
Figure  5 shows the level of metabolizing enzyme aryl hydrocarbon 
hydroxylase  (AHH), lactate dehydrogenase  (LDH), γ glutamyl 
transpeptidase  (γ GTP) and 5’ nucleotidase  (5’NT) which are the 
potential targets for a drug design. The levels of metabolizing 
enzymes AHH, LDH, γ GTP, and 5’NT were significantly increased 
in lung cancer induced untreated mice compared to the control 
mice. Prunetin treatment significantly decreased the levels of all 
the four enzymes in lung cancer induced mice. Compare to post 
treatment prunetin supplemented mice, the pretreatment prunetin 
supplemented mice showed  significant decrease in the levels of 
metabolizing enzymes.

Anticancer role of prunetin in lung cancer induce 
mice
Figure 6a depicts the results of tumor marker carcinoembryonic antigen 
in the lung cancer induced untreated and prunetin mice. The levels of 
CEA were significantly increased in lung cancer induced untreated mice 
compared to the control mice. Prunetin pretreatment in lung cancer 
induced mice shown significant decrease in the levels of CEA compared 
to lung cancer induced mice.  The levels of inflammatory markers 
TNF‑α, IL‑6, and IL‑1β were measured in lung cancer induced untreated 
and prunetin treated mice and the results were illustrated in Figure 5b. 
Compared to IL‑6 the levels of TNF‑α and IL‑1β were significantly 
increased in lung cancer induced untreated mice. TNF‑α, IL‑6, and 
IL‑1β were significantly decreased in prunetin pre supplemented lung 
cancer induced mice compared to the lung cancer induced untreated and 
prunetin pretreated mice.

Ameliorative role of prunetin on lung histology in 
lung cancer induced mice
Figure  7 illustrates the lung tissue histology of control, lung cancer 
induce, and prunetin post and pretreated lung cancer induced mice. 
Control mice lung histology shows normal alveoli with thin walls and 
the interalveolar septa appeared to be thin with increased air space 
whereas the lung cancer induced mice shows thickened alveolar walls 
with decreased air space. Prunetin supplementation has restore the 
alveolar wall thickness and increased the air space in lung tissue.

DISCUSSION
Approximately in the year 2020, about 10 million deaths globally were 
reported due to cancer. Breast, lung, colon, and prostate cancer are the 
most common type of cancer detected in the population worldwide. 
One‑third cancer mortality occurs due to tobacco usage, high body mass 
index, alcohol consumption, and absence of physical activity.[26] Among 
all the cancer types, lung cancer is the most deadly type of cancer which 
immensely consumes the global health care funds. The mortality rate 
of lung cancer is twice higher than breast cancer in women and thrice 

Figure  3: Effect of prunetin on the Immunoglobulins in the lung 
cancer‑induced mice. The levels of serum immunoglobulins IgG, IgA 
and IgM of control and experimental mice. The levels were estimated 
using commercially available ELISA kit. The experiment were performed 
in triplicates. Data were analyzed with One Way ANOVA and Student’s 
newman Keul’s post host test and values are illustrated as mean  ±  SD 
of triplicates. ‘#’ is significant at P < 0.01 from control and ‘*’ is significant 
at P < 0.05 from B  (a) P‑induced group. Group  I: Control mice; Group  II: 
B (a) P‑induced lung cancer mice; Group III: B (a) P‑induced + 30mg/kg of 
prunetin post‑treated from 12th week; Group IV: B (a) P‑induced + 30mg/
kg of prunetin treated for 18 weeks

Figure  2: Effect of prunetin on the phagocytic and avidity, index, NBT 
reduction, and SIC in the lung cancer‑induced mice. The experiment 
was performed in triplicates. Data were analyzed with One Way ANOVA 
and Student’s newman Keul’s post host test and values are illustrated 
as mean  ±  SD of triplicates. ‘#’ is significant at P  <  0.01 from control 
and ‘*’ is significant at P  <  0.05 from B  (a) P‑induced group. Group  I: 
Control mice; Group II: B (a) P‑induced lung cancer mice; Group III: B (a) 
P‑induced + 30mg/kg of prunetin post‑treated from 12th week; Group IV: 
B (a) P‑induced + 30mg/kg of prunetin treated for 18 weeks
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higher than prostate cancer. It accounts about 32% of cancer mortality 
in males and 20% in females.[27] Cancer occurs due to DNA damage 
and epigenetic changes which in turn disrupts the cell functions such as 
proliferation, apoptosis, and repair mechanism of DNA.[28] Smoking is 
the prior cause of lung cancer; 80% of lung cancer patients are reported 
to be cigarette smokers. The incidence rate of lung cancer is considerably 
high in passive smokers.[29] The smoke of cigarette consists of numerous 
carcinogens one of the most active carcinogen is benzo (a) pyrene.[30,31]

In this study, we induced lung cancer in mice by administering benzo (a) 
pyrene because it affects the initiation, invasion, and progression of a 
cancer cell.[32,33] BaP is a both genotoxic and a non‑genotoxic carcinogen 
which alters the targeted cells genetic materials and also disrupts receptor 

activation, cell‑cell communication, etc.[34,35] Induction of lung cancer 
with BaP is well accepted in animal models and the dosage administered 
is equivalent to the human smoker life time exposure to BaP.[36] 
Leukopenia is a clinical condition which occurs due to the massive 
reduction of white blood cells in circulation. Leukopenia occurs during 
various conditions such as infection, consumption of drugs, cancer, 
hypersplenism, etc.[37] BaP, carcinogen induces  immunosuppression 
in experimental animal models and also causes inflammation.[38] 
Previous studies have reported BaP significantly decreased the levels of 
leukocytes.[21] Currently available chemotherapeutic drugs to treat cancer 
also reported to cause leukopenia especially neutropenia upon long term 
usage. Therefore, in this study, we analyzed the immunomodulatory 
effect of prunetin treatment on lung cancer induced mice. Prunetin 
significantly increased the levels of neutrophils and lymphocytes which 
proves the immunomodulatory effect of prunetin on cancer induced 
mice.
Neutrophils plays a crucial role in phagocytic function, the disrupted 
phagocytic function of neutrophils leads to chronic inflammation or 
lung tissue damage.[39] Therefore, we assessed the role of prunetin on 
phagocytic and activity index in lung cancer induced mice. Prunetin 
significantly increased the levels of both phagocytic and activity index of 
neutrophils. The phagocytic ability of neutrophils was further confirmed 
with NBT reduction test; prunetin increased the levels of NBT reduction 
confirming the phagocytic potency of neutrophils.
Tumor induced immunoglobulin differs in the function of B lymphocytes 
produced immunoglobulin. They induce the tumor cell proliferation, 
metastasis, and immune escape.[40] Tumor derived immunoglobulin are 
mostly detected in epithelial cancer cells such as breast, colon, cervical, 
lung, liver, prostate cancer, etc.[13] It also detected the secretion of cultured 
cancer cells.[ 41] In our study, the levels of soluble immunocomplex was 
significantly increased in BaP treatment whereas the treatment with 
prunetin decreased the level of immunocomplex. Prunetin treatment 
significantly increased the levels of IgG and IgM in lung cancer induced 
mice whereas the levels of IgA level were decreased. The decrease in 
IgG and IgM in lung cancer induced mice may be due to the humoral 
immunosuppression which was observed in cancer patients.[42]

Figure  4: Effect of prunetin on the LPO and antioxidants in the leukocytes of lung cancer‑induced mice. The levels of Superoxide dismutase  (SOD), 
catalase  (CAT) and lipid peroxidation  (LPO) in a) Lymphocytes, b) Polymorphonuclear cells and c) Macrophages of control and experimental mice. The 
experiment were performed in triplicates. Data were analyzed with One Way ANOVA and Student’s newman Keul’s post host test and values are illustrated 
as mean ± SD of triplicates. ‘#’ is significant at P < 0.01 from control and ‘*’ is significant at P < 0.05 from B (a) P‑induced group. Group I: Control mice; Group II: 
B (a) P‑induced lung cancer mice; Group III: B (a) P‑induced + 30mg/kg of prunetin post‑treated from 12th week; Group IV: B (a) P‑induced + 30mg/kg of 
prunetin treated for 18 weeks

Figure  5: Effect of prunetin on the metabolizing enzyme activity in 
the lung cancer‑induced mice. The levels of metabolizing enzymes 
aryl hydrocarbon hydroxylase, lactate dehydrogenase, γ glutamyl 
transpeptidase and 5’ nucleotidase in lung homogenates of control 
and experimental mice. The experiment were performed in triplicates. 
Data were analyzed with One Way ANOVA and Student’s newman Keul’s 
post host test and values are illustrated as mean ± SD of triplicates. ‘#’ is 
significant at P < 0.01 from control and ‘*’ is significant at P < 0.05 from 
B (a) P‑induced group. Group I: Control mice; Group II: B (a) P‑induced lung 
cancer mice; Group III: B (a) P‑induced + 30mg/kg of prunetin post‑treated 
from 12th week; Group IV: B (a) P‑induced + 30mg/kg of prunetin treated 
for 18 weeks
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Oxidative stress is a key factor in cancer initiation and metastasi; the 
increased levels of reactive oxygen species increases the metabolic 
activity of cells and thereby disrupts the mitochondrial function and 
facilitates the uncontrolled proliferation of cancer cells.[43] The altered 
cell signaling and damages to DNA was reported in various cancer 
such as breast, lung, colon, liver etc.[44] Therefore, we evaluated the role 
of prunetin on scavenging oxidative stress in leukocytes of lung cancer 
induced mice. Prunetin treatment significantly increased the levels of 
antioxidant enzymes SOD and CAT in leukocytes thereby subsequently 
decreased the levels of lipid peroxidation.
Metabolizing enzyme plays a crucial part in designing a potent 
anticancer drug; hence, we analyzed the effect of prunetin 
of metabolizing enzyme γ‑Glutamyl transpeptidase, lactate 
dehydrogenase, aryl hydrocarbon hydroxylase, and 5’ nucleotidase. 
γ‑Glutamyl transpeptidase involved in glutathione antioxidant 
metabolism,[45] and LDH converts pyruvate to lactate at glycolysis 

process.[46] Both γ GTT and LDH are potential target for anticancer 
drug development and has been focused by various researchers. In 
our study, prunetin significantly decreased the levels of both γ GTT 
and LDH in lung cancer induced mice. Aryl hydrocarbon hydroxylase 
which is determined to genetic susceptibility to lung cancer.[47] was 
significantly decreased with prunetin treatment in lung cancer 
induced. Prunetin also decreased the levels of 5’ nucleotidase which 
involved in multidrug resistance.[48,49]

Inflammation triggers the conversion of normal cell to malignant 
cell, proliferation malignant cells, and metastases of cancer cells. It 
enriches the tumor neovascularization, inhibits apoptosis and inhibits 
the immune response.[50] In the present study, prunetin treatment 
significantly decreased the levels of pro inflammatory cytokines TNF‑α, 
IL‑6, and IL‑1β in lung cancer induced mice and also decreased the level 
of carcinogenic embryonic antigen the prominent marker for tumor 
induction. This proves the anti‑inflammatory and anticancer property of 
prunetin against BaP induced lung cancer mice. 

CONCLUSION
In conclusion, prunetin effectively increased the phagocytic and avidity 
index in lung cancer‑induced mice. Prunetin significantly scavenged 
the ROS, decreased immunoglobulin IgA, and increased the IgG and 
IgM levels. It also decreased the levels of metabolizing enzymes, tumor 
marker CEA, and pro‑inflammatory markers in lung cancer‑induced 
mice. Our histopathological analysis authentically confirms the 
therapeutic effect of prunetin on lung tissue of cancer‑induced mice. 
Overall, our results confirm that prunetin is a potent anticancer 
drug which possess immunomodulatory, anti‑inflammatory, and 
antioxidant properties. Hence, further studies in the future could lead 
to the development of prunetin as a promising anticancer candidate to 
treat the lung cancer.
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