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Abstract Background: The cigarette smoking epidemic is one of the desperate threats experienced

all over the world. Cigarettes cause diseases such as chronic obstructive pulmonary disease (COPD),

asthma, lung cancer, stroke, heart diseases, etc. Paclobutrazol is a growth regulator hormone that

increases antioxidant enzymes, mineral absorption, carbohydrate synthesis, and flowering and fruit

production in plants.

Objective: In the current study, we assessed the ameliorative effect of paclobutrazol against

chronic cigarette smoke-induced COPD in rats.

Methodology: A side-stream cigarette exposure rat model was used for the study, which is a well-

accepted model to evaluate cigarette smoke-induced lung damage. The paclobutrazol treatment was

given for 12 weeks, and since the reduction in body weight is the primary symptom of COPD, the

food efficiency and the weight gain were measured. Muscular strength was analyzed with a grip

strength test, and respiratory functions were assessed with a whole-body plethysmograph. Plasma

leptin was measured to detect the fat mass index. C-reactive protein was quantified to assess the

level of inflammation. Further bronchoaleveolar fluid was collected and analyzed for the total white

blood cell count, neutrophils, lymphocytes, and monocytes to evaluate the inflammation. In order

to confirm the anti-inflammatory property of paclobutrazol against cigarette smoke-induced lung

inflammation, histopathological analysis of lung tissue was done.
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Results: The paclobutrazol treatment increased the body weight, improved respiratory func-

tions, and decreased inflammation in the rats exposed to secondhand cigarette smoke. Our results

of histopathological analysis confirm that paclobutrazol has effectively inhibited cigarette smoke-

induced lung tissue damage in young Wistrar rats.

Conclusion: Hence, it can be used as a supplementary drug to protect smokers from cigarette

smoke-induced lung damage.

� 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cigarette smoking is one of the foremost reasons of global preventable

mortalities. Every year, more than 7 million mortalities were recorded

due to the usage of cigarettes (Hersi et al., 2019; Reid et al., 2016). 80%

of the global smoker’s population belongs to the underdeveloped

nations (Global burden of diseases, 2021). Worldwide, one in seven

adults is addicted to cigarette smoking (Peacock et al., 2018). Smoking

not only affects the cigarette smokers but also has a great impact on

the health of secondhand smokers. Smoking is a triggering factor for

diseases like respiratory illness, cancer, cardiovascular diseases, stroke,

osteoporosis, and neonatal deaths (Hersi et al., 2019; WHO, 2017;

Mons et al., 2015; Fischer and Kraemer (2015)).

Triazole compounds are boon for plants which protects them from

various stress via inducing antioxidant enzyme synthesis (Jaleel et al.,

2007). One such azole compound is paclobutrazol. Paclobutrazol

[(2RS, 3RS)-1-(4-chlorophenyl)-4,4-dimethyl-2-(1H-1, 2, 4-trizol-1-

yl)-pentan-3-ol] (Fig. 1) is a growth regulator which increases the levels

of antioxidant enzymes in plants species like Sesamum indicum

(Somasundaram et al., 2009), Arachis hypogaea (Sankar et al., 2007),

Vigna unguiculata (Manivannan et al., 2007; Srivastava et al., 2010).

It reduced lipid peroxidation in Curcuma alismatifolia (Jungklang

and Saengnil 2012). Paclobutrazol also increases the levels of non enzy-

matic antioxidants such as a-tocopherol, ascorbic acid in stress

induced plants (Manivannan et al., 2007; Soumya et al., 2017). The

antioxidant property of paclobutrazol was well established in plants

whereas the beneficiary effect of paclobutrazol in animals was not

yet studied. The protective effect of paclobutrazol against the cigarette

exposed lung inflammation was analyzed.

Chronic obstructive pulmonary disease, which exemplifies the

pathology of airway obstruction due to the infiltration of macrophages

and neutrophils, is reported in most cigarette smokers. The toxic chem-

icals in cigarettes enhance the infiltration of immune cells into the

lungs, thereby leading to lung inflammation (Zhang et al. (2020);

Celli et al. (2022)). Cigarette smoke induces inflammation of the air-

ways, which leads to obstruction of air flow in COPD patients

(Rosenwasser et al., 2022). Apart from pulmonary pathology, COPD

patients exhibit other systemic manifestations like reduced body

weight, malnutrition, cachexia, and skeletal muscle wasting (De

Brandt et al. (2022); Taivassalo and Hepple, 2022). The animals

exposed to cigarette smoke exhibited the same pathological symptoms

observed in COPD patients (Fricker et al. (2014); Diaz Del Valle et al.

(2022); Tomoda et al., 2012). Hence, in the present study, we used a
f the paclobutrazol.
side-stream cigarette-exposed rat model to analyze the ameliorative

effect of paclobutrazol against cigarette smoke-induced COPD in rats.

2. Materials & methods

2.1. Chemicals

Paclobutrazol, dexamethasone, and other chemicals were pro-
cured from Sigma Aldrich, USA. The assay kits for biochem-

ical assays were obtained from CyrstalChem, USA.

2.2. Experimental animals

Healthy male Wistar rats, aged five weeks and weighing about
115–125 g, were used for the current study. The procedures
were explained in detail before the ethical committee, and

the same was followed in the present study. The rats were
housed in hygienic laboratory conditions maintained at
25 ± 2 �C, 55% relative humidity, and a 12 h light/dark cycle
that was strictly maintained. Polycarbonate cages were used to

house the rats, and rice husks were used for bedding. The bed-
ding was changed daily and every two days once the cages were
changed. The rats were fed ad libidum with a standard labora-

tory rat pellet diet and reverse osmosis water. The rats were
acclimatized for a week in laboratory condition before the ini-
tiation of the experiment. The rats were treated with the

utmost care and concern; all the experiments were done
according to the guidelines of the animal ethical committee
(14–2021), Xi’an Medical University, Xi’an City, Shaanxi Pro-

vince, China.

2.3. Experimental design

The acclimatized rats were randomly divided into five groups,

each consisting of 10 rats. Group I are control group rats,
which are untreated; Group II are positive control rats
exposed to side stream cigarette smoke alone; Group III rats

exposed to side stream cigarette smoke were simultaneously
treated with 10 mg/kg bodyweight (b.wt) of paclobutrazol;
Group IV rats exposed to side stream cigarette smoke were

simultaneously treated with 20 mg/kg b.wt of paclobutrazol;
and Group V rats exposed to side stream cigarette smoke were
simultaneously treated with 2 mg/kg b.wt of standard anti-

inflammatory drug dexamethasone. The treatment was con-
ducted for 12 weeks duration.

2.4. Cigarette exposure

Side-stream cigarette smoke was exposed to rats using the
whole-body smoke exposure chamber. Twice a day, every

http://creativecommons.org/licenses/by-nc-nd/4.0/
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morning at 9o’clock and evening at 3o’clock, the rats were
exposed to cigarette smoke. The rats were exposed to cigarette
smoke for 3 h, with 10 min intervals. About 8–10 cigarettes

were exposed to the rats each day, and the same brand of
cigarettes, Scissors, was used throughout the experiment.
Smoke-free air was exposed to control rats for the same dura-

tion twice a day (Anbarasi et al. (2005)).

2.5. Measurement of body weight gain

The body weight and the food intake of rats were measured
daily throughout the treatment period. On the day 21 and 77
the 1 h food intake after the treatment was measured. The food

efficiency of rats were calculated using the below formula.

Food efficiency ¼ Cumulative body weight = Total food intake
2.6. Assessment of grip strength

The grip strength of the rats was measured using the instru-
ment Bioseb’s Grip strength (BIO-GS3). The instrument was
positioned horizontally on the table and the rats were posi-
tioned on to it by holding the tail. The rats were allowed to

grab the metal rod and then pulled backwards in the horizon-
tal plane. The force applied by the rats towards the grids just
before the rats lose its grip was recorded. The experiment

was conducted on the last day of treatment before injecting
drug.

2.7. Evaluation of respiratory functions

On the last day of treatment before the paclobutrazol injec-
tion, the rats were subjected to respiratory functional analysis.

When the rat was awake, the tidal volume and the peak expi-
ratory flow rate of rats were analyzed using the whole-body
plethysmograph with a respiratory function analysis system
(Buxco Electronics, USA). The rats were anesthetized to

record the functional residual capacity and forced expiratory
volume at 100 ms with a forced maneuvers system (Bio-
System for Maneuver, Data Sciences International).

2.8. Estimation of plasma leptin & C-reactive protein

After the treatment period, the rats were euthanized, and the

blood was collected for the estimation of plasma leptin and
C-reactive protein. Blood was collected in the EDTA tubes
for the separation of plasma. The blood samples were cen-

trifuged at 1500g for 15 min at 4 �c. The supernatant was col-
lected and stored for further analysis. Plasma leptin and C-
reactive protein levels were measured using the commercially
available ELISA kit purchased from CyrstalChem,USA. The

test was performed according to the instructions provided in
the kit.

2.9. Assessment of bronchoalveolar lavage fluid

The anesthetized rats were subjected to the collection of bron-
choalveolar lavage fluid. The rats were placed on a clean sur-

gical table, and the chest of each rat was cut open with a
surgical knife. The left lung bronchus was ligated, and 4 mL
of saline was administered to the trachea and gently withdrawn
using a canula. The collected fluid was considered to be the
bronchoalveolar lavage fluid. The bronchoalveolar fluid was

centrifuged at 500g for 10 min at 4 �C. The pellet was collected
and suspended in 1 mL of saline. To the suspension, Turk’s
fluid was added, and 1 ml of fluid was subjected to a total

WBC count using a hemocytometer. The pellet suspension
was mounted on a glass slide and stained with Wright-
Giemsa stain to count the monocytes, neutrophils, and

lymphocytes.

2.10. Histopathological analysis of lung tissue

The rat’s chest was cut open, and 10% buffered formalin was
injected into the lungs at a constant pressure of 25 cm H2O for
4 h.The left lower lobe of the lung was excised and immersed in
formalin. The tissue was further subjected to tissue processing

and finally embedded in paraffin wax. The paraffin-embedded
tissue blocks were sectioned into 5 mm using a microtome. The
sections were stained with haematoxylin and eosin stain and

microscopically observed for histopathological changes.

2.11. Statistics

The data of the all the experiments were analyzed with one
Way ANOVA followed by the post hoc test Student’s-t test
using the statistical software GraphPad Prism. The results
were expressed as mean ± SEM. p < 0.05 was considered

to be statistically significant.

3. Results

3.1. Weight gaining effect of growth regulator paclobutrazol in
chronic cigarette smoke induced rats

Fig. 2A&1B depict the results of the paclobutrazol effect on
weight gain and the efficiency of food intake in chronically

side-stream cigarette-exposed rats. For the first two weeks,
not much difference was observed in the weights between the
control, cigarette smoke-exposed, and simultaneous

paclobutrazol-treated rats, whereas a significant decrease in
body weight was observed in only the cigarette smoke-
exposed rats from the 7th week onward. After the 12-week

treatment period, more cumulative weight gain was observed
in the paclobutrazol and dexamethasone-treated rat group
than in the cigarette smoke-exposed rats. The food intake,
1 h food intake, and food efficiency were significantly

decreased in the cigarette smoke alone group compared to
the other groups. Paclobutrazol treatment significantly
increased the food intake compared to the cigarette smoke

alone that exposed rats.

3.2. Muscular strengthening effect of growth regulator
paclobutrazol in chronic cigarette smoke induced rats

The muscular strengthening effect of paclobutrazol in cigarette
smoke-exposed rats was measured using a grip strength meter.
Cigarette smoke alone exposed rats, which showed decreased

grip strength compared to the sham control rats. Simultaneous
paclobutrazol-treated rats exposed to cigarette smoke showed



Fig. 2 Weight gaining effect of growth regulator paclobutrazol in chronic cigarette smoke induced rats. (A) Body weight (B)

Cummulative body weight gain (C) 1-h food intake (D) Total food intake (E) Food efficiency. p < 0.05 was considered to be statistically

significant.
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significantly increased grip strength compared to cigarette-

alone-exposed rats. No significant change was observed
between the paclobutrazol and dexamethasone-treated rats
(Fig. 3).

3.3. Ameliorative effect growth regulator paclobutrazol on

respiratory functions in chronic cigarette smoke induced rats

Fig. 4 illustrates the results of respiratory functions analyzed in
control and experimental rats using a whole-body plethysmo-
graph. Forced expiratory volume, peak expiratory flow rate,
and tidal volume were decreased in the exposed rats to cigar-

ette smoke alone. Simultaneous paclobutrazol treatment
increased respiratory functions in rats. Paclobutrazol treat-
ment decreased the lung capacity and functional residual
Fig. 3 Muscular strengthening effect of growth regulator

paclobutrazol in chronic cigarette smoke induced rats. Skeletal

muscle strength of control and experimental rats were assessed

with Bioseb’s Grip strength instrument. p < 0.05 was considered

to be statistically significant.
capacity compared to exposure to cigarette smoke alone in

rats.

3.4. Regulatory effect of growth regulator paclobutrazol on
plasma leptin & C-Reactive protein in chronic cigarette smoke
induced rats

The fat mass index of control and experimental rats was

assessed by measuring the levels of plasma leptin (Fig. 5A).
Simultaneous paclobutrazol treatment significantly increased
the plasma leptin levels in cigarette smoke-exposed rats. The
increase in plasma leptin was observed in a dose-dependent

manner in paclobutrazol-treated rats. Fig. 5B depicts the
results of C-reactive protein, an inflammatory marker, in con-
trol and experimental rats. No significant difference was

observed between control, paclobutrazol-treated cigarette-
exposed rats, and dexamethasone-treated cigarette-exposed
rats. C-reactive protein levels were higher in rats exposed to

side stream cigarette smoke alone compared to other treatment
groups.

3.5. Anti-inflammatory effect of growth regulator paclobutrazol
in chronic cigarette smoke induced rats

The anti-inflammatory effect of paclobutrazol was assessed by
counting the white blood cells, and the results are depicted in

Fig. 6. When cigarette smoke alone was exposed to rats, the
total WBC count increased dramatically when compared to
control rats. The number of monocytes was decreased, whereas

the number of neutrophils and lymphocytes was increased in
cigarette-exposed rats. Paclobutrazol treatment significantly
decreased the counts of neutrophils and lymphocytes and

increased the monocyte count in cigarette-smoke exposed rats.
No significant difference was observed between paclobutrazol
and dexamethasone-treated rats.



Fig. 4 Ameliorative effect growth regulator paclobutrazol on respiratory functions in chronic cigarette smoke induced rats. Respiratory

functions of control and experimental rats were analyzed with whole body plethysmograph instrument. (A) Tidal volume (B) Peak

expiratory flow rate (C) Forced expiratory volume at 100 ms (D) Functional residual capacity (E) Lung capacity. p < 0.05 was considered

to be statistically significant.

Fig. 5 Regulatory effect of growth regulator paclobutrazol on plasma leptin & C-Reactive protein in chronic cigarette smoke induced

rats. Fat mass index plasma leptin (A) and inflammatory marker protein C-reactive protein (B) were assessed with commercially available

ELISA kit. p < 0.05 was considered to be statistically significant.
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3.6. Pulmonary protective effect of growth regulator
paclobutrazol in chronic cigarette smoke induced rats

Fig. 7 illustrates the representative image of an H&E-stained
lung tissue section from control, cigarette smoke-exposed,

simultaneous paclobutrazol, and dexamethasone treated rats.
Normal lung architecture with undisturbed alveoli and intersti-
tium (6A), whereas cigarette smoke alone exposed rats shown

thickened interstitum and alveolar wall due to infiltration of
inflammatory cells (6B). The number of disturbed alveolar cells
was reduced in paclobutrazol (6C&D) and dexamethasone

(6E)-treated rats lung tissue compared to the cigarette smoke
alone exposed rats.
4. Discussion

Even though the usage of cigarettes was reduced in developed

countries, the middle- and low-income countries still experi-
enced serious health ill effects due to smoking. About 7 million
deaths were recorded every year due to cigarette smoking

(Hersi et al., 2019; WHO 2015). Cigarettes consist of more
than 4000 ingredients, many of which are toxic and cause ill-
ness in both smokers and secondhand smokers. Cigarette
smoking amplifies the risk of diseases such as respiratory dis-

ease, stroke, cancer, inflammatory diseases, diabetes, fatty
liver, premature skin ageing, etc. (Ahmed et al., 2020; Lee
et al., 2018; Lisboa et al., 2017). COPD is a common disease



Fig. 6 Anti-inflammatory effect of growth regulator paclobutrazol in chronic cigarette smoke induced rats. Bronchoalveolar fluid was

collected to analyze (A) Total WBC count (B) Monocytes (C) Neutrophils (D) Lymphocytes. p < 0.05 was considered to be statistically

significant.

Fig. 7 Effect of paclobutrazol on the lung tissues of the chronic cigarette smoke-induced rats The lung tissue was excised from control

and experimental rats. The tissue was processed and stained with hameatoxylin and eosin stain. The stained sections were viewed under

light microscope and representative images were depicted. (Group I) Control (Group II) Cigarette smoke alone exposed (Group III)

Cigarette smoke exposed rats simultaneously treated with 10 mg/kg paclobutrazol (Group IV) Cigarette smoke exposed rats

simultaneously treated with 20 mg/kg paclobutrazol (Group V) Cigarette smoke exposed rats simultaneously treated with 2 mg/kg

dexamethasone.

6 X. Ma et al.
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found in more than 80% of cigarette smokers. Cigarette smoke
induces oxidative stress and the infiltration of inflammatory
cells, thereby causing severe lung damage (Miller et al., 2014).

Cachexia is a rapid loss of body weight observed in patients
suffering from chronic illness (He et al., 2022). Apart from
causing respiratory dysfunction, cigarette smoking also

decreases the appetite, thereby causing cachexia in healthy
individuals (Ho et al., 2022; Thome et al., 2022). 20–40% of
COPD patients were reported with cachexia, and the mortality

rate in COPD patients with cachexia was high (von Haehling
& Anker, 2012; Zhang et al. (2020)). In our study, 12 weeks
of side-stream cigarette exposure in healthy male rats reduced
their food intake. Nearly 50% of the reduction in cumulative

weight gain was observed in rats exposed to secondhand cigar-
ette smoke. The reduction in body weight gain may be due to a
loss of appetite induced by the cigarette smoke. Food efficiency

and total food intake decreased in cigarette smoke alone,
which confirms the loss of appetite. Whereas simultaneous
treatment with paclobutrazol increased the intake of food

and efficiency in rats, thereby preventing rats from cigarette
smoke-induced cachexia.

Cigarette smoking causes skeletal muscle dysfunction,

which is reported in smokers without any symptom of respira-
tory illness (Maltais et al., 2013). COPD patients are prone to
skeletal muscle wasting and peripheral muscle damage, which
leads to decreased everyday life activity. Therefore, muscle

weakness should be considered a serious pathological symp-
tom to be treated on time. Our study results on grip strength
assessment in rats also prove that cigarette smoke induces

muscle wasting in rats, which causes decreased muscular
strength. Both the standard anti-inflammatory drug dexam-
ethasone treatment and paclobutrazol significantly increased

the muscular strength in cigarette-exposed rats.
Paclonutrazol treatment significantly increased the respira-

tory functions in rats treated with cigarette smoke exposure.

The forced expiratory volume, tidal volume, and peak expira-
tory flow rate were increased in rats treated with simultaneous
paclobutrazol. The improvement in respiratory function was
observed in a dose-dependent manner. The lung capacity and

functional residual capacity, which are often increased in
emphysema, were also observed in rats treated with cigarette
smoke, whereas paclobutrazol treatment decreased the lung

capacity and thereby prevented rats from developing cigarette
smoke-induced emphysema. Our results correlate with the pre-
vious report: gherlin treatment significantly improved lung

capacity in whole-body cigarette-exposed rats (Kamiide
et al., 2015).

Leptin is an adipokine secreted by the adipocytes that
enhances weight gain, and during fasting conditions, the levels

of plasma leptin are drastically reduced (Kryfti et al., 2015).
The plasma leptin levels were higher in smokers compared to
nonsmokers. Cessation of smoking increased food intake and

decreased energy expenditure, which proves the correlation
between smoking and levels of plasma leptin, which decreases
body weight (Driva et al. (2022)). In our study, paclobutrazol

treatment decreased the leptin levels in rats exposed to cigar-
ette smoke. This may be the reason for increased food intake
and body weight gain in paclobutrazol rats compared to the

cigarette smoke alone-exposed rats. C-reactive protein is a
plasma protein synthesized by the liver during inflammatory
conditions. Increased levels of C-reactive proteins were
observed in smokers (Dahdah et al. (2022)). A positive corre-
lation was reported between leptin and C-reactive protein
levels (Suleri et al., 2022; Mayyas et al., 2020). In our study,
cigarette exposure increased the levels of C-reactive protein,

which may be due to the increase in plasma leptin. Paclobutra-
zol treatment significantly decreased both levels of plasma lep-
tin and C-reactive protein, thereby protecting rats from

cigarette smoke-induced inflammation.
It has been reported that the number of white blood cells

was increased in smokers compared to non-smokers, which

may be due to the increased infiltration of neutrophils to the
inflamed site (Suzuki et al., 2022). During inflammation, the
cytokine leptin also triggers the activation, infiltration, and
survival of inflammatory cells (Kumboyono et al., 2022).

Our results also illustrate that cigarette smoke increased the
white blood cell count in rats, and the paclobutrazol treatment
significantly decreased the WBC count. Further to confirm the

anti-inflammatory property of paclobutrazol, we have per-
formed the histopathological analysis of lung tissue. Our
results confirmed paclobutrazol effectively inhibited the cigar-

ette smoke-induced inflammation, thereby preventing lung
inflammation in the rats.

5. Conclusion

To conclude, in the present study, 12 weeks of treatment with side-

stream cigarette smoke in rats decreased food intake, efficiency, and

weight gain. It also increased the levels of plasma leptin, C-reactive

protein, and white blood cells and decreased the respiratory function

in rats, which are characteristic pathologies of COPD. Paclobutrazol

treatment significantly increased cumulative body weight, improved

respiratory function, and decreased inflammation in cigarette-

exposed rats. Overall, our results confirm that paclobutrazol effectively

protects the rats from cigarette smoke-induced pulmonary inflamma-

tion. Hence, it could be used as a talented medication to treat the

patients with COPD. However, additional studies are still needed in

the future to understand the precise underlying molecular pathways

of the therapeutic effects of paclobutrazol.
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