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Pulmonary fibrosis treatment with currently available drugs mostly seems inadequate owing to its progressive
and irreversible nature. Persistent activation of underlying mechanisms primarily, oxidative-stress and
inflammation in lung leads to pulmonary fibrosis progression and subsequently produces sub-therapeutic
control even after prolonged drug therapy. Additionally, due to large dose requirements in the treatment
of pulmonary fibrosis unavoidable adverse effects are also an important concern. Thus, alternative drug
therapy for pulmonary fibrosis, targeting to the aforementioned chief mechanisms is urgently required. In
this view, some phytoconstituents were initially screened for antioxidant and anti-inflammatory activities
through in vitro testing. Later, an in vivo study was planned to evaluate and compare the efficacy of two
selected compounds namely forskolin (20 mg/kg) and rutin (100 mg/kg), individually and in combination
against standard drug pirfenidone (50 mg/kg) using bleomycin-triggered pulmonary fibrosis murine model.
Assessment parameters including changes in physical and physiological parameters along with alterations
in lung injury markers, oxidative-stress, inflammatory status and fibrotic condition were evaluated during
the study. Outcomes of the study exhibited, forskolin and rutin co-administration adequately reversed the
physical and physiological changes during pulmonary fibrosis. Besides, it synergistically inhibited biochemical
alterations in lung with no significant difference as compared to pirfenidone treatment. Further, forskolin
and rutin co-administration showed effectively decline in Szapiel’s and Ashcroft scores and maximally
diminish mast cell accumulation than that manifested by pirfenidone in lungs. Overall, efficacy of forskolin
and rutin combination against pulmonary fibrosis showed promising potential and hence would contribute

in the development of a novel effective treatment regimen in future.
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Pulmonary Fibrosis (PF) is a continuous
augmentative interstitial lung disease associated
with poor prognosis and showing average survival
span of around 2-3 y because of progressive
restriction in lung function and alveolar spaces!'l.
Broadly, inception of PF is considered as a
cumulative effect of repetitive Alveolar Epithelial
Cell (AEC) injury, abnormal wound healing,
fibroblasts proliferation and subsequently their
differentiation into myofibroblasts, which leads to
accumulate voluminous Extracellular Matrix (ECM)
within interstitial spaces and finally materialized as
fibrosis?!. Recently, PF is identified as most frequent
and severe type of lung ailment amongst various
categories of interstitial lung diseases™. Commonly,
tobacco smoking, air pollution, Gastroesophageal
Reflux Disorder (GERD) and viral infections are
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measured as the important risk factors in PFM.
However, the specific actiology behind the onset of
the disease is still ambiguous so, it is also called as
Idiopathic PF (IPF).

Drugs of immunosuppressant and antifibrotic
categories are usually prescribed by the clinicians
for the treatment of PF, frequently accompanied with
dose dependent several adverse effects and uncertain
improvement in Quality Of Life (QOL) with low
survival expectancy in patients?®. Also, because
of progressive nature of this devastating ailment,
transplantation of lung is only remained as the
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ultimate treatment option particularly in the advance
stage of PF. Thus, it imposes huge responsibility on
the pharmaceutical scientists to develop a new drug
or novel treatment strategy on urgent basis, which
could at least effectively overcome the progressive
condition of PF.

From last few decades, many researchers
emphasized that particularly oxidative-stress
and chronic inflammation together act as chief
underlying mechanisms which could be involved
in the pathogenesis of PF%. Additionally, it is
strongly believed that persistent activation of
these mechanisms in lungs are accountable for PF
progressiont’! and leads to produce sub-therapeutic
control with existing drug treatments. Recently, two
active phytoconstituents namely forskolin and rutin
were demonstrated with considerable potential to
inhibitthe lung inflammatory responses during asthma
in clinical and pre-clinical studies, respectively!®,
In addition, rutin has also been recognized with
another noticeable property that it could significantly
improve wound healing activity!'”. Besides, growing
scientific evidences suggested that successive
alveolar injury motivate unusual responses which
creates disturbance in wound healing process leads
to accumulate excess of extracellular matrix at the
site of injuries which may incite fibrosis formation
instead of normal tissues repairment?!, Furthermore,
these phytoconstituents (forskolin and rutin) were
also showed considerable redox balancing and anti-
inflammatory activities during in vitro testing in our
initial studies (data not presented here). In addition,
previous systematic research indicated that combined
antioxidant therapy might be harmless and effective
against the patients those were suffering from IPF
as it may provide additive effect on lung functions
specifically in vital capacity and carbon monoxide
diffusing capacity (DLco) as they compared to single
drug therapy!''. Despite such pharmacological
properties, the efficacy of forskolin and rutin as
individual and their combination have not been
assessed against the PF disease, so far.

Therefore, the present study was aimed to assess
and compare the individual and combined effects
of forskolin and rutin through various assessment
parameters including physical, physiological,
biochemical and histopathological examinations by
using bleomycin-triggered PF model against standard
drug treatment pirfenidone in rats. Additionally,
different researchers in their scientific literature had
proposed that mast cell might act as an effector cell
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during the institution of PFU213l Thus, anticipated
involvement of mast cell in the development of PF
has been also pinpointed in this study.

MATERIAL AND METHODS

Chemicals and reagents

Bleomycin was purchased from Cipla Ltd.
(Maharashtra, India). Rutin was procured from
Sigma-Aldrich (Missouri, USA). Forskolin was
brought from Healthgenie India Pvt Ltd. (Haryana,
India). Pirfenidone was obtained as a gift sample
from Chemca Drugs Pvt. Ltd. (Andhra Pradesh,
India). Enzyme-Linked Immunosorbent Assay
(ELISA) kit for the detection of TNF-a was obtained
from Immuno-Tag (G-Bioscience St. Louis, USA).
Biochemical assay kits for the detection of Alkaline
Phosphatase (ALP), Creatine Kinase (CK) and
Lactate Dehydrogenase (LDH) were purchased from
Coral Clinical Systems (Goa, India). Remaining
other chemical ingredients including reagents were
purchased and utilized of highest purity or for
analytical purpose and obtainable commercially.

Experimental animals:

Thirty, male, Wistar albino rats of 275-325 g body-
weight and age between 10-12 w were received from
theanimal house facility, Birla Institute of Technology,
Mesra (India). Experimental rats were kept in the
propylene cage within maintained environment
(Temperature: 25+2°; Relative Humidity: 30-70
%) with 12 h day and night alteration period. All
experimental rats were acclimatized for at least week
before commencement of study. They were fed with
standard rodent meal and allowed free access to
drinking water throughout the study duration. The
study was approved by Institutional Animal Ethics
Committee (Study protocol approval no. 1972/PH/
BIT/55/18/TAEC). Study was carried out in adherence
with the guidelines of Committee for the Purpose of
Control and Supervision of Experiments on Animals
(Reg. no. 1968/PO/Re/S/17CPCSEA).

Study design:

Initially, body-weight of all animals was recorded,
then under mild anaesthesia each study animal
went for survival surgery, where the trachea was
surgically exposed through a central line incision
on the neck region. For the development of PF
model in rats, a single-dose of bleomycin (7.5 U/
kg) in 0.9 % w/v Normal Saline (NS) as vehicle was
instilled intratracheally (IT) via cannula under direct
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visualization on day-0 of the study!'*. However,
normal control group related animals received a
single-dose of vehicle (NS) via instillation (IT). At
the completion of study, all experimental animals
were gently sacrificed through decapitation method.
All experimental rats were randomly assigned to the
different groups (containing 5 animals each) and
allowed to administer the study drugs (orally) for the
21 consecutive d as follows.

Treatment Protocol:

Group-1, administered a single-dose of NS once
daily (o.d), after vehicle instillation (IT) and
designated as NOS (normal control) group. Group-2,
administered a single-dose of forskolin (20 mg/kg)
in NS (o.d), after bleomycin instillation (IT) and
designated as FOS group. Group-3, administered a
single-dose of rutin (100 mg/kg) in NS (o.d), after
bleomycin instillation (IT) and designated as RUT
group. Group-4, co-administered a single-dose of
forskolin (20 mg/kg) and rutin (100 mg/kg) in NS
(0.d), after bleomycin instillation (IT) and designated
as FOS+RUT group. Group-5, administered a single-
dose of pirfenidone (50 mg/kg) in NS (o0.d), after
bleomycin instillation (IT) and designated as PIR
(standard treatment) group. Group-6, administered a
single-dose of NS (0.d), after bleomycin instillation
(IT) and designated as BLM (disease control) group.

In view of allometric scaling of rat metabolism,
a daily forskolin dose was derived as 20 mg/kg in
rats. It was calculated from the daily recommended
human dose equivalent to 200 mg, which was divided
by average normal human body-weight (60 kg) and
dose conversion factor (0.162) as denoted in the
literature!'>). However, doses of the other study drugs
including rutin and pirfenidone were adopted from
the previous studies!®!¢!

Leukocyte infiltration assessment:

After the completion of 21 d dosing, animals were
sacrificed and surgically, thoracic chamber was
opened immediately and the whole lungs were
harvested. Bronchoalveolar Lavage Fluid (BALF)
was collected with three successive rinses of lungs
by injecting 1 ml Phosphate Buffer Saline (PBS)
solution (pH 7.4), pooled and concentrated at 1200
g by centrifugation. For the Total Leukocytes Count
(TLC) the cells pellet was re-suspended in freshly
prepared PBS solution (pH 7.4) and leukocyte
counting was done by using hemocytometer.
However, for the Differential Leukocyte Count
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(DLC), a thin-smear of BALF sample was slightly
spread over the slide and subsequent 300 cells were
counted in each slide under light microscope (METZ-
877, India) after Giemsa’s staining!'"..

Physical parameter assessment:

Percentage change in body-weight and lung/body-
weight ratio: Initially, the body-weight of individual
study animal was recorded and then a weekly change
was measured in all the groups!'®!. However, to
calculate the percentage change in body-weight the
initial mean value was considered equivalent to 100
%. At the end of the study, lung/body-weight ratio
was also assessed by calculating the ratio between
lung and body-weight in each individual for all the
study groups.

Exercise Performance Test (EPT):

The physical EPT for experimental animal (rats) was
performed analogous to 6 Min Walk Test (6-MWT)
which is generally used to assess the lung condition in
human!’!. To conduct the EPT inrats, amotorized force
running wheel indig-enously developed apparatus of
total inner circumference equivalent to 1 m was used
which provide unidirectional controlled rotational
speed to the wheel. Prior to perform EPT, all the
experimental animals were necessarily familiarized
to this apparatus to minimized the avoidable errors.
During this test, motorized wheel was set at constant
rotational speed of 8 rpm in unidirectional movement
(clockwise or anti-clockwise). Where, the single
animal was gently placed inside the apparatus and
the circular movement of wheel force to maintain the
running speed correspondingly because of continuous
moving surface. In each experiment, apparatus
was continuously operated till the complete fatigue
condition was achieved and muscle became flaccid
to maintained the erect position of test animal inside
the apparatus. EPT was performed just before end of
the study. Individual’s exercise performance ability
was measured through calculating the total distance
covered in meter (m) by the test animal. Where, EPT
was derived as follows.

Total distance (m)=Wheel speed (rpm)xRunning
time (min)xWheel circum—ference (m)

Physiological parameter assessment:

Arterial blood oxygen saturation test: PF usually
develop the condition of hypoxemia (low blood
oxygen) which could be determined by measuring
the arterial blood oxygen saturation (SpO,) level!'".
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To measure the SpO -level, a non-invasive oximeter
of Nisco-med Co., Ltd. (New Delhi, India) has been
utilized®” and the sensor was attached over the
peripheral artery at the proximal end of tail in each
animal. The value of SpO,-level was recorded in
percent (%) which was monitored at weekly intervals
during the span of the study.

Biochemical parameter assessment:

Lung injury, oxidative-stress, inflammatory status
and fibrosis markers:

Lung injury markers viz., LDH, ALP, CK and Total
protein (TP) as well as inflammatory marker such as
Tumor necrosis factor-a (TNF-a) were determined
in BALF supernatant®->*, The estimation of ¢ level
was done by utilizing commercially available kits
of Choral Clinical Systems (Goa, India). For the
measurement of catalytic concentration of ALP,
CK and LDH enzymes, an International Federation
of Clinical Chemistry (IFCC) method was used
with slight modification. However, the TP was
assessed through Bradford method®. Moreover, the
quantification of TNF-a was carried out by using rat
specific ELISA kit of Immuno-Tag (G-Bioscience
St. Louis, USA) in accordance to the instructions
provided by the manufacturer.

For the estimation of oxidative-stress, inflammatory
status and fibrotic markers the right lung tissue
was utilized and separate lung homogenates were
prepared as discussed in our previous research!?®,
However, all the biochemical estimations were
carried out through spectrophotometry instrument
(Bio-Rad multiplate reader). Superoxide Dismutase
(SOD) activity was biochemically estimated by
prevention of Nitro Blue Tetrazolium (NBT)
reduction rate and absorbance change was recorded
at 560 nm™7). Catalase (CAT) activity was interpreted
by decomposition of hydrogen peroxide (H202)
per min at 240 nm absorbance wavelength?®.
Malondialdehyde (MDA) content was estimated
indirectly through reaction between Thio-Barbituric
Acid (TBA) and Trichloroacetic Acid (TCA) and
absorbance of the sample was recorded at 540 nm™.,
Reduced Glutathione (GSH) level in the samples
were estimated at 415 nm absorbancel*”. However,
Myeloperoxidase (MPO) activity was determined
as per the previously established method?®" where,
per min absorbance change was noted at 450 nm
wavelength. Similarly, Hydroxyproline (HYP)
content as a hallmark marker of fibrosis was estimated
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in lung as discussed earlier®?. Absorbance of sample
was taken at 550 nm. Also, standard-curve equation
of 4-hydroxy-L-proline was utilized to the determine
the concentration of HYP in different test samples.

Histopathological parameter assessment:

Szapiel’s alveolitis, ashcroft’s fibrosis and mast
cell population scoring:

The left portion of the lung was collected and
placed in formalin solution (10 % v/v) and fixed in
paraffin for histopathological evaluation. The fixed
lungs tissue in paraffin wax was sliced in regular
thickness of 5 um and was put on the individual
slide, deparaffinized. Three slides each in duplicate
of all study groups were separately stained with
Haematoxylin and Eosin (H&E), Masson’s
Trichrome (MT) and Toluidine Blue (TB) to assess
the inflammation and fibrosis grades and total mast
cell population within lungs, respectively. For the
histopathological examination of lung tissues a
Leica microscope (Model: DME, Shanghai, China)
was utilized and evaluation of different slides and
photomicrographs were captured through computer
aided digital camera (Canon Inc., PowerShot S70,
Japan). Histopathological evaluations were carried
out by independent experienced histologist blinded
with the treatment groups. For the histological
assessment of alveolar inflammation condition,
previously established procedurel®?! was utilized to
the differentiate and score the inflammatory condition
of lung in H&E-stained slide at 100X magnification.
Similarly, for the assessment of fibrotic condition of
lung, fibrosis scoring scale**! was utilized in MT-
stained slide at 100X magnification. However, to
measure the total Mast Cell Population (MC_ ) in
per mm? area of lung section, the slide was stained
with TB as discussed previously in literaturef3>-3
and carefully examined at 400X magnification.
Positive TB-stained mast cells in each slide were
counted in 4 randomly selected fields (0.5 mm?2 area
each) and presented the MC_  value per mm2 area
by multiplying the average number with 2 as per
the established method previously described in the
literaturet”).

Statistical analysis:

All the study data were calculated as mean+Standard
Error of Mean (SEM) with the least criterion set
at p<0.05 which was considered to be statistically
significant during comparison of the study results.
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Statistical evaluation was executed through
GraphPad Prism software version 5.0 using 1-way/2-
way analysis of variance post-hoc Tukey-Kramer’s
multiple comparisons assessment or Bonferroni test
as applicable.

RESULTS AND DISCUSSION

Alnitially, acute oral-toxicity study was carried
out for both the investigational phytoconstituents
namely forskolin and rutin (test compounds) through
fixed dose procedure according to Organisation for
Economic Co-operation and Development (OECD)-
guidelines no. 420. In this study, male, Wistar rats,
on being treated with forskolin and rutin at fixed dose
of 2000 mg/kg were supervised for 14 d. However,
no apparent symptoms of toxicity were found.
Also, physical examination, behavioural pattern,
laboratory parameters and histopathological study of
heart, liver and kidneys were thoroughly performed.
The results of all these parameters in test compounds
treated groups were found comparable and showed
statistically no significant differences (p<0.05) with
normal control. Further, no abnormalities were
reported during histopathological study in regards to
both the test compounds (forskolin and rutin).

In BLM group, percentage body-weight was observed
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to be significantly decrease (p<0.001) as compared
to normal control (NOS) group which possibly due
to development of severe lung injury as lung fibrosis
progression is typically associated with gradual loss
of body-weight and have also clinical significance
in the assessment of PF prognosis®. However,
administration of forskolin and rutin as an individual
treatment in FOS and RUT groups, respectively, both
were found to be adequate and offered a positive
change in percentage body-weight after bleomycin
induced lung challenge with significant gain
(p<0.001) in percentage body-weight as compared
to disease control (BLM) group. Moreover, FOS
and RUT groups both were showed significantly
low (p<0.001) value in percentage body-weight as
compared to PIR group. Furthermore, treatment
with standard drug pirfenidone in PIR group as
well as co-administration of forskolin and rutin in
FOS+RUT group were presented obvious change
with significant increase (p<0.001) in percentage
body-weight after administration of bleomycin (IT)
as compared to BLM group. In addition, percentage
change in body-weight in FOS+RUT and PIR groups
were found to be statistically comparable with no
significant difference as shown in fig. 1 and Table 1.

Q N

Vv %

Time duration in weeks

Fig. 1: Effect of forskolin and rutin on percentage change in body-weight during PF

Note: (

): Normal saline treated group; ( -8 ): Forskolin treated group; (—— ): Rutin treated group; ( =+ ): Pirfenidone treated group; (—-):

FOS+RUT: Forskolin and rutin treated group and ( —e- ): Bleomycin treated group
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TABLE 1: EFFECT OF FORSKOLIN AND RUTIN TREATMENTS ON PERCENTAGE CHANGE IN BODY-

WEIGHT
w NOS Group FOS Group RUT Group FOS+RUT Group PIR Group BLM Group
1 104.21£1.97 94.03+1.57%**5% 97.81+1.44***5% 103.23+1.60***  103.84+1.12***  90.14+1.25%%
2 113.02+1.76 103.27:£2.0%**5% 106.37£1.28***5%  111.48+1.56***  112.57+1.50***  86.63+1.23##
3 122.38+1.62  114.83+1.45**%5%  116.34+1.27***%%%  120.91+1.96**  121.50+1.68***  81.89+1.47%*

Note: NOS: Normal Saline treated group; BLM: Bleomycin treated group; FOS: Forskolin treated group; RUT: Rutin treated group; FOS+RUT:
Forskolin and rutin treated group and PIR: Pirfenidone treated group; ##p<0.001 BLM vs. NOS; ***p<0.001 (FOS, RUT, FOS+RUT and PIR)
vs. BLM; %%%p<0.001 FOS vs. PIR and ***p<0.001 RUT vs. PIR. All values are given as mean+SEM, (n=5). All values are given as mean+SEM for
n=5. Statistical analysis was executed through 2-way ANOVA post-hoc Bonferroni test

In disease control (BLM) group, administration of
bleomycin via IT route produced significant increase
(p<0.001) in Length/Beam (L/B) ratio as compared
to normal control (NOS) group which indicated that
development of excess lung inflammatory conditions
was occurred post bleomycin instillation. However,
treatment with study drugs including forskolin and
rutin as individual and their combination in FOS,
RUT and FOS+RUT groups, respectively after
bleomycin administration, presented significant
lowering (p<0.001) in L/B ratio as compared to BLM
group. Moreover, FOS and RUT groups were showed
significantly high (p<0.001) value of L/B ratio with
respect to PIR group, which reflected that forskolin
(20 mg/kg) and rutin (100 mg/kg) as individual
treatment, both were comparatively inadequate to
lowered the L/B ratio due to generation of intense
lung inflammation during PF, as demonstrated by
pirfenidone (50 mg/kg) treatment. However, co-
administration of forskolin and rutin (20 mg/kg+100
mg/kg) in FOS+RUT group efficiently abolished the
bleomycin induced lung inflammation and causes
considerable reduction in L/B ratio and the result
was found to be comparable with no significant
difference to PIR group as shown in fig. 2(A).

EPTvalue inrespect to distance covered (m) in disease
control (BLM) group was found to be significantly
low (p<0.001) as compared to the normal control
(NOS) group. It imitated that the lung condition was
deeply compromised and subsequently affected the
physical activity due to severity of PF disease induced
after bleomycin challenge through instillation (IT)
in rats. However, after bleomycin administration,
treatment with forskolin and rutin as individual
and their combination in FOS, RUT and FOS+RUT
groups, respectively, reflected significant increase
(p<0.001) in EPT value as compared to BLM group.
Moreover, in FOS and RUT groups, EPT value was
found to be significantly low (p<0.001) with respect
to PIR group. It exhibited that forskolin (20 mg/
kg) and rutin (100 mg/kg) as individual treatment,
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both were comparatively inadequate to enhance
the EPT value due to compromised lung condition
during PF, as showed by pirfenidone (50 mg/kg)
treatment. However, co-administration of forskolin
and rutin (20 mg/kg+100 mg/kg) in FOS+RUT group
adequately reversed the bleomycin induced degraded
lung condition and causes substantial improvement in
EPT value and the result was found to be comparable
with no significant difference to PIR group as shown
in fig. 2(B).

In the study, when disease control (BLM) group
was compared with normal control (NOS) group,
a significant decrease (p<0.001) in SpO,-level was
observed. This was possibly due to compromised
lung function and in turn gaseous exchange ability
was also reduced after bleomycin instillation (IT).
However, treatment with forskolin and rutin as
individual and their combination in FOS, RUT and
FOS+RUT groups, respectively after bleomycin
administration, reflected significant increase
(p<0.001) in SpO,-level as compared to BLM group.
Moreover, in FOS and RUT groups, SpO,-level was
found to be significantly low (p<0.001 and p<0.01,
respectively) with respect to PIR group. It showed
that forskolin (20 mg/kg) and rutin (100 mg/kg)
as individual treatment, both were comparatively
inadequate to maintained the SpO,-level due to
severe declined gaseous exchange ability of lung
during PF, as manifested by pirfenidone (50 mg/kg)
treatment. However, co-administration of forskolin
and rutin (20 mg/kg+100 mg/kg) in FOS+RUT group
adequately overturned the bleomycin associated
deprived gaseous exchange ability of lung and causes
noticeable increase in SpO,-level and the result was
found to be comparable with no significant difference
to PIR group as shown in fig. 3(A).

Bleomycin instillation (IT) in BLM group triggered
significant increase (p<0.001) in TLC value as
compared to NOS group due to aggravation of
inflammatory responses within lungs. However,
treatment with forskolin, rutin and their combination
July-August 2023
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in FOS,RUT and FOS+RUT groups respectively, after
bleomycin instillation caused significant decrease
(p<0.001) in TLC value as compared to BLM group.
Moreover, in FOS and RUT groups, TLC value was
remained significantly high (p<0.001 and p<0.01,
respectively) as compared to PIR group. However, in
between FOS+RUT and PIR groups, TLC value was
differed insignificantly. When DLC was measured
in the BLM group, percentage of lymphocyte and
neutrophil were found significantly increased
(p<0.001), whereby, percentage of macrophage was
significantly decreased (p<0.001) as compared to
normal control. But, in FOS, RUT and FOS+RUT
groups, percentage of macrophage was found
significantly increased (p<0.001) and percentage of

L/B wt. ratio (mg/q)

neutrophil and lymphocyte were significant decrease
(p<0.001 and p<0.01, respectively). Moreover, in
comparison to standard drug treated PIR group, in
FOS and RUT groups, percentage of macrophage,
lymphocyte and  neutrophil were differed
significantly. However, the combination treatment
of forskolin showed statistically comparable results
for these parameters to standard drug pirfenidone
treatment after bleomycin instillation (IT). Besides,
it was detected that percentage of eosinophil and
basophil among all the treatment groups did not
differ significantly. The obtained values of TLC and
DLC from different experimental groups in BALF
are presented in Table 2.

3w-
.g- 250 4
b
o 200 - sss
3 L : 3
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3 1504
C
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Fig. 2: Effect of forskolin and rutin on (A) Lung/body-weight ratio and (B) Exercise performance test during PF

Note: NOS: Normal saline treated group; BLM: Bleomycin treated group; FOS: Forskolin treated group; RUT: Rutin treated group; FOS+RUT:
Forskolin and rutin treated group; PIR: Pirfenidone treated group; ##{p<0.001 BLM vs. NOS; ***p<0.001 (FOS, RUT, FOS+RUT and PIR) vs.
BLM and $$$p<0.001 (FOS and RUT) vs. PIR. All values are given as Mean+SEM, (n=5). All values are given as mean+=SEM for n=5. Statistical
analysis was executed through 1-way ANOVA post-hoc Tukey-Kramer’s multiple comparisons assessment.
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Fig. 3: Effect of forskolin and rutin on (A) Blood oxygen saturation (B) Tumor necrosis factor-o. during PF

Note: NOS: Normal saline treated group; BLM: Bleomycin treated group; FOS: Forskolin treated group; RUT: Rutin treated group; FOS+RUT:
Forskolin and rutin treated group; PIR: Pirfenidone treated group; ##{p<0.001 BLM vs. NOS; ***p<0.001 (FOS, RUT, FOS+RUT and PIR) vs.
BLM; $$$p<0.001 FOS vs. PIR and $$p<0.01 RUT vs. PIR. All values are given as mean+SEM, (n=5). All values are given as mean+=SEM for n=5.
Statistical analysis was executed through 1-way ANOVA post-hoc Tukey-Kramer’s multiple comparisons assessment.
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TABLE 2: LEUKOCYTE INFILTRATION COUNTS MEASURED IN BRONCHOALVEOLAR LAVAGE FLUID

Parameters NOS FOS RUT FOS+RUT PIR BLM
ol tL(eX%‘ﬁ?gf) 0.45:0.02  0.82:0.03"*5%  0.69:0.02*%  0.52:0.03**  0.56:0.02°*  1.39:0.03#
M (%) 83.00:1.20  54.06:1.96"*555  62.66+1.44"%%%5  75.53£1.51 79.86+1.53"*  35.26:1.72%
L (%) 10.60:0.45  16.40+1.05% 13.86:1.12%  12.4081.43*  11.33:0.52"*  20.00£0.59%
N (%) 3.73:0.41  25.53:1.21°%%%5  19.93:1.97*+5%5  §.80:0.58"*  5.86:0.40"*  40.26:1.21%
E (%) 2.20:0.31 3.06:0.51 2.73:0.27 2.60:0.54  2.33:0.52 3.40:0.46
B (%) 0.46:0.09 0.93:0.30 0.80:0.25 0.66:0.18  0.60:0.13 1.66£0.13

Note: M: Macrophage; L: Lymphocyte; N: Neutrophil; E: Eosinophil; B: Basophil; NOS: Normal; BLM: Diseased; FOS: Forskolin treated;
RUT: Rutin treated; FOS+RUT: Forskolin and rutin treated and PIR: Pirfenidone treated; #: BLM vs. CSS; *: (FOS, RUT, FOS+RUT and PIR)
vs. BLM; $: (FOS, RUT and FOS+RUT) vs. PIR; #*%p<0.05; #**%3p<0.01 and ##***%%5p<0.001. All values are given as mean+SEM, (n=5)

The results related to lung injury markers showed
that treatments including forskolin (20 mg/kg), rutin
(100 mg/kg), forskolin and rutin combination (20 mg/
kg+100 mg/kg) as well as standard drug pirfenidone
(50 mg/kg) were sufficed to decrease all parameters
TP, ALP, LDH and CK significantly (p<0.001) as
compared to disease control (BLM) group. However,
in comparison to pirfenidone treated group (PIR), all
parameters-TP, ALP, LDH and CK were found to be
remained significantly elevated (p<0.001, p<0.001,
p<0.001 and p<0.01 respectively) with the forskolin
treatment (as alone) after bleomycin instillation (IT).
Similarly, rutin treatment (as alone) was also not be
qualified to entirely controlled all the parameters-CK
and LDH (except TP and ALP) and were continued
significantly high (p<0.001) as compared to standard
drug pirfenidone treated group (PIR). Interestingly,
forskolin (20 mg/kg) and rutin (100 mg/kg)
combination treatment showed efficacy equivalent to
pirfenidone (50 mg/kg) treatment and synergistically
lowered all the parameter assessed for the evaluation
of lung tissue injury after bleomycin challenge in
rats. The obtained values of TP, LDH, ALP and CK
parameters in BALF samples and their statistical
comparison have been presented in Table 3.

The results showed that oxidative-stress parameters
including GSH, SOD and CAT values were decreased
significantly (p<0.001) however, MDA and NO
content were increased significantly (p<0.001) after
bleomycin instillation (IT) as compared to normal
control. This reflected that enhanced oxidative-stress
condition was developed within the lungs, possibly
due to creation of imbalanced environment between
oxidant and anti-oxidant molecules led by bleomycin
challenge. However, treatment with all the study
drugs namely forskolin (20 mg/kg) and rutin (100 mg/
kg) as alone and their combination (20 mg/kg+100
mg/kg) as well as standard drug pirfenidone (50 mg/
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kg), were qualified to reversed the obtained results
after bleomycin administration (IT) with significant
differences (p<0.001). Moreover, test compounds
(forskolin and rutin) as alone treatments were found
to be inadequate to attained the statistically equivalent
results in all assessed oxidative-stress related
parameters (except SOD in rutin treatment) than that
manifested by standard drug pirfenidone treatment.
Importantly, co-administration of forskolin (20 mg/
kg) and rutin (100 mg/kg) synergistically brought
comparable results with no significant differences to
standard drug pirfenidone (50 mg/kg) treatment after
bleomycin instillation (IT) in aspects to all assessed
parameters related to oxidative-stress carried out
in the lungs. The obtained values of SOD, MDA,
GSH, CAT and NO parameters and their statistical
comparison have been presented in Table 4.

In this study, two inflammatory markers namely tumor
necrosis factor-a (TNF-a) and myeloperoxidase
(MPO) were analyzed in BALF and lung tissues,
respectively. In the assessment of TNF-a level in
BLM group, it was found to be significantly increased
(p<0.001) as compared to control (NOS) group,
which indicated that inflammatory condition was
extensively developed within lung after instillation
of bleomycin (IT) in rats. However, treatment
with forskolin and rutin as an individual and their
combination in FOS, RUT and FOS+RUT groups,
respectively after bleomycin administration, reflected
significant decrease (p<0.001) in TNF-a level as
compared to disease control (BLM) group. Moreover,
in FOS and RUT groups, TNF-a level was found to be
remained significantly high (p<0.001) with respect to
PIR group, which exhibited that forskolin (20 mg/kg)
and rutin (100 mg/kg) as individual treatment, both
were comparatively inadequate to minimize the pro-
inflammatory cytokine (TNF-a) level as presented by
pirfenidone (50 mg/kg) treatment during bleomycin-
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triggered PF. However, treatment with forskolin
and rutin (20 mg/kg+100 mg/kg) combination
in FOS+RUT group, synergistically reversed the
TNF-a level and causes substantial reduction, after
bleomycin administration (IT) and result of TNF-a
level was found to be comparable to PIR group as
shown in fig. 3(B).

In comparison to NOS group, MPO activity was
measured apparently high (p<0.001) in the lung
homogenate of BLM group indicates excess activation
of inflammatory responses and in turn increased
neutrophil infiltration within lungs. However,
treatment with forskolin and rutin as an individual
and their combination in FOS, RUT and FOS+RUT

groups, respectively after bleomycin administration,
executed significant reduction (p<0.001) in MPO
activity as compared to BLM group. Moreover, in
FOS and RUT groups, MPO activity was found to be
continued significantly high (p<0.001) with respect
to PIR group, which exhibited that forskolin (20 mg/
kg) and rutin (100 mg/kg) as individual treatment,
both were comparatively insufficient to abate the
MPO activity as presented by pirfenidone (50 mg/
kg) treatment during bleomycin-triggered PF.
Remarkably, co-administration of forskolin and rutin
in FOS+RUT group, exhibited synergistic effect and
produced comparable result of MPO activity with no
significant difference to standard drug pirfenidone
treated PIR group as shown in fig. 4(A).

TABLE 3: BIOCHEMICAL ASSAYS OF LUNG INJURY MARKERS ESTIMATED IN BRONCHOALVEOLAR

LAVAGE FLUID

Parameters NOS FOS RUT FOS+RUT PIR BLM

TP (ug/ml)  141.33:2.37  455.83+3.29***%%  303.67+2.23***%%  192.17+2.42*** 170.02+2.76*** 1307.76+9.89%
LDH (U/y) 39.66+1.22 46.33+0.97**%%% 43.66+0.62***55% 41.73+0.48***  40.86+0.83***  55.33+0.62%#

ALP (U/1) 149.4622.39  212.06+1.69***%5 191.13+1.92** 172.11£2. 41 164.27+2.39**  285.01+2.33##
CK (U/1) 115.32£3.59  141.12+2.66**5% 132.25+2.46*** 120.95+2.53***  125.32+2.32** 198.31+2.17*#

Note: TP: Total Protein; LDH: Lactate Dehydrogenase; ALP: Alkaline Phosphatase; CK: Creatinine Kinase; #: BLM vs. CSS; *: (FOS, RUT,
FOS+RUT and PIR) vs. BLM; *: (FOS, RUT and FOS+RUT) vs. PIR; NOS: Normal; BLM: Diseased; FOS: Forskolin treated; RUT: Rutin treated;
FOS+RUT: Forskolin and rutin treated; PIR: Pirfenidone treated; #*%p<0.05; #**%p<0.01; ##***%3p<0.001; All values are given as

MeanzSEM, (n=5)

TABLE 4: BIOCHEMICAL ASSAYS OF OXIDATIVE-STRESS MARKERS IN LUNG HOMOGENATE

Parameters NOS FOS RUT FOS+RUT PIR BLM
50D (U/mg 1.7940.02  1.51+0.04"5 1.56+0.06" 1.76:0.04"*  1.69:0.02"*  1.25+0.02%
protein)

MDA (nM/mg 0.09:0.01  0.2240.02°%55  0.1750.01*%  0.10:0.01"*  0.1140.01"*  0.63+0.02%
protein)

tci’gu(el;/ MIN/ME (8 08:0.34  12.9750.34*%55  14.61:0.91"*5  17.35:0.65"*  17.21%0.35"*  7.90+0.20%
Srscié].”nA;‘/ M 975.0843.97 214.36£2.16™55  226.3743.66"55  270.05¢1.96™  266.40+2.27°* 160.311.33%
Eg)t(gm; mg 0.61:0.01  0.74:0.03"*55  0.68+0.01%*%5  0.62:0.02*  0.630.01**  1.05:0,03*

Note: SOD: Superoxide dismutase; CAT: Catalase; MDA: Malondialdehyde; GSH: Reduced glutathione; NO: Nitric oxide; #: BLM vs. CSS;
*: (FOS, RUT, FOS+RUT and PIR) vs. BLM; *: (FOS, RUT and FOS+RUT) vs. PIR; NOS: Normal; BLM: Diseased; FOS: Forskolin treated; RUT:
Rutin treated; FOS+RUT: Forskolin and rutin treated; PIR: Pirfenidone treated; #*%p<0.05; #**%p<0.01 and ##***%3p<0.001. All values

are given as MeanzSEM, (n=5)
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In general, Hydroxyproline (HYP) content is
considered as a hallmark fibrosis marker and hence
it was analyzed in lung tissues of the experimental
rats. In the lung tissue of BLM group, HYP content
was found noticeably high (p<0.001) as compared
to NOS group, representing marked fibrosis
development post bleomycin instillation. However,
treatment with all study interventions including
forskolin, rutin (as alone) and their combination
in FOS, RUT and FOS+RUT groups, respectively
sufficiently attenuated the lung fibrosis triggered
through bleomycin as the HYP content in lung were
found significantly reduced (p<0.001) in comparison
to BLM group. Moreover, the extent of reduction in
HYP content by individual treatment of forskolin
and rutin in FOS and RUT groups were found to be
not so effective as achieved through standard drug
pirfenidone treatment in PIR group after bleomycin
administration (IT), although, both FOS and RUT
groups showed significantly high (p<0.001) content
of HYP in lung samples. Notably, co-administration
of forskolin and rutin in FOS+RUT group showed
that HYP content was decreased synergistically
and the value was does not differ significantly as
compared to standard drug pirfenidone treated PIR

20+

-
(2]
1

MPO (Uigm tissue)
=

4

Ashcroft score

group after bleomycin challenged as shown in fig.
4(B).

The histopathological changes observed in H&E-
stained slides of different groups are shown in fig. 5.
In NOS group, the lung sections showed regular shape
with normal alveolar architecture, continuous thin
walls with prominent vasculature structures without
any evidence of rupture in wall and no pathological
alterations were observed (fig. 5A). On the other
hand, intratracheal administration of bleomycin in
BLM group led to drastic morphological alteration in
lung including alveolar wall thickening, moderate to
severe hemorrhage and collapsed alveolar space (fig.
5B). However, lung section obtained from FOS and
RUT treated rats presented considerable inhibition of
lung inflammation, comparatively less compromised
alveolar space and irregularity in shapes with slight
septal wall thickening, although some architectural
ruptures were present (fig. SC and fig. 5D). However,
in lung sections received from FOS+RUT and
PIR groups, showed substantial decrease in lung
inflammation along with marked improvement in
alveolar space without septal wall thickening around
the alveolar structures (fig. SE and fig. 5F).
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Fig. 4: Effect of forskolin and rutin on (A) Myeloperoxidase activity (B) Hydroxyproline content (C) Ashcroft’s fibrosis score during PF

Note: NOS: Normal saline treated group; BLM: Bleomycin treated group; FOS: Forskolin treated group; RUT: Rutin treated group; FOS+RUT:
Forskolin and rutin treated group; PIR: Pirfenidone treated group; #p<0.001 BLM vs. NOS; ***p<0.001 (FOS, RUT, FOS+RUT and PIR) vs.
BLM; %%%p<0.001 (FOS and RUT) vs. PIR. All values are given as mean+SEM, (n=5). All values are given as mean+SEM for n=5. Statistical analysis
was executed through 1-way ANOVA post-hoc Tukey-Kramer’s multiple comparisons assessment.
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2 Nlormal Saline (NOS)

Fig. 5: Effect of forskolin and rutin observed in photomicrograph of H&E-stained lung sections (100X magnification)

Through scoring in the lung section received from
the animals of BLM group, showed development of
critical lung inflammation as the high alveolitis score
was obtained, which showed statistically highly
significant (p<0.001) in comparison to NOS group.
However, after treatment with study interventions in
FOS, RUT and FOS+RUT subsequently lowered the
alveolitis score in lungs. Moreover, both FOS and
RUT groups, showed significantly high (p<0.01 and
p<0.05, respectively) alveolitis score as compared
to PIR group. Particularly, co-administration of
forskolin and rutin in FOS+RUT group offered
obvious declined alveolitis score with no significant
difference as compared to pirfenidone treated PIR
group as shown in fig. 6.

Fibrillar collagen deposition is considered as an
indicator of lung fibrosis normally visualized in
purple color after MT staining. MT-stained slides
of different groups are depicted in fig. 7. MT-
stained lung section obtained from NOS group
presented ideal architecture of lung with no traces of
collagen deposition (fig. 7A). However, microscopic
examination of lung section received from BLM
group revealed distorted architecture including
increased thickening of alveolar septa, excess of
collagen deposition and fibroplasia were observed
(fig. 7B). Individual treatment with forskolin and

July-August 2023

rutin in FOS and RUT groups, respectively, promptly
attenuated fibrotic changes and collagen deposition
as developed after bleomycin instillation (IT).
However, architectural alteration in lung sections
of FOS and RUT groups, were extended between
mild to moderate degree of septal wall thickening
and collagen deposition at interstitial spaces (fig.
7C and fig. 7D). Moreover, treatment with co-
administration of forskolin and rutin in FOS+RUT
group and pirfenidone in PIR group, were observed
to be markedly decreases collagen deposition and
fibrotic changes and also maintained the intact
blood vasculature without septal wall broadening
and retained the normal alveolar structures (fig. 7E
and fig. 7F). All these data supported the view that
combination treatment of forskolin and rutin provided
an impressive impact almost similar to pirfenidone
treated group, in limiting the pathological condition
and collagen accumulation as well as architectural
lung damage during bleomycin triggered PF in rats.

When Ashcroft’s fibrosis scoring was conducted
for the lung section pertained to different study
interventions, BLM group presented maximum
fibrotic score and was found significantly high
(p<0.001) in comparison to NOS group. However,
FOS, RUT and FOS+RUT group produced significant
reduction (p<0.001) in fibrosis score as compared

Indian Journal of Pharmaceutical Sciences 929
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to the result obtained in BLM group. Moreover,
individual treatment with forskolin and rutin in
FOS and RUT groups, fibrotic score was found to
be significantly high (p<0.001) as compared to
pirfenidone treated PIR group. Noticeably, fibrotic
score recorded in the lung sections obtained from
the FOS+RUT group was found to be apparently
decreased and the obtained result of fibrotic score
was observed statistically comparable to PIR group.
The Ashcroft quantitative pathological fibrotic score
related to all study interventions and their statistical
comparisons are shown in fig. 4.

In TB-stained lung sections, mast cells were
prominently observed in round shape with reddish-
purple color and quite detectable due to clear
contrast with blue background as shown in fig. 8. In
the current study, lung section obtained from NOS

Alveolitis score

Fig. 6: Effect of forskolin and rutin on Szapiel's alveolitis score during PF

group, presented absence of mast cell (fig. 8A) in
lung parenchyma without any sign of inflammatory
condition. However, fibrotic lung parenchyma
related to BLM group, showed significant increase
in the MC__  score (fig. 8B), which suggested that
maximum inflammatory condition was developed.
Moreover, individual treatment of forskolin and
rutin in FOS and RUT groups, both were found to be
deficient to reduce the MC,_  score (fig. 8C and fig.
8D) in lung parenchyma of bleomycin pre-treated
rats. Besides, combination treatment in FOS+RUT
group showed profound restriction to mast cell
migration and accumulation in lung parenchyma even
more than that presented by pirfenidone treatment
in PIR group (fig. 8E and fig. 8F), possibly due to
potentiation of anti-inflammatory effect due to their

co-administration.

H:

Note: NOS: Normal saline treated group; BLM: Bleomycin treated group; FOS: Forskolin treated group; RUT: Rutin treated group; FOS+RUT:
Forskolin and rutin treated group; PIR: Pirfenidone treated group; #p<0.001 BLM vs. NOS; ***p<0.001 (FOS, RUT, FOS+RUT and PIR) vs.
BLM; %p<0.01 FOS vs. PIR and *p<0.05 RUT vs. PIR. All values are given as meantSEM, (n=5). All values are given as mean+SEM for n=5.
Statistical analysis was executed through 1-way ANOVA post-hoc Tukey-Kramer’s multiple comparisons assessment

Saline (NOS)

d

F. Pirfenidm; (PIR)

Fig. 7: Effect of forskolin and rutin observed in photomicrograph of MT-stained lung sections (100X magnification)
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Fig. 8: Effect of forskolin and rutin observed in photomicrograph of TB-stained lung sections (400X magnification)

In microscopic examination of TB-stained lung
sections, BLM group exhibited significantly
increased (p<0.001) in MC_ score in comparison to
NOS group. However, treatment with forskolin and
rutin as alone and their combination in FOS, RUT and
FOS+RUT groups, respectively caused significant
decrease (p<0.001) in MC,  score as compared
to BLM group. Moreover, individual treatment
with forskolin and rutin in FOS and RUT groups,
respectively, after bleomycin instillation reflected
that MC_ = score was remained significantly high
(p<0.001 and p<0.05, respectively) as compared
to standard drug pirfenidone treated PIR group.
Interestingly, the MC,_ score obtained in FOS+RUT
group was drastically decreased and the result
demonstrated that co-administration of forskolin
and rutin could diminished mast cell aggregation
more effectively than that manifested by PIR group.
MC, ., scores related to all study interventions are

shown in fig. 9.
PF is a lung disease categorized by persistent
worsening and irreversible condition, intact with
fibroblasts and myofibroblast disarray and over
production of Extracellular Matrix (ECM), occurs
through aberrant AECs injuries, ECM re-modelling,
uncontrolled fibroblast activation, proliferation and
differentiation into myofibroblast, which ultimately
July-August 2023
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causes lung dysfunction and leads to death.

In clinical practice, change in body-weight is usually
considered as significant measurable parameter
for the assessment of prognosis in PF patients,
because continuous body-weight loss is an important
characteristic of PF progression®®. In this view,
percent change in body-weight with respect to initial
value was recorded in all study groups. It was observed
that instillation of bleomycin (IT) caused drastic
reduction in body-weight, particularly during lst w
after administration. However, forskolin and rutin
co-administration presented an ability to manage the
body-weight loss during PF as effectively as implied
by standard drug pirfenidone treatment. Similarly,
L/B ratio provides an idea about the severity of PF
condition and reflects the extent of inflammation in
lungs!. According to this, L/B ratio was calculated
for each group, and it was found that the value of L/B
ratio differs significantly between disease and normal
control groups. However, individual treatment with
forskolin or rutin assisted in lowering the lung
inflammation, although unconventional reduction
in L/B ratio was found with the forskolin and rutin
combination treatment and the L/B ratio value
showed no significant difference with standard drug
pirfenidone effect in rats.

931



www.ijpsonline.com

N

=3

o
1

-

«a

(=}
1

504

Mast cell population score
N
(=]
o
1

o
I

Fig. 9: Effect of forskolin and rutin on total mast cell population score during PF

Note: NOS: Normal saline treated group; BLM: Bleomycin treated group; FOS: Forskolin treated group; RUT: Rutin treated group; FOS+RUT:
Forskolin and rutin treated group; PIR: Pirfenidone treated group; #p<0.001 BLM vs. NOS; ***p<0.001 (FOS, RUT, FOS+RUT and PIR) vs.
BLM; %%5p<0.001 FOS vs. PIR and *p<0.05 RUT vs. PIR. All values are given as mean+SEM for n=5. Statistical analysis was executed through

1-way ANOVA post-hoc Tukey-Kramer’s multiple comparisons assessment

A lung function defect, directly affects physical
activities and subsequently causes exercise
constraint due to dyspnea, which is the most
perceptible and devastating symptom of PFP.
Also, the compromised lung function associated
with PF condition are usually assessed through
6-MWT in a clinical setup, as the individual exercise
performance considerably decreases corresponding
to the severity of PF!".. Similarly, in this study the
rundown exercise performance due to severity of
PF condition was assessed by EPT (analogous to
6-MWT) in individual animal of each group. It was
found that bleomycin administration (IT) drastically
reduced the EPT value in experimental rats.
However, individual treatment with forskolin or rutin
uplifted the exercise performance to some extent in
bleomycin pre-treated rats. Notably, forskolin and
rutin combination treatment substantially improved
EPT value statistically equivalent to standard drug
pirfenidone treatment as demonstrated by individual
rats.

Alteration in the integrity of alveolar-capillary
membrane normally affects gaseous exchange
process in lungs?’. Correspondingly, reduction
in functionality or insufficiency of lung reflects
lowering in SpO,-level due to decline gaseous
exchange activity?®. Therefore, the determination
of SpO,-level in blood could be considered as an
important indicator to evaluate the lung efficiency in
regards to gaseous exchange ability. Also, a previous
study reflected that IT instillation of bleomycin,
decreases the oxygen saturation content in ratsi%,
In current study, similarly it was observed that lung
insult through bleomycin administration significantly
reduced the SpO_-level in rats. However, individual
treatment with FOR and RUT, showed slight
improvement in SpO,-level in bleomycin pre-treated
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rats. Importantly, their combination treatment was
found quite effective and enabled to improve the
SpO,-level with almost same extent as served by
standard drug pirfenidone treatment in this study.
Infiltration of leukocyte in BALF, reveals the degree
of activation of inflammatory responses and in turn
inflammatory cells migration.

Estimation of tissue injury markers in BALF is
important tools to evaluate the progression of
PF condition as they directly reflect the disease
severity. In previous studies LDH, CK, ALP and
TP are identified and measured as important early
markers of lung tissue injury?*?¥, The obtained
results related to lung injury markers in this study,
showed all study treatments including forskolin and
rutin and their combination as well as standard drug
pirfenidone were served to decrease these elevated
lung injury markers in BALF after intra-tracheal
bleomycin administration. However, in comparison
to pirfenidone, all assessed lung injury markers were
found to be markedly high after forskolin or rutin
administration. Both, individual treatments were
attributed less efficacy to entirely controlled all these
elevated parameters post bleomycin instillation
(IT). Interestingly, forskolin and rutin combination
treatment synergistically qualified to lowered all the
lung injury markers and showed efficacy equivalent
to pirfenidone treatment in bleomycin challenged
rats.

Interaction of several cytokines develop a complex
network, which may involve in the pathogenesis
of PF®U. In previous studies, various researchers
measured the TNF-a level in BALF as an important
cytokine due to its critical role in the process of
inflammation as well as fibrosis activity and also
having potency to excite collagen synthesis by
activating latent growth factors (Transforming
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growth factor TGF-) and fibroblasts proliferation*?!.
Therefore, in this study the TNF-a level was estimated
in bleomycin-triggered PF condition as well as after
treatment with forskolin and rutin in rats. Where,
the results showed that after bleomycin instillation
a significant increase in TNF-a level was occurred.
However, individual treatment of forskolin or rutin
qualified to suppress the TNF-a, although, their co-
administration provided advance efficacy against
bleomycin-triggered PF and produced comparable
result as presented by pirfenidone treatment in rats.
Besides, these alterations associated to PF, forskolin
and rutin combination treatment also presented
synergistic effect and offered additive efficacy which
were found statistically comparable to standard drug
pirfenidone treatment in modulation of bleomycin-
triggered oxidative-stress, inflammation and fibrosis
in lungs.

Practically, bleomycin-triggered PF  showed
predominant inflammatory phase initially
characterized by increased inflammatory cells
accumulation and their pro-fibrotic mediators release
and enhanced oxidative-stress, which ultimately
leads to lung parenchymal injury post bleomycin
instillation in rodents. Post inflammatory phase a
fibrotic condition normally develops as secondary
phase within next 2 w, which is categorized by
excess ECM deposition and leads to development of
fibrosis in lungs™®!. In this study, bleomycin altered
the lung morphology with excess of inflammatory
cells infusion within interstitial space around the
alveoli, thickening of septal wall in peri-bronchial
and peri-alveolar area and extreme reduction in
alveolar spaces within lungs (fig. 5). Also, instillation
of bleomycin (IT) caused intense collagen deposition
within interstitial spaces and subsequently collapsed
alveolar walls are seen in the lung parenchyma (fig. 7).
However, treatment with forskolin or rutin as alone,
sufficed to reduce the lung damaging process, but
their combination treatment significantly lessened the
collagen deposition within interstitial spaces, which
indicates its shielding effect against bleomycin-
triggered PF. Moreover, anti-inflammatory and
antifibrotic action of combination treatment was
found to be quite significant as reflected by Szapiel’s
alveolitis (fig. 6) and Ashcroft’s fibrosis scores (fig.
4C), respectively.

In general, various pro-fibrotic mediators are chiefly
stored in mast cells and profoundly releases upon
activation during cellular injuries and through
chemoattractant activity, the population of mast
July-August 2023

cell characteristically enhances at the site of injury.
Besides, many researchers anticipated that mast cell
act as main effector cell and may be involved in
the pathogenesis of inflammatory lung diseases!!”.
Similarly, previous study showed that during lung
fibrotic condition, number of mast cell upsurges
and consequently instigates fibrosis by the release
of histamine, renin and growth factors locally!®.
A previous study suggested that estimation of mast
cell population in lung parenchyma could be used
as distinct and important investigational tool for the
histopathological study in PF. Alterations in MC,_|
score with increase in numbers, indicates enhanced
inflammatory condition of the lung and also
specifies the degree of tissue remodeling as well as
functionality of lung!*?l. Thus, assessment of MC,_ |
scoring was carried out in this study. Where, the
combination treatment of forskolin and rutin executed
synergistic inhibition of mast cell aggregation in lung
tissues, reflected extensive control over activation of
inflammatory responses after bleomycin instillation
(IT). This study also revealed the facts about
involvement of mast cell in the development of PF,
as highest score of MC_  was observed in disease
control (BLM) group. Therefore, the anticipated role
of mast cell for the development of PF has been quite
confirmed. Henceforth, aiming to decrease the mast
cell aggregation in lung may be considered as an
effective strategy in preventing the PF progression.
Overall, efficacy of forskolin and rutin combination
against PF showed promising potential and hence
would contribute in the development of a novel
effective treatment regimen in future.
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