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Abstract

Background and objectives: Semisolid oral preparations (Avaleha) are used in Ayurvedic therapeutics. The problems with
these preparations include a bitter taste and the use of a sugar base. Here, we aimed to modify the semisolid Vasavaleha (VA)
preparation to an oral solution (syrup) and to observe the efficacy of the VA syrup on patients with bronchial asthma.

Methods: VA syrup was prepared by dissolving the water-soluble extracts of Adhatoda vasica leaves and Piper longum fruits in
purified water; sorbitol solution and honey were used as sweeteners. Organoleptic tests as well as pH, specific gravity, and
viscosity measurements were performed. Liquid chromatography-mass spectrometry analysis of the VA syrup was carried out
using an Agilent UHPLC-MS/Q-TOF (6545) system coupled with a Dual AJS ESI source. An open-label clinical trial of the VA
syrup was performed on 13 patients with bronchial asthma at a dose of 10 mL (oral, twice a day) for 30 days.

Results: The prepared VA syrup was brown in color and sweet in taste. The pH, specific gravity, and viscosity of the prepared
VA syrup were 7.52, 1.10, and 1.922, respectively. Piperine, piperdardine, vasicine, vasicol, vasicinol, and vasicinone were de-
termined to be the major phytochemical compounds. This preparation significantly improved all clinical symptoms of asthma
and lung function test results in patients with bronchial asthma. It had mucolytic, bronchodilator, and anti-allergic properties.
It had no adverse effects at the indicated dose.

Conclusions: The oral solution (syrup) might be an effective alternative for Ayurvedic semisolid preparations. The VA syrup
may be taken as an alternative for VA as it was found to be an effective formulation for the management of bronchial asthma.

Introduction tions are mentioned in Ayurveda for the management of diseases.
In addition, different dosage forms are described in the texts of
Ayurveda for the preparation of these formulations. Some dos-
age forms are crude, such as juice, decoction, powder, and others;
while some are modifications of these crude forms. The modifica-
tions are made to increase the stability period and to improve the
palatability.! The preparation of semisolid confections, process-
ing with oleaginous materials, and fermentation are some of the

Ayurveda, the age-old medicine system of India, is a treasure of
knowledge of diseases and their management. Various formula-
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lence of asthma in different countries varies widely, but the dispar-
ity is narrowing due to its rising prevalence in low- and middle-
income countries and its plateau in high-income countries.? It is
expected that there will be at least 400 million asthmatic patients
by 2030 due to this increasing prevalence.*

Asthma is considered as a syndrome rather than simply a dis-
ease due to the involvement of various phenotypes. It is a chronic
airway inflammatory syndrome with obstruction of airways, in-
flammation of the airway including the airway eosinophilia, mu-
cus hypersecretion, airway hyper-responsiveness, and remodeling
of airways. The increased rate of its prevalence may be because
of changes in lifestyle, rapid industrialization, increase in air pol-
lution, etc. Common risk factors for asthma include exposure to
allergens (such as those in the workplace, house dust, mites, ani-
mal fur, cockroaches, pollens, and mold), occupational irritants,
tobacco smoke, respiratory infections, food allergies (such as milk,
peanuts, and eggs), and psychological stress. With regard to the
etiology of this inflammation, immunoglobulin E-mediated hyper-
sensitivity to airborne allergens has been shown to play an impor-
tant role in up to 90% of children and 60% of adults with asthma.’

Shwasa Roga is a disease described in Ayurveda related to the
respiratory system. The word Shwasa indicates both the physi-
ological and pathological state of respiration. There are five types
of Shwasa Roga, and all the types indicate respiratory distress.
Tamaka Shwasa is one of the types of Shwasa Roga. The signs,
symptoms, and etiopathogenesis of bronchial asthma explained in
modern medicine have a lot of similarities with the disease Tamaka
Shwasa.®

Many medicines are mentioned in the Ayurvedic system of medi-
cine for the treatment of Tamaka Shwasa (asthma). VA is one such
medicine that is extensively used in the Ayurvedic system of medi-
cine for the treatment of asthma.” Many research studies have been
carried out to assess the effect of VA on patients with asthma, and
all of them have established that VA is an effective medicine for the
treatment of bronchial asthma.®® Suryavanshi et al. have reported
that VA exhibited significant improvement in the clinical symptoms
of chronic bronchitis and the lung function test results (forced ex-
piratory volume in one second (FEV,) and peak expiratory flow
rate).!” Furthermore, Raina has reported that VA improved all of the
clinical parameters of bronchial asthma and reduced the eosinophil
count significantly after six weeks of treatment.'! Considering these
studies, it is inferred here that VA is an evidence-based medicine for
the treatment of patients with bronchial asthma.

The problems with VA are that it is semisolid in nature with a
bitter taste and is prepared in a sugar base. Sometimes, it is diffi-
cult for children and patients with diabetes mellitus to take VA due
to its taste and the presence of sugar. Here, we aimed to modify the
semisolid form of VA to an oral solution (syrup) and to observe the
efficacy of VA syrup on patients with bronchial asthma. This clini-
cal trial has been registered at the Clinical Trial Registry of India,
and the registration number is CTR1/2021/04/032713.

Materials and methods

Pharmaceutical study of the test drug

The VA syrup was prepared at the Rasashastra Laboratory of the J.
B. Roy State Ayurvedic Medical College & Hospital, West Bengal,
India. The ingredients of VA have been reported to be decoction
of Adhatoda vasica leaves, Piper longum powder, honey, ghee,
and sugar candy.!? A total of 500 g of A. vasica leaves, 35 g of P
longum fruit powder, 125 g of honey, and 500 g of sugar candy
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are required for the preparation of 1 kg of VA. For the preparation
of one liter of VA syrup, the water-soluble extracts of 500 g of A4.
vasica leaves and 35 g of P. longum fruits, 125 g of honey, and 200
mL of sorbitol solution (70%) were used. Potassium sorbate was
used as a preservative. A quantity of sufficiently purified water was
used to make the total volume 1,000 mL.

A. vasica leaves and dry P. longum fruits were collected from
Kolkata market, India. The leaves and fruits were identified by
the botanists of the J. B. Roy State Ayurvedic Medical College &
Hospital; the specimen samples were deposited in the department.
Suffola honey (Marico India, Mumbai, India), sorbitol solution
(Gulshan Polyols Limited, Delhi, India), and potassium sorbate
(Gujarat Enterprise, Gujarat, India) were purchased from Kolkata
market, India.

The water-soluble extracts of A. vasica leaves and P. longum
fruits were prepared in a Soxlet apparatus. The extracts were dried
in a hot water bath. The obtained extracts were dissolved in puri-
fied water, then honey and sorbitol solution were added, and the
solution was mixed properly. Finally, preservative was added and
mixed. The prepared syrup was stored in an amber-colored glass
bottle, and it was used for the clinical trial.

Analysis of VA syrup

The organoleptic test of the VA syrup preparation was performed
using the sense organs. The pH of the prepared VA syrup was
measured by a digital pH meter. The specific gravity of the pre-
pared syrup was determined by using a 50-mL density bottle. The
viscosity was evaluated by using Ostwald’s viscometer.

Liquid chromatography-mass spectrometry (LCMS) analysis of
the VA syrup

For LCMS analysis, an aliquot of 0.5 mL of the VA syrup was
diluted to 10 mL with water and then filtered through a 0.22-pm
syringe filter. Samples were analyzed on an Agilent UHPLC-
MS/Q-TOF (6545) system coupled with a Dual AJS ESI source
and supported by a Mass Hunter Workstation. An Agilent Eclipse
Plus C18 column (100 mm % 2.1 mm, 1.8 pm) was used. The col-
umn oven temperature was set to 40°C. The gradient program for
the mobile phase of 0.1% formic acid (solvent A) and acetonitrile
(solvent B) was as follows: 0 min, 20% B; 10 min, 20% B; 25.00
min, 30% B; 25.10 min, 95% B; 30.00 min, 95% B; 35.00 min,
5% B; 45.00 min, 5% B maintained for 5.00 min. The flow rate of
the mobile phase was 0.5 mL-min~!, and the injection volume was
10 pL. The Dual AJS ESI source was set in positive and negative
ionization modes. The instrument parameters were as follows: gas
temperature, 320°C; gas flow rate, 12 L/min; nebulizer pressure,
40 psi; sheath gas temperature, 350°C; and sheath gas flow rate,
11 L/min. The following scan source parameters were used: Capil-
lary Voltage, 4,000 V; nozzle voltage, 1,000 V; Fragmentor, 140 V;
Skimmerl, 65 V; Octopole RF Peak, 750 V with 0 collision energy.

Patients

Patients suffering from bronchial asthma attending the Out-patient
Department or admitted to the In-patient Department of the J. B.
Roy State Ayurvedic Medical College & Hospital, Kolkata, West
Bengal, India, were included in this study, irrespective of their sex
and religion. Before commencement of the clinical trial, ethics ap-
proval was obtained from the Institutional Ethics Committee, J. B.
Roy State Ayurvedic Medical College & Hospital (Ref. No. JBR/
IEC/04/2019 dated 04/06/2019).

The inclusion criteria for the patients in this study were as fol-
lows: aged 16-70 years old; had a physician diagnosis of bron-
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Fig. 1. Total ion chromatogram of the Vasavaleha syrup formulation in positive ionization mode. A total of 39 peaks were observed. The details of the

peaks are listed in Table 1.

chial asthma; and had a current prescription for an asthma drug.
A detailed history of the patients was taken, including isolated
wheezing, wheezing with dyspnea, exercise dyspnea, wheezing in
the absence of cold, nocturnal chest tightness, nocturnal cough,
nocturnal dyspnea, chronic phlegm production, and chronic cough.

The exclusion criteria for the patients in this study were as fol-
lows: patients suffering from dyspnea resulting from other diseas-
es such as left ventricular failure, chronic obstructive pulmonary
disease (chronic bronchitis, emphysema), or upper respiratory
tract obstruction; patients with anemia, pneumonia, tuberculosis,
lung cancer, lung abscess, or other such complicated conditions;
patients suffering from diabetes mellitus, hypertension, or immu-
nodeficiency disease; and women who were pregnant or lactating.

Experimental design

Thirteen patients with bronchial asthma were selected and were
treated with VA syrup orally at a dose of 10 mL, twice a day (BID).
The treatment schedule was continued for four weeks (28 days).
The patients were followed up for the next four weeks. The pa-
tients were examined physically and pulmonary function tests by
spirometry were done on the 1%, 15% and 29" days of the study.
The patients were advised to avoid aggravating factors of asthma
such as curd, cold drinks, tobacco chewing and smoking, alcohol,
excessive physical work, day sleep, and exposure to dust, smoke,
pets, and pollens. The patients were advised to drink lukewarm
water after meals and at bedtime. They were also advised to eat a
light diet, perform breathing exercises such as Pranayama, use a
mask while working, and avoid exposure to dust and smoke.

Study protocol

The patients were evaluated by observing the improvement in the
signs and symptoms of bronchial asthma; for example, improve-
ment in isolated wheezing, wheezing with dyspnea, exercise dysp-
nea, wheezing in the absence of cold, nocturnal chest tightness,
nocturnal cough, nocturnal dyspnea, chronic phlegm production,
and chronic cough was observed.

The evaluation also included the monitoring of lung functions,
i.e., FEV,, the forced expiratory vital capacity (FVC), the FEV /
FVC ratio, and the peak expiratory flow rate, in all of the patients
before and after treatment.
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Statistical analysis

At the end of the study, the treatment effects were compared before
and after treatment. The results of the objective parameters were
analyzed by applying the paired Student’s t-test. The results of the
subjective parameters were analyzed by applying the Wilcoxon
Rank test. A p-value <0.05 was considered statistically significant.
The statistical results were noted and interpreted accordingly.

Results

Test drug preparation

From 500 g of 4. vasica leaves, 39.178 g of water-soluble extract
was obtained. From 35 g of P. longum dry fruit, 3.001 g of wa-
ter-soluble extract was obtained. The obtained extracts, 125 g of
honey, and 200 mL of sorbitol solution (70%) were dissolved in
735 mL of purified water to prepare 1,000 mL of VA syrup. As a
preservative, 5 g (0.5%) of potassium sorbate was added. 500 mL
of prepared syrup was filled in an amber-colored glass bottle and
was prescribed to the patients.

Analytical study

The prepared VA syrup was brown in color and sweet in taste with
a slight bitter aftertaste; in addition, it had a characteristic odor.
The pH of the prepared VA syrup was 7.52; the specific gravity of
the prepared syrup at room temperature was 1.10; and the viscosity
of the syrup was calculated as 1.922.

LCMS analysis

To characterize the VA syrup formulation, a reliable UPLC/Q-
TOF-MS method was established. As a result, a total of 39 com-
pounds were identified in the positive ion mode (Fig. 1). The com-
pounds along with their scores and areas are listed in Table 1.

Clinical study

Out of the 13 patients registered in this study, 11 patients had com-
pleted the treatment schedule. Overall, 58% of the patients were
male, 42% of the patients were female, 33% of the patients were
working men, 25% of the patients were working women, 25% of
the patients were students, and 17% of the patients were house-
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Fig. 2. Effects of the test drug on lung function parameters. The effects on all parameters were found to be statistically significant (*p < 0.05; *p < 0.01).

wives.

The results of the lung function tests are depicted in Figures
2 and 3. The data reveal that the lung function was improved in
the patients after treatment with the VA syrup. All of the param-
eters of the lung function test, i.e., FEV,, FEV,%, FVC, and peak
expiratory flow rate, were improved after 28 days of treatment.
Importantly, all of the results were found to be highly significant
(p <0.01) after treatment compared to before treatment.

The results of the clinical signs are shown in Figure 4. All of the
subjective parameters of bronchial asthma were also improved,
with high significance. Breathlessness, tachypnoea, wheezing,
cough, expectoration, and chest tightness were reduced after 28
days of treatment with the VA syrup. All of the data were found
to be highly statistically significant compared with the data before
treatment.

The primary outcome of the clinical trial was significant im-
provement in the signs and symptoms of bronchial asthma and
lung function parameters in the patients with bronchial asthma.
The secondary outcome was that the overall health condition of
all of the patients was improved after treatment. Moreover, the
exploratory outcome of this trial was that no asthma exacerbation
was observed in the patients during the follow-up period of 28
days. Furthermore, no adverse drug reaction of the test drug was
noticed during the treatment schedule.
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Fig. 3. Effect of the test drug on the forced expiratory volume percent-
age. The effects were found to be highly significant after 15 days and 30
days of treatment (**p < 001).
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Discussion

VA is semisolid in consistency and is sweet and bitter in taste.
The bitter taste of VA was successfully masked in the prepared VA
syrup; and it was nonviscous and palatable in nature. Children and
diabetic patients can take the VA syrup easily due to palatability
and the absence of sugar. The pH of the preparation fell within the
normal range (pH 3-8) for oral solutions.'® The specific gravity
(1.10) and viscosity (1.922) of the prepared VA syrup were similar
to those of 50% (w/v) sucrose solution.!*

Two sweetening agents, sorbitol and honey, were used in the
VA syrup preparation; yet it has been claimed that this preparation
can be taken by patients with diabetes mellitus, since both of these
agents are designated for people with diabetes mellitus. Sorbitol
is a hydrogenated monosaccharide; it acts as a sweetener as well
as a thickener. It has noncariogenic properties and is indicated to
patients with diabetes mellitus as a sugar-free agent.!> Research
studies on honey have reported that honey has a hypoglycemic ef-
fect and that it may be used as a potential antidiabetic agent.!®

The LCMS analysis suggested the presence of piperine, piper-
dardine, vasicine, vasicol, vasicinol, and vasicinone as the major
phytochemical compounds in the prepared VA syrup. 4. vasica
leaves and P. longum fruits were two major components in the VA
syrup formulation. Piperine and piperdardine are the active prin-
cipal compounds of P. longum; vasicine, vasicol, vasicinol, and
vasicinone are compounds of 4. vasica. These compounds are wa-
ter soluble and have specific pharmacological activities. Vasicine,
vasicinone, and piperine have been reported to be present in VA.!7
The presence of these bioactive compounds in the VA syrup prepa-
ration indicates that the VA syrup could be an alternative for VA.

VA is prescribed at 10 g, BID orally; the same dose schedule (10
mL, BID) was followed for the VA syrup. The test drug exhibited
significant improvements in all of the clinical parameters and lung
function test results in the present study. The obtained results were
due to the presence of two main ingredients of the test drug, i.e., A.
vasica leaves and P. longum fruits. The bioactive compounds pre-
sent in the test drug were vasicine, vasicinone, vasicinol, piperine,
and others. Vasicine and vasicinone have bronchodilator effects;
and vasicine causes respiratory stimulation. Both of these alkaloids
have been reported to inhibit serotonin and histamine as well as to
have anti-inflammatory, mucolytic, and expectoration properties.'8
In addition, 4. vasica is reported to induce a significant bronchodi-
lator response.'® Meanwhile, piperine has an anti-inflammatory ef-
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Cough Expectoration  Chest tightness
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Fig. 4. Effects of the Vasavaleha syrup on the signs and symptoms of asthma patients. Significant improvements were observed for all of the signs and

symptoms (*p < 0.05; *p < 0.01).

fect; it inhibits interleukin-6 and matrix metalloproteinase 13 as well
as reduces the production of prostaglandin E2.20 Piperine is also an
anti-allergic agent. It inhibits the release of histamine, immunoglob-
ulin E, interleukin-6, and interleukin-1B8.2! Furthermore, piperine
has been reported to be an effective bio-enhancer of drugs; it inhibits

N Iy ®

P-glycoprotein and cytochrome P3A4, thus enhancing the bioavail-
ability of drugs.?? A study on P. longum syrup reported a stable, safe,
and effective herbal syrup preparation; moreover, it provided quick
and significant relief from cough.?? A possible mechanism of action
of VA syrup on bronchial asthma is presented in Figure 5.

o
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Fig. 5. Schematic diagram of the possible mechanism of action of the Vasavaleha syrup.
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The limitation of the present study is that it was carried out on a
pilot basis by incorporating a small sample size of only 11 patients.
It is suggested that phase I-1V clinical trials of the VA syrup prepa-
ration on patients with bronchial asthma are conducted. However,
a phase-III randomized controlled clinical trial will be the next step
of this research project.

Conclusion

Modification of the Ayurvedic dosage forms is needed specifical-
ly to improve palatability. The oral solution (syrup) is a possible
modification of Ayurvedic semisolid dosage forms. The VA syrup
may be taken as a significant alternative for VA as it was found
to be an effective formulation for the management of bronchial
asthma at a dose of 10 mL BID. It significantly improved all of
the clinical symptoms of asthma and the lung function test results
of patients with bronchial asthma. It also demonstrated mucolytic,
bronchodilator, and anti-allergic effects. Importantly, it had no ad-
verse effects at the indicated dose.
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