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Abstract: Liquisolid approach is a potential method due to the ease in the production process, low cost,
and manufacturing process because of their strong flow and compaction properties. The study's main
goal is to create a liquisolid powder formulation from the polyherbal extract and evaluate its anti-
inflammatory activity. Hibiscus cannabinus, Murraya koenigii, and Tabernaemontana divaricate are
used to formulating polyherbal Liquisolid powder formulation to assess their anti-inflammatory action.
The formulation is tested for its stability studies and anti-inflammatory activity, both in-vitro and in-
vivo. The polyherbal liquisolid powder formulation (F5) has a minimum strength of 1kg/cm 2, while F2
& F6 strength was 4 kg/cm?; FTIR studies showed no interactions between drug and excipients. To
confirm the liquisolid powder formulation, further evaluations on friability, hardness, disintegration
time, dissolution rate, and Differential scanning calorimetry and X-ray powder diffraction analysis were
determined. The polyherbal extract's anti-inflammatory activities were evaluated using the paw edema
and cotton pellet method, and the results are found to exhibit its inhibitory activity. The polyherbal
extract of Liquisolid powder formulation was evaluated, and it showed a promising inhibitory activity
to overcome the inflammation in the test species. Hence it can be used as an alternative therapy for
curing inflammation.

Keywords: Hibiscus cannabinus; Murraya koenigii; Tabernaemontana divaricate; polyherbal
extracts; liquisolid powder formulation.
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1. Introduction

The peroral route is found to be the most suitable route of administration and possesses
a cost-effective nature. The low solubility of drugs is absorbed slowly by the Gastrointestinal
Tract (GIT) due to its passive absorption [1]. The liquisolid technology increased the
dissolution rate, the flow rate of poorly soluble drugs by compressing solid substances using
carrier and coating material [2].

Liquisolid systems contain a non-volatile liquid, water-miscible carrier, solid particles,
and selected excipients to prepare any given polyherbal formulations. In a given porous carrier
material, a liquid and drug suspension is acceptable for preparing formulation where a non-
volatile liquid vehicle is included [3]. When the liquid film is formed on the particle's surface,
it gets adsorbed immediately due to its nature. This produces a dry, free flow and compressible
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powder. Besides the increase in drug release, the liquisolid approach is promising due to its
ease in production, low costs, and strong flow properties [4, 5].

Hibiscus cannabinus L. is a quick groove, woody, and herbaceous annual Malvaceae
family plant, commonly known as "Kenaf" in the western world. The plant has many
conventional applications, including hepatoprotective [6], hematinic activity [7], lowering
cholesterol [8], and antioxidant properties [9]. Commonly Murraya koenigii is known as ‘curry
patta’ used in India and other tropical countries as a spice and condiment [10]. Traditionally,
the plant is used as a stimulant for diarrhea therapy, dysentery, stomach ache, febrifugal, and
analgesic activity. The herb is commonly distributed in Asia is Tabernaemontana divaricate
L. and belongs to the Apocynaceae family. It is used to treat bacterial, fungal, parasitic, and
inflammatory diseases in conventional medicine in many Asian countries [11, 12].

Nowadays, herbal medicine has become more critical because of its potential
therapeutic effects with fewer adverse effects. Many plants have medicinal values with
negligible adverse effects and should be researched extensively to determine their therapeutic
effects and their molecular mechanism for safe use [13]. The selected plants used in the analysis
are traditionally used for different therapeutic effects such as anti-inflammatory, antipyretic,
and analgesic activity. Further, the plants' polyherbal extract was prepared and evaluated by
formulating a Liquisolid Powder Formulation for determining their synergistic activity [14,
15].

2. Materials and Methods

2.1. Plant material.

The plant's materials chosen for the analysis are Hibiscus cannabinus, Murraya
koenigii, Tabernaemontana divaricate. These plants’ leaves were collected from
Visakhapatnam, India, and were authenticated by Dr. M. Venkaiah, professor, Department of
Botany, Andhra University, A.P, India.

2.2. Chemicals and reagents.

All the chemical and reagents used for the study are analytical reagents grade. methanol,
carrageenan, indomethacin sodium, hydrochloric acid, phosphate buffer, span 20, span 80,
propylene glycol, and other reagents were procured from Sun biotech, Hyderabad, Telangana.

2.3. Preparation of the polyherbal extract.

Hibiscus cannabinus (Hc), Murraya koenigii (Mk), Tabernaemontana divaricate (Td),
was collected and shaded under the sun for a week and powdered to 80#, and macerated with
methanol separately. The mixture is well blended and filtered with Whatman Filter Paper No.1
after a week. The filtrate obtained is subjected to vacuum filtration at 43°C for obtaining crude
extracts [16].

2.4. Polyherbal extracts phytochemical screening.

Preliminary phytochemical screening was conducted with standard methods for
determining the phytochemical components in the given extracts [17, 18].
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2.5. Animals.

The male Wistar rats weighing 150-200gm were used for the study with the approval
from Institutional Animal and Ethical Committee, wide number I/IAEC/AGI1/0102019 WR Jor
Q. The animals were fed with standard rat pellets diet, water ad libitum, and were housed at
RH 30-60% with a temperature of 25 + 2 °C.

2.6. Acute oral toxicity studies.

Acute oral toxicity tests for polyherbal extract have been carried out in compliance with
OECD 425 guidelines. The limit test was a sequential test using up to 5 animals with a
bodyweight of 2000 mg/kg body weight. The animals were monitored for toxicities, and signs
of symptoms were studied for 48 hours [19, 20].

2.7. Anti-inflammatory activity (in-vitro screening method).

2.7.1. Method of denaturation of protein.

Polyherbal extracts at different concentrations were denatured by the protein
denaturation process method. The reaction mixture (0.5 mL) consisted of 0.45 ml of Bovine
serum albumin (BSA) /and 0.05 ml poly-herbal extract in various amounts. The samples were
incubated for 30 minutes at 37°C. After cooling the samples, the 2.5 ml of phosphate buffer
saline (pH 6.3) has been taken into each test tube. The turbidity of the samples was monitored
and recorded at 660 nm using a spectrophotometer. 0.05 ml of sterile water was used in place
of extracts which served as control. The inhibitory percentage was determined as per the
following formula [21, 22].

AbsControl—Abstreated X 100
AbsControl
The control was showing 100% denaturation of the protein. The findings were

compared with treated samples of acetylsalicylic acid (250mg/ml).

Percent inhibition =

2.8. Anti-inflammatory activity (in-vivo screening methods).
2.8.1. Carrageenan-induced paw edema test.

The acute anti-inflammatory activity was evaluated by the rat-paw edema method
(111). The test and standard drug formulations were administered orally for all the groups.
After one hour of administration, carrageenan (0.1ml of 1% Normal saline) was injected sub
planter surface on each rat's left hind paw. Labeling was done on hind feet just at the tibiotarsal
junction so that paw volume can be measured by dipping in the mercury column of the
plethysmograph up to the mark. The paw volume was determined by using a plethysmometer.
The paw volume was measured at Ohrs, 1hrs, 2hrs, 3hrs, and 4hrs of intervals, respectively.
Edema volumes in control (\Vc) and test (Vt) treatment groups were determined accordingly
[23, 24]. The percentage increase in paw volume was determined using the following formulae,

% Inhibition= Vc-Vt/Vc x 100

where V¢ = edema volume of control; VVt = edema volume of the test.
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2.8.2. Cotton pellet granuloma test.

The rats were divided into 4 groups of 6 animals each, and the back of the neck was
shaved. Cotton pellets of 10 mg each were sterilized for about 1 hour and inserted
subcutaneously into the rats with light anesthesia on each side of the subcutaneous region. After
cotton pellets had been inserted, all four groups formed were treated orally for 7 consecutive
days. Indomethacin sodium was treated in the normal rats (10mg/kg, body weight). On the 8th
day, ether was used to sacrifice animals, and pellets were dissected and removed. The pellets
were dried at 60°C, and the weight was determined by drying. The difference between the
initial and final weight was considered as the weight of the granulomatous tissue developed
was measured [25, 26]. The proportion of granulomatous tissue formation by inhibition was
calculated according to the following formula

% Inhibition = [1 — Wt/ WCc] x 100
where granulation weight (Wt)- in the treated group; Wc -in the control group.

2.9. Statistical analysis.

The data were expressed as MEAN + SEM. The data obtained were subjected to one-
way variance analysis (ANOVA), followed by the non-test of Dennett.

Polyherbal extracts determination in various non-volatile solvents:

These have been carried out by preparing saturated herbal extract solutions in non-
volatile solvents and were analyzed spectrophotometrically [27]. Saturated solutions were
developed by applying the excess drug to vehicles and shaking them under steady vibration.
The solutions were subsequently filtered and spectrophotometrically analyzed.

2.10. Load factor calculation.

The amount of liquid retained by the carrier and coating materials in a liquisolid system
is dependent on the ratio (R), while preserving proper flow and compressive properties. The
excipient ratio R (R=Q/q) of a powder is defined as the proportion of carrier (Q) weights to
cover material (g) in the formulation. The preparation of a proper flow and compressibility of
the liquisolid system will occur if the maximum amount of liquid retained from the carrier
material is not exceeded. This characteristic liquid quantity is called the liquid load factor (Lf).
The fluid load factor is defined as the liquid medication (W) and carrier powder (Q) weight
ratio of the device, i.e., LF=W/Q). Propylene glycol (liquid drug without medication) is applied
to the 10 g carrier material and blended for about a min to measure the loading factor [28]. The
above process was repeated until a powder was obtained with an appropriate flow rate.

2.11. Solubility studies.

In each vehicle excess, the polyherbal extract was injected into the 2 ml Clicklock
microcentrifuge tubes (Tarsons Products Pvt. Ltd., Kolkata, India), containing 1.5% of the
vehicle for solubility studies. The mixture was vortexed and held at 25°C for 48 h in an orbit
shaking incubator to promote the solubilization process [29, 30] (Remi Elektrotechnik Ltd.,
CIS-2413L, Mumbai, India). The samples were centrifuged to extract the unresolved
medication at 3000 rpm for 15 min. The supernatant was taken, and a UV spectrophotometer
determined the drug concentration.
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2.12. Preparation of liquisolid powder compacts.

The weighted sum of the polyherbal extract was distributed over the measured number
of non-volatile solvents called liquid vehicles. The mixing process was carried out in three
phases as per Spireas et al. [31]. The first was the blend with liquid drug the weighted quantity
of carrier material (Microcrystalline cellulose PH 102) to disperse the liquid drugs uniformly
into the powder. The measured amount of coating material (AEROSIL® 200) was applied to
the device in continuous mortar shredding. Finally, sodium starch glycolate was applied to the
mixture mentioned earlier of super disintegrating agent for 10-20 min and produced the final
liquisolid compact powder formulation compressed using a tabletop pilot scale 10 station rotary
tablet (Rimek mini press-1, M/S Karnavati Engineering Ltd., Gujarat, India).

2.13. Micromeritic properties of prepared liquisolid powder systems pre-compressed.

To examine the Angle of repose (8), a fixed funnel method was used. A weighed
amount of polyherbal extract was transferred from each batch into a graduated cylinder to
detect the bulk and tap density using a USP-I density tester (TD 1025, Lab India Instruments
Mumbai, India). Triplicate studies were conducted. The selected parameters for the analysis of
flow properties were calculated by the following equations.

Bulk Density (po) =  Weight of the powder/volume occupied by sample (ml)
Tapped Density (pt) =  Weight of the powder/tapped volume (Vr)

% compressibility index = [(pr-po) / p] x 100

Hausner’s ratio = ppo

Angle of repose = tan’(h/r)

2.14. Formulation of liquisolid power compacts polyherbal extracts.

Plant leaf extracts of Hibiscus cannabinus, Murraya koenigii, Tabernaemontana
divaricate were taken in the ratio of 1:1:1 and were well blended using a blender. The
Polyherbal formulation is then moved to a sterile container and stored for further use.
Liquisolid compacts were prepared using Tanscutol Hp, propylene glycol, tween 80, tween 20,
methanol, and hydro-alcohol. Polyherbal extracts were formulated into liquisolid compacts
using different quantities in six separate formulations (Table 6).

2.15. Polyherbal formulation post-compression studies for evaluation.

Further evaluation of PHF for thickness (n = 6), hardness (n = 20), friability (n = 20)
and weight variation (n = 20) has been carried out as per Indian pharmacopeia. Polyherbal
formulation content analysis in every batch was performed by taking 20 tablets in a mortar and
pestle. The finely powdered sample was weighed and dissolved in 250 ml of the volumetric
flask containing 100 ml of a solvent mixture of methanol and water in the ratio of 1:1. The
flask was placed in an orbital shaker (Remi, Electrotechnik Ltd., Vasai, India). Temperature
and rpm were set to 27°C and 150rpm, respectively. Shaking persisted for 72 hours and was
later filtered using 0.45um Whatman filter paper. The small quantity of initial filtrate was
discarded, and a sufficient volume of the filtrate was collected. The amount of the drug was
measured in HPLC using sufficient diluted samples. Digital Vernier Callipers (CD-6" CSX,
Mitutoyo Corp., Kawasaki, Japan) have been used to assess the polyherbal formulation

https://biointerfaceresearch.com/ 3887


https://doi.org/10.33263/BRIAC123.38833899
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC123.38833899

thickness. Monsanto hardness tests (MHT-20, Kshitij International, and Ambala, India) were
measured using the standard formula for the given polyherbal formulations. The friability of
polyherbal formulation has been calculated by Roche friabilator (FT 1020, Lab India, and
Mumbai, India). The disintegration time of the polyherbal formulation was calculated with the
disintegration test apparatus (DT 1000, Lab India, and Mumbai, India). The weight variation
studies were performed using an electronic balance as per USP method (ATX224, Shimadzu,
Japan).

2.16. Physico-chemical characterization.

Fourier Transform Infrared Spectroscopy (FTIR): FTIR was conducted to understand
the chemical interactions between drugs and excipients. FTIR spectra (Bruker, Alpha-T,
Ettlingen, Germany) were obtained for all herbal extracts (Hibiscus Cannabinus,
Murrayakoenigii Tabernaemontana. divaricata) and MCC PH 102, Aerosil® 200, sodium
starch glycolate, and optimized polyherbal liquisolid powder compacts. The samples were
prepared by hydraulic pellet presses with a pressure of 10 t using KBr discs. The samples were
scanned between 4000 and 400 cm™* when characteristic peaks were depicted with additional
peaks indicating the absence of chemical interactions in the given formulations [32].

2.17. Differential scanning calorimetry (DSC).

DSC thermogram for pure herbal extracts, MCC PH 102, AEROSIL® 200, sodium
starch glycolate, and optimized polyherbal powder compacts were analyzed using DSC
(Model: SI10-6300, Japan). The experimental samples of about 3mg were taken in an
aluminum pan and crumpled with a crimper. The samples' thermal behavior was measured
using nitrogen gas as blank in the temperature range of 0 to 30°C with a scanning rate of 10
°C/min [33].

2.18. X-ray diffraction (XRD).

The XRD patterns for polyherbal extracts and the optimized polyherbal liquisolid
powder compacts were further characterized for their crystallinity. X-ray powder diffraction
studies were done by XRD (Model: Stereo scans S120, Cambridge, UK). The samples are
loaded onto the diffractometer, and then they were exposed to Cu-Ka radiation (40 kV/30 mA)
and scanned over a range of 2 thetas, values from 10 to 80°C at a scanning rate of 0.05 °/0.4s
[34, 35].

2.19. Studies of in-vitro dissolution.

In-vitro dissolution tests were performed using the USP paddle method as per Indian
pharmacopeia. Dissolution experiments were conducted in 900 mL of 0.1 N HCI (pH 1.2), 0.5
percent sodium lauryl sulfate (SLS), acetate buffer (pH 4.5), and 0.5 percent SLS (pH 7.4)
saline phosphate buffer maintained at 37.5 £ 0.5°C. The constant stirring of 75 £ 1 rpm was
maintained. 5 ml of samples were taken and filtered using a 0.45-micron filtrate with an
acceptable interval of (5, 10, 15, 30, 45, 60, 90, and 120 min), respectively. The samples were
analyzed using UV-visible spectrophotometers at 450 nm [36] (n=3).
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2.20. Ex-vivo permeation studies.

Male Wistar rats weighing in between 180 to 200 g were used in the study. The animals
were housed in separate cages and maintained under experimental conditions. The rats were
sacrificed with excess ether inhalation method. The abdomen was opened, and a segment of
the ileum was removed and flushed Krebs—Ringer solution is used to remove mucus and
adhered intestinal contents from the digestive tract. One end of the intestine segment was tied,
and the other end was tied. The equivalent dose of optimized formulation of polyherbal
liquisolid powder compacts was introduced into the lumen and was tightly closed. The tissues
were placed in a 250 ml beaker with continuous aeration and maintained a temperature of 37
°C in a 100 ml of phosphate buffer (pH 6.8). At predetermined time intervals (5, 10, 15, 30,
45, 90, and 120 min), an aliquot of 1ml was collected and replenished with equal volumes of
the medium. The samples were treated with an equal volume of methanol, and the supernatant
was quantified for polyherbal extract using the HPLC method. Control (pure polyherbal
extract) and marketed formulation (Ibuprofen) were also included in the comparative analysis
study. The cumulative amount of polyherbal extract permeated (Q) was plotted against time
(t). The steady-state flux (Jss) was calculated and represented as per the unit area. The
permeability coefficient (Kp) of the polyherbal formulation through the intestine was
calculated by dividing steady-state flux with the initial concentration of polyherbal formulation
in the donor compartment. The enhancement ratio (ER) was calculated by using the following
equation [37]:

Jss of liquisolid formulation

ER=

Jss of control
2.20.1. Stability studies.

According to the ICH guidelines, stability studies were carried out by keeping the
prepared formulations of liquisolid powder compacts at 40 °C with an RH of 75% + 5% for
three months. The samples were withdrawn after 90 days and were analyzed for assay purity,
disintegration time, and in-vitro release studies.

3. Results and Discussion

3.1. Preparation of the polyherbal extract.

The polyherbal extract consists of Hibiscus cannabinus, Murrayakoenigii, and
Tabernaemontana divaricata yielded 55.8 % wi/v.

3.2. Phytochemical screening.

The phytochemical screening of Polyherbal extract has shown Alkaloids, Saponins,
Steroids, Sterols, Flavonoids, Carbohydrates, Proteins, Amino acids, Gums, Mucilage,
Tannins, and Phenolic compounds (results are not cited here).

3.3. Acute oral toxicity studies.

The acute toxicity tests performed in accordance with OECD 420 guidelines revealed that the
polyherbal extract is safe when administered orally to Wistar rats at a dose of 2000mg/kg body weight
per oral dose.
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3.4. Anti-inflammatory activity (in-vitro screening method).

3.4.1. Protein denaturation method.

The effect of anti-inflammatory activity of the polyherbal extracts (methanolic extract
of H. Cannabinus, M. koenigii, and T. divaricata leaves at different doses) are shown in Table

1 and Figure 1.

Table 1. Effect of Poly Herbal Extract (PHE) on proteinase inhibitory activity

Poly herbal Poly herbal Poly herbal Poly herbal extract | Indomethaci Control
extract extract extract n (10mg/kg)
S. Concentration High dose (absorba
No. (MG/ML) Low dose Medium dose nce
(900 mg/kg) meanzsd)
(250 mg/kg) (500 mg/kg)
1 50 37.32 +015*** 39.34 +0.46 42.25+ 0.87
2 100 44.67 £0.73 47.65+0.78 49.79 +0.64 87.94 +0.74
3 200 62.78 +0.69*** 65.55 +0.26 68.04 +0.97*** 96.84 +0.14 | 0.65320.
4 400 72.43+0.44 69.86 +0.64*** 73.40 +0.33 07
5 600 76.71 +0.72 77.57 £0.76 82.37 +0.44
6 800 81.24 +0.34 85.94 +1.12%** 86.26 +1.13***
IC50 132.00 103.03 52.59

Each value represents the mean £ SEM. n=6, group were compared with control ***P<0.001, considered
extremely significant when compared to vehicle-treated group.

|| === control

B Indomethacin (10mg/kg p.o)

N Low Dose

4 HEEE Medium Dose

I High Dose

Volume of Edema (ml)

Time (hr)

Figure 1. Poly Herbal Extract (PHE) on proteinase inhibitory activity.

3.4.2. Carrageenan-induced paw edema test.

At different doses, the polyherbal extract of H. Cannabinus, M. koenigii, and T.
divaricata was administered using gum acacia as a carrier in suspension for 18h and 2 h before
the induction of edema by carrageenan injection and monitored the edema progression. The
maximum paw edema response and the area under the curve (AUC) are reported in total edema
response. Indomethacin (standard) and alcoholic (methanolic) extract of H. Cannabinus, M.
koenigii and T. divaricata (low dose-100mg/50mg/kg, medium-dose 200mg/100mg per kg,
high dose-400mg/200mg per kg) doses showed inhibitory activity. The total paw edema
response was calculated as AUC and observed that the inhibition is over 6 h compared to the
control group. The results were tabulated in Table 2 and depicted in Figure 2.
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Table 2. Effect of Poly Herbal Extract (PHE) on Carrageenan-induced rat paw edema.

Time Volume of edema (ml)
(hr) Control Indomethacin Poly herbal extract | Poly herbal extract | Poly herbal extract
(10mg/kg. P.O) Low dose Medium dose High dose
(250mg/kg, p.o) (500mg/kg, p.o) (900mg/kg, p.o)

1 0.52 +£0.03 0.32 +0.06 (38.4%) 0.39+0.04 (25%)* 0.31+ 0.05 (40.3%) 0.29+0.04 (44.2%)
2 0.62 +£0.04 0.35 +0.05 (43.5%)* 0.44+0.06 (29%) 0.39+0.03 (37.0%)* | 0.37+0.03 (40.3%)*
3 0.75+0.07 | 0.31+0.04 (58.6%)* | 0.42+0.03 (44.0%)* | 0.36+0.04 (52.0%)* 0.35+0.06 (53.3%)
4 0.65+0.05 | 0.29 +0.03 (58.6%)* 0.41+0.05 (58.6%) 0.34+0.06 (58.6%) 0.33+0.02 (58.6%)

Each value represents the mean + SEM. n=6, group were compared with control *P<0.05, considered extremely
significant when compared to vehicle-treated group.

110 —
4| €/ 250 mg/kg
100 —{| EEEE 500 mg/kg
|| EEEE 900 mg/kg
20 E ndomethacin 10mg/kg

Proteinase Inhibitory Activity (%)

80
70 -
60 -
50
40 -
30
20
10

o]

50 100 200 400

Concentration (Img/kg)
Figure 2. Poly Herbal Extract (PHE) on Carrageenan-induced rat paw edema.

600 800

3.4.3. Cotton pellet granuloma test.

The effect of anti-inflammatory activity of the polyherbal extract of methanolic extract
of H. Cannabinus, M. koenigii, and T. divaricata leaves at different doses was conducted. The
results were shown in Table 3 and Figure 3.

Table 3. Effect of Poly Herbal Extract (PHE) on cotton pellet granuloma in rats.
Treatment Dry weight of granuloma
Control (CMC 0.5% 10ml/kg) 4580+ 1.74
Indomethacin (5mg/kg) 19.77 £ 1.76 (56.8%)*
PHE-Low dose (250mg/kg) 33.23 + 2.61 (27.44%)*
PHE-Medium (500mg/kg) 29.77 +1.28 (35.0%)
PHE-High dose (900mg/kg) 23.84 + 1.87 (47.94%)
Difference between the weight of dissected dry cotton pellet and weight of cotton pellet before
implantation. Values are expressed as mean + SEM, n=6 in each group. Values in parentheses
indicate percent inhibition of granuloma formation. *P< 0.01 as compared with control.

[ control-(CMC)

I Indomethacin 5mg/kg
[ Low Dose-(250mg/kg)
I Medium Dose-500 (mg/kg)
I High Dose-900 (mg/kg)

40

30
20

0 I I I I

10

Dry Weight of Granuloma (mg)

Groups

Figure 3. Poly Herbal Extract (PHE) on cotton pellet granuloma in rats.

https://biointerfaceresearch.com/ 3891


https://doi.org/10.33263/BRIAC123.38833899
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC123.38833899

3.5. Pre-formulation studies.
3.5.1. Solubility studies.

The solubility studies of Polyherbal Formulation (PHF) showed that the liquisolid
compacts were very poorly soluble in water (i.e., 0.14mg/ml) to increase the solubility was
enhanced by the addition of propylene glycol up to 6.5 mg/ml. The use of span 20 and 80 also
enhanced the solubility of liquisolid compact to 0.44 and 3.46 mg/ml, respectively. It is evident
from the results that propylene glycol was the best solvent for the formulations. The results
were shown in Table 4.

Table 4. Solubility of Poly Herbal Extract (PHE) with various solvents.

S.No. Solvent Solubility (mg/ml)
1 Propylene glycol 5.48+0.02
2 Span 80 3.51+0.04
3 Span 20 0.81+0.03
4 Water 0.71+0.01
5 Methanol 7.48+0.07
6 Hydro-alcohol 4.57+0.08

3.5.2. Pre-formulation studies of polyherbal extract.

The free flow properties of the polyherbal extract were determined and tabulated in
Table 5. The tapped Density (o t), bulk Density (¢ b), Hausner's ratio, Carr's index, and Angle
of repose (0) were studied, respectively. The range of bulk and tapped density was found to be
0.511 £ 0.001 to 0.573 £ 0.014 g/cm3, 0.596 + 0.02 to 0.656 + 0.05 g/cm3 respectively. The
range of Carr’s index and Hausner's ratio was found to be 11.10 + 0.10 to 15.95 + 0.061%,
1.123 £ 0.02 to 1.194 + 0.01%, respectively. The Angle of repose will be high for the cohesive
powder, and the lower in non-cohesive powders, Angle of repose of polyherbal extract of
Liquisolid compacts was in the range of 25.64 = 0.65 to 27.36 + 0.14 6, which proved to be
good free flow properties of the polyherbal extract. All the micromeritic properties of blended
powder samples were in the standard limits and had good compressibility.

Table 5. Micromeritic properties of prepared pre-compression Poly Herbal Extract (PHE) liquid-solid powders.

S.No | Formulation Tapped Bulk density Hausner’s Carr’s index Angle of

density (gm/cm®) Ratio (%) repose (0)

(gm/cm®)

1 F1 0.601 £ 0.07 0.541+£0.020 | 1.113+0.07 11.10£0.10 26.31£0.49
2 F2 0.656 £ 0.05 0.573+£0.014 | 1.152+£0.05 13.91+£0.15 25.64 £0.65
3 F3 0.599 £0.25 0.511+0.001 | 1.123+0.02 11.39 £ 0.03 25.79£0.40
4 F4 0.627 £0.09 0.526 £0.024 | 1.126 £ 0.09 12.07 £0.11 27.36 £ 0.14
5 F5 0.655 = 0.07 0.522 £0.029 | 1.154+£0.03 14.24 £ 0.22 26.61 + 0.08
6 F6 0.596 = 0.02 0.563+0.051 | 1.194+0.01 1595+ 0.061 | 25.68+£0.14

3.6. Formulation of polyherbal extract with liquisolid compacts.

The required amount of polyherbal formulation (100 mg) was weighed and transferred
to a mortar and pestle. The resultant mixture was dispersed in different non-volatile liquids
(Transcutol HP, propylene glycol, Tween 80, and Tween 20, Methanol, Hydro alcohol) to get
100% w/w concentration. Following research findings in the literature, it has been discovered
that using a 100 percent excipient ratio will result in tablets with sufficient hardness and better
dissolution profiles. Because of this, the excipient ratio (R) was maintained at its constant value
of 100. To avoid excessive trituration and particle size reduction, it was necessary to add only
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the calculated amount of carrier and coating material to the dispersion media before blending
it in a porcelain dish [21]. To the dispersion media, about 40 mg of croscarmellose sodium was
added and mixed thoroughly. The final mixture was compressed into tablets using a multi-
station rotary punching machine (Rimek Minipress I, Karnavati Engineering Pvt. Ltd., and
Guijarat, India). The compression force was adjusted depending upon the weight of the
individual tablet and ingredients in the formulation. Formulations were prepared individually
using forty tablets in a batch (Table 6).

Table 6. Formulation of Polyherbal Formulation (PHF) liquid-solid compacts.

S.No Formulation Vehicle Load Auvicel Aerosil Weight of
factor PH102 200 (mg) | tablet
(Lf) (mg) (mg)

1 F1 Tanscutol Hp 0.247 50 15 205

2 F2 Propylene Glycol | 0.224 100 20 260

3 F3 Tween 80 0.139 150 30 320

4 F4 Tween 20 0.158 200 40 380

5 F5 Methanol 0.107 250 50 440

6 F6 Hydroalcohol 0.101 300 60 500

3.7. Post compression studies of the polyherbal formulation (PHF).

It was determined the effects of various evaluation parameters such as hardness, flow
properties, friability, and disintegration time, and the results were recorded (Table 7). In order
for any dosage form to function properly, it must maintain a constant drug dosage between
each unit in a given batch. F1-F4 formulations were complied with the content uniformity as
per Indian pharmacopeia in the range of 98.43%, 99.02%, 88.28%, and 94.89%, respectively.
Formulations F5 and F6 showed 83.25% and 81.63% content uniformity which does not
comply with Indian pharmacopeia limits. This may be due to the insufficient quantity of the
liquid to disperse the amount of drug taken, which failed to dissolve the drug with carrier and
coating material during the mixing process. A satisfactory friability with less than one percent
loss was observed in all of the liquisolid compact tablets (F1-F6), and none of the tablets
showed signs of cracking, splitting, or broken pieces.

According to Indian pharmacopoeia, all of the formulations had weight variations
within the standard limits (less than 5 percent) and passed the evaluation test. Formulations F2,
F3, F4 and F6 showed acceptable hardness (3-4 kg/cm?) whereas F1 and F5 showed hardness
< 2 kg/cm?. Formulation F2 disintegrated within 13 min. Other formulations took around 22—
31 minutes to disintegrate completely longer than the disintegration time. The more likely it is
that the drug will be released from the dosage form later. As a result, those individuals were
excluded from further research. F2 was selected as the optimal formulation based on its flow
properties, hardness, and disintegration time formulation, and further characterization studies
were carried out on it.

3.8. Physicochemical characterization.

3.8.1. Fourier Transform Infrared Spectroscopy (FTIR).

FTIR studies were conducted to understand the physicochemical properties of
substances concerning drug compatibility. FTIR spectra of polyherbal extract, Aerosil 200,
Avicel PH102, and physical mixture of drug, carrier/coat material, and optimized formulation
(F2) were studied, and their interpretations were depicted in Figure 4. Polyherbal extract's
https://biointerfaceresearch.com/ 3893
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infrared spectrum exhibits distinct peaks at 3446 cm™* (non-aromatic C—H stretch), 3063 cm™®

(aromatic C—H stretch), 2957 cm™ (aliphatic C—H stretch), 1697 cm™ (carbonyl group), and
1599 cm (aromatic C=C bend and stretch), with a peak at 1458 cm indicating the presence
of a C=C aromatic group. In both the physical mixture and the liquisolid formulation, the
appearance of all of these peaks and the absence of any new peaks indicates that there is no
chemical interaction between the drug and excipients.

3.8.2. Differential scanning calorimetry.

The DSC thermogram of polyherbal formulation showed sharp endothermic peaks with
an onset of 266.45°C and peak temperature 268.74°C, correspondings to its melting point. The
presence of the same peak in the final formulation indicates no interaction between drug and
excipients during the formulation preparation. The decreases in the enthalpy (AH) suggested
that the reduction in crystallinity or partial amorphization is due to the drug and was confirmed
by XRD studies.

3.8.3. X-ray powder diffraction analysis.

The XRD studies on the product or formulation were performed. The crystallinity form
changes can have an enormous impact on the bioavailability of the molecule due to the changes
in solubility and dissolution. The XRD patterns of the polyherbal extract showed sharp, distinct
peaks notably at 20 diffraction angles of 6°, 14°, 15°, and 22°, indicating that the polyherbal
extract was in in the state of crystallinity. The appearance of peaks at the same diffraction
angles in the XRD of the physical mixture indicated no change in the crystalline structure.
Similarly, the decrease in intensity of the peaks at the same diffraction angles in optimized
formulation showed that the polyherbal extract may have undergone the solid-state transition
from crystalline to amorphous.

3.9. In vitro dissolution studies.

The solubility decreased as the pH of the solution rise. As a result, buffers with higher
pH values (acetate buffer pH 4.5 and phosphate buffer pH 7.4) were chosen for the dissolution
studies, which serve as discriminating media in the experiment. It was necessary to conduct
dissolution studies in respective media using SLS at 0.5 percent weighted average
concentrations in order to maintain the conditions under study. The cumulative percent drug
release of the drug, marketed product, and optimized formulation (F2) in 0.1 N HCI, ABS, and
PBS with 0.5% SLS at different time intervals were studied (Figure 4). The dissolution profile
showed complete drug release within 30 min for polyherbal formulation compared to 46.3%
from marketed tablets and 71.82% from the plain drug. The reduced dissolution rate of the
marketed product may be due to its slow disintegration in the dissolution media. In ABS with
0.5%, SLS complete drug release was observed within 15 min with formulation F2, whereas <
60% of the drug was released from plain drug and marketed tablet. The optimized polyherbal
formulation F2 showed complete drug release in 30 min compared to 82.90% from the
marketed tablet and 65.62% of drug release from the plain drug in phosphate buffer containing
0.5% SLS. The results correlated that the polyherbal formulation has low solubility at higher
pH.
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Figure 4. In vitro dissolution studies on different formulations.
3.10. Ex-vivo intestinal permeation study.

The rate and extent of absorption depend not only on dissolution and rather than
permeation across the gastrointestinal tract but also on their limiting factors for absorption.
Therefore, to gain insight into the ability of liquisolid compact tablet formulations for improved
absorption, ex-vivo permeation studies were carried out using Wistar rat intestinal segment.
Since most drugs will get absorbed in vivo from the small intestine, rat tissue was more relevant.
We have used the ileum portion to assess the potentiality of liquisolid compacts to improve
polyherbal formulation's permeation. Ex-vivo permeation studies did not show any significant
(p> 0.05) difference between marketed formulation and polyherbal extract. The amount of
cumulative drug permeated across the intestine was calculated and represented in Figure 5. The
results showed that the control to marketed formulation was 524 + 24 and 398 + 4 ng,
respectively and was significantly increased to 1592 + 8ug with optimized formulation (P <
0.05) (Table 8). The flux was also increased considerably with F2 optimized formulation
compared to that of control and marketed tablet (P< 0.05). The enhancement ratio of more than
1 (3.80 £ 0.1) for optimized F2 indicated an enhanced permeation compared to the prepared
polyherbal extract formulation.
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Figure 5. Ex-vivo Permeation studies of PHF.
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Table 8. Ex-vivo intestinal permeation study of PHF formulation across rat intestine.

S.No Formulation Jss (ug/em?/h) Kp (cm/h) x 107 ER

1 Pure PHF 0.3015+0.224 0.1507+0.0541

2 F2 formulation 0.8936 +0.059 0.4468+ 0.0246 4.440.3

3 Market formulation 0.3259+0.016 0.1629 +£0.0023 1.62+0.004

3.11. Stability studies.

The stability analysis on the optimized liquisolid compact was done for three months
at 40 °C/75% + 5% RH. Samples were studied for their stability after 3 months and found that
they are stable (p>0.05). The similarity factor (F2) for the optimized formula was 67.80 (Table
9), which showed that the release rate of dissolution before and after the stability analysis is
very stable.

4. Conclusions

The studies were conducted on optimized formulations and polyherbal extract of
liquisolid compact powder to assess and improvise poorly soluble drugs' solubility. During the
process, the conversion of a crystalline molecule to its amorphous state will reduce the particle
size by micronizing, grinding, inclusion complexation, solid dispersions, self-emulsifying drug
delivery system, nano-suspends, and adsorption of drugs to hydrophilic aerogels.

The Liquisolid Powder Compacts are one of the most promising strategies for
increasing the release rate. Spireas are liquisolid systems that consist of a non-volatile, water-
miscible liquid vehicle, stable pharmaceutical particles, and selected excipients. The porous
carrier material is integrated into the liquid component, a liquid, a drug suspension, or a drug
solution in appropriate fluid-free automobiles. A liquid film is formed on the particle's surface
when filled and was adsorbed immediately by the fine particles.

This results in a clear dry, free flow, and compressible liquisolid compact powder. In
addition to improving the release of drug products, the liquisolid method is a promising
technique due to its ease of manufacturing, low production cost, and the possibility of industrial
production because of the strong free flow and compaction properties of the liquisolid
formulations. The quantitative approach to the formulation of liquisolid systems to quantify the
number of powder excipients needed was very well studied and developed by Spireas.

The suitable free-flowing, compressible liquisolid compact powder can only be
obtained if the maximum liquid load called the liquid load factor (L) is not exceeding 3.7. The
formulations, stability, and anti-inflammatory activity are tested using both in-vitro & ex-vivo
trials were studied.

The polyherbal liquisolid compact powder formulation F5 has a minimum hardness of
1 kg / cm?, while the hardness of F2 and F6 was 4 1 kg / cm?. A given ideal liquisolid compact
powders should be evaluated for parameters such as friability, hardness, decay, dissolution rate,
and differential scanning calorimetry, and X-ray powder diffraction analysis. The formulations'
anti-inflammatory action was tested using the paw edema system and cotton pellet method in
both methods.

The polyherbal extract of liquisolid compact powder formulation was formulated and
evaluated concerning pre-evaluations and post-formulation parameters. The anti-inflammatory
activity of the polyherbal extracts showed promising activity. The study suggested that a

https://biointerfaceresearch.com/ 3896


https://doi.org/10.33263/BRIAC123.38833899
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC123.38833899

promising strategy for improving the dissolution rate of poorly soluble poly-herbal extracts.
This may be due to the developed formulation's Liquisolid compact nature and improved
weather resistance by making propylene glycol suspension. Liquisolid compact powder could
be made with a polymer, i.e., MCC PH 102 and the coating agent AEROSIL® 200. The FTIR
studies showed that the drug is more compatible with excipients studied. In DSC and XRD
studies, the crystallinity of polyherbal extracts has decreased in liquisolid compact formulation.
Thus, we propose that the developed liquisolid compact powder formulation can be used as an
alternative strategy for treating inflammatory disorders.
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