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Abstract---Four herbal drugs with the complete antidiabetic solution
were selected based on documented properties. Poly-herbal
combinations containing 50 % hydro-alcoholic extracts, having the
most significant overall antidiabetic activity were selected and
polyherbal uncoated tablet (PHUT) was developed. 500 mg PHUT were
developed, by homogeneously mixing 250 mg/tablet, dried and finely
powdered extracts of four herbs in the most effective ratio, i.e. H.
sabdariffa (100): A. marmelos (50): F. religiosa (75): A. squamosa (295),
with excipients (250 mg/tablet) by direct compression method. For
formulation optimization, 3 different formulations were developed by
using the same excipients in different ratios and were evaluated for
good flow properties and good packing ability. After pre-compression
studies, powdered blends were directly compressed and were
evaluated using post-compression parameters. Developed PHUTs were
dark reddish-brown and devoid of any rough surface. Post
compression parameters showed that all parameters are within the
limit for all PHUT formulations. Out of all, PHUT 3 showed a
significant average disintegration time of 9.40 minutes; hence it was
considered as an optimized formulation and was subjected to 3
months accelerated stability studies. Where no significant changes
were observed, PHUT 3 was considered a standard formulation with a
complete antidiabetic solution.

Keywords---antidiabetic, direct-compression, polyherbal formulation,
uncoated tablet.
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Introduction

Herbal drugs have been employed for the treatment of different ailments including
diabetes, from the time immortal. Even though there are numerous allopathic
medications to treat diabetes, however, it is also the reality that it has in no way
been reported that someone had completely recovered from diabetes. Apart from
that, allopathic treatments are expensive, have clinical complications, and many
adverse consequences are also associated (Ganesan et al., 2021; Triplit, 2006).
Presently, enormous concerns have been aimed at the management of diabetes by
using antidiabetic medicinal plants. Herbal medicines are also employed as
complementary therapy for the treatment and prevention of diabetes
complications (Patel et al., 2012). Treatment with herbals has several advantages
over allopathic drugs, for instance, it has relatively fewer side effects (Karimi et
al., 2015; Kooti et al., 2016) and has a rich source of phytochemicals thus can
become a substitute for synthetic antidiabetic agents. In search of a complete
antidiabetic herbal drug, plants were selected based on their wide coverage,
significant therapeutic action, raw material availability, active constituents, mode
of action, and minimum toxicity reported. Hence, the polyherbal combinations
developed and evaluated will not only control and manage diabetes but will also
protect from serious complications associated with diabetes including
hyperlipidemia, nephrotoxicity, hepatotoxicity, neurotoxicity, CBC disorder
(anemia), and weight reduction (Bagheri, 2008). Based on the above criteria, four
plant parts selected were calyx of Hibiscus sabdariffa, Linn. (H), leaves of Aegle
marmelos (L.) Corr. (A), stem bark of Ficus religiosa Roxb. (F), and leaves
of Annona squamosa Linn. (A) (hereinafter HAFA). To ensure the safety and
efficacy of selected plant parts, their commercially available products were also
reviewed; leaf of Annona squamosais available as Sitafal leaf extract drop by
Algene biotech and Foodicine. Leaf of Aegle marmelos is available as powder by
Indianjadibboti.com, and mother tincture by Schwabeindia.com. The bark
of Ficus religiosa, as Nyagrodhadi Churna by VHCA Ayurveda, Sarivadyasava
(Kerala Ayurveda Saribadyasavam, Kottakkal Saribadyasavam), Arjun tea by
Planet Ayurveda (Amazon, 2018) and calyx of Hibiscus sabdariffa, by Herbal Terra
LLC, its Holy Natural Hibiscus Powder (Holy Natural / Nature’s gift) and in Herbal
Tea (Kashmir) by Sattvic foods.

Polyherbal combinations developed by 50 % hydro-alcoholic extracts of selected
plant parts by geometrical dilution method were assessed against diabetes and
associated complications and were found to be significantly effective in improving
plasma insulin, Homeostasis model assessment-insulin resistance (HOMA-IR),
glycosylated hemoglobin (HbA1C), hematological parameters, altered liver, kidney,
and neurons function. (Gupta and Kori, 2022). In the present research, it was
planned to develop polyherbal uncoated tablets (PHUT), from the most effective
HAFA combinations having complete diabetic solutions.

Tablet formulation was selected to develop, because of its economic and ease of
manufacturing. Apart from that, it had many advantages over other dosage forms.
It offers the utmost dose precision with the least content variability. They are the
easiest and cheapest to package and strip. Overall costs are low, are lighter, and
are compact (Lachman et al., 1990; Kaur, 2013). Have the greatest chemical and
microbial stability over other oral dosage forms. They are suitable for large-scale
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production (Ubhe and Gedam, 2020).In the study it was planned to
develop standard compressed tablets i.e.,, uncoated tablets made by direct
compression methods, as it provides rapid disintegration and drug release, and
exerts local action in the gastrointestinal tract. In addition to medicaments
compressed tablets usually contain excipients such as diluents, binders,
disintegrants, etc. Thus in the research study, polyherbal uncoated tablet
(hereinafter PHUT) were prepared by direct compression method and were
evaluated using standard parameters at different stages. Table 1 (a) and (b) show
standard evaluation reference parameters used for pre-compression study and
table 2 shows standard evaluation reference parameters used for the post-
compression study.

Materials and Methods

Equipment and excipients used in PHUT development included, sieves number
30, glass and lab wares, tablet compression machine (14 mm round standard
convex punch), Vernier caliper, Monsanto hardness tester, Roche friabilator and
Electrolab disintegrating apparatus. All chemicals used were of analytical grade
like; microcrystalline cellulose 20 — 60 % in PHUT, croscarmellose sodium 3 — 6
%, colloidal silicon dioxide 1 %, and magnesium stearate 1 — 1.5 %.

Extracts used as active ingredients in the formulation of PHUT were prepared by
using four plants parts of HAFA, which had a ratio of H. sabdariffa (100): A.
marmelos (50): F. religiosa (75): A. squamosa (25). Firstly powdered herbal drug
was defatted with petroleum ether and then subjected to extraction with a
hydroalcoholic solvent containing 50% ethanol v/v using soxhlet. The extracts
were concentrated under reduced pressure, dried, and kept moisture-free using
desiccators. These dried and finely powdered extracts were used as active
ingredients in tablet manufacturing. Before processing, all the dried and finely
powdered plant extracts were mixed properly for 10 minutes and were sifted
through a 30# sieve to get the uniform mixture.

500 mg PHUT (uncoated tablet) formulation was developed by mixing HAFA
extracts with selected excipients. For formulation optimization, three different
formulations PHUT 1, 2 and 3, were developed using excipients in different ratios
as given in table 3, to get good flow properties and good packing ability (Shah et
al., 2008; Patel et al.,, 2017). It tablet formulation, extracts and excipients was
homogeneously mixed for 30 minutes except for colloidal silicon dioxide and
magnesium stearate. After mixing the mixture for 30 minutes, colloidal silicon
dioxide was added and was blended for the next 5 minutes and at last
magnesium stearate was added and blended for 5 minutes. Mixtures were finally
subjected to pre-compression studies, before tablet compression. After pre-
compression studies, powdered blends were compressed by a tablet compression
machine using a 14 mm round standard convex punch for 500 mg strength of
tablets. The area were processing was done, its temperature was maintained at 25
+ 2° C and 30 + 2 % relative humidity was maintained. The direct compression
technique that was used to prepare PHUT was selected due to its economic nature
and convenience for small-scale preparations (Agnihotri and Singh, 2014).
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Before compression of the tablet, pre-compression studies were performed for
PHUT 1, 2 and 3 formulations, to ensure uniform flow and compression of the
tablet. The evaluation was done by determining bulk density, tapped density,
angle of repose, Carr’s index and Hausner’s ratio as per Indian Pharmacopoeial
standards (Iqubal, 2014). Results obtained from the evaluation of powdered
blends were studied and were further sent for direct compression of the
polyherbal tablets, following standard procedures. (Majumder and Paridhavi,
2016; Mamatha, 2017).

Formulated tablets PHUT 1, 2 and 3 were subjected for post compression studies
including physical parameters like general appearance, thickness, hardness,
weight variation, friability and disintegration (Patel et al., 2017; Brijyog et al.,
2019). In the general appearance study, tablets were examined using the lens
under a light for a general appearance like the color, odor and texture. Tablets
thicknesses were measured in millimeters using a vernier caliper. A hardness test
was performed using calibrated Monsanto hardness tester on ten tablets. In the
weight variation test, each tablet was weight individually and the average weight
was determined by randomly selecting and weighing 20 tablets. In each case the
deviation from the average weight was calculated and expressed as in percentage.
The Friability of the tablets was tested as per pharmacopeia by using a Roche
friabilator (100 revolutions at 25 rpm). The friability was calculated by using the
equation,
Per cent friability = [WO - Wt / WO] x 100.

Where, WO = initial weight of tablets, Wt = final weight of the tablets.

A disintegration test was performed by wusing the electrolab disintegration
apparatus. One tablet was placed in each of the six tubes of the basket and the
immersion liquid temperature was maintained at 37 £ 0.50° C. Then apparatus
was run as per the machine standard operating procedure. The time required for
complete disintegration i.e., no particles was left above the gauge and tablet has
passed through the 10# mesh screen, was noted.

The selected PHUT formulation was subjected to stability studies. The accelerated
stability studies were carried out according to ICH guidelines by storing the
samples at 25° C /60% RH (relative humidity), 30° C/60% RH and 40° C /75%
RH for 3 months. The polyherbal tablets were assessed for physical changes,
tablet thickness, hardness, weight variation, and percent friability and
disintegration time. Finally, they were compared with those tablets which were
evaluated immediately after manufacturing (Brijyog et al., 2019).

Results and Discussions

500 mg PHUT was prepared by using different excipients and HAFA extracts. The
polyherbal formulation (uncoated tablets) was developed with an aim of
convenience to take, enhanced pharmacological activity, and faster and safer
action (Majumder and Paridhavi, 2016). The 500 mg polyherbal uncoated tablets
(PHUT) were developed by using the direct compression method (Mahendra et
al.,, 2018). Three formulations, i.e., PHUT 1, 2, and 3 were developed using
different ratios of excipients for formulation optimization and were evaluated.



1193

Three formulations PHUT 1, 2, and 3 containing a specific ratio of excipients with
excipients were evaluated on pre-formulation parameters. Powdered blends
subjected to pre-compression, revealed that all parameters are within the
acceptable limit and hence would have good flow property and compressibility in
form of a tablet. The data given in table 4 reveals the same. Developed PHUT
tablets were further evaluated using standard parameters. (Iqubal, 2014).

The prepared three formulations of uncoated poly herbal tablets were evaluated
for different post-compression parameters such as general appearance, thickness,
hardness, weight variation, friability, and disintegration time, (summarized in the
table. 5 and 6) were results showed that all the parameters were found within the
acceptable limit. Table 5 reveals the physical characteristics of the developed
PHUT, where it was reported that all the PHUT were of dark reddish-brown and
devoid of any rough surface throughout, the surface of all tablets was found to be
smooth without imperfections. In evaluation, study friability was found to be less
than 1.0 percent. The disintegration time for the tablet was in the range of 9.40 to
11.20 minutes. The formulation PHUT 3 showed a significant average
disintegration time of 9.40 minutes, hence PHUT 3 was considered an optimized
formulation.

The final formulation PHUT 3 was subjected to an accelerated stability study for
any change in physical appearance and other standard parameters at different
relative humidity and temperature for 3 months. At one month interval, the
samples were analyzed thoroughly for any specified and notable changes. By the
study, it was observed that the surface was devoid of any change in color, odor, or
appearance of any roughness. Results, as mentioned in table 7, revealed that
there were no significant changes in all parameters analyzed and it may be
considered that the PHUT formulation developed was a stable formulation.

Conclusion

By the study, it was concluded that developed PHUT formulation number 3 is the
standard formulation that can be considered for the complete antidiabetic
solution.
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Table 1 (A) Pre-Compression Parameters of the Tablets

Type of flow Angle of repose Compressibility index Hausner’s ratio
Excellent 25-30 <10 1.00-1.11
Good 31-35 11-15 1.12-1.18
Fair 36-40 16-20 1.19-1.25
Passable 41-45 21-25 1.26-1.34
Poor 46-55 26-30 1.35-1.45
Very poor 56-65 31-35 1.46-1.59
Very, very poor >66 >35 >1.60
Table 1 (B) Pre-Compression Parameters of the Tablets
S.No. Standard parameters Reference value
1. Bulk density (g/ml) 0.1-0.7 (g/ml)
2. Tapped density (g/ml) 0.1 -0.7 (g/ml)
Table 2 Post-Compression Parameters of the Tablets
.No. Evaluation parameter Remark
1. Thickness (mm) +5% variation of a standard
2. Weight variation +5% (I.P.)
3. Hardness (kg/cm?2) Not less than 3 (5-8 kg/cm?)
4. Thickness (mm) acceptable limit +5%
S. Per cent friability 0.5 - 1% of standard
6. Disintegration time (minute) Ideal disintegrate time less than 15 minutes

Table 3 Excipients used in Polyherbal Tablet Formulations

PHUT

Compositions per tablet 1 PHUT F2 PHUT F3
HAFA herbal extracts 250 250 250
Excipients used

Microcrystalline cellulose 222.5 212.5 202.5
Croscarmellose sodium 15 25 35
Colloidal silicon dioxide ) S )
Magnesium stearate 7.5 7.5 7.5

500 500 500

Table 4 Pre-Compression Studies of Antidiabetic Tablets

Pre-compression parameters

Formulations
PHUT 1 PHUT 2 PHUT 3

Angle of repose 270 240 210
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Bulk density (g/ml)

Tapped density (g/ml)
Carr’s index (%)
Hausner’s ratio

0.49
0.57
14.04
1.16

0.53
0.62
14.52
1.17

0.49
0.54
9.26
1.11

Table 5 Physical Parameters of the Antidiabetic Tablets

Physical Formulations

parameters PHUT 1 PHUT 2 PHUT 3

Colour Dark reddish brown Dark reddish brown Dark reddish brown
Odour Characteristic Characteristic Characteristic

Texture Smooth Smooth Smooth

Shape Round standard Round standard Round standard convex

convex

convex

Table 6 Post-Compression Studies of Antidiabetic Tablets

Post-compression parameters Formulations

PHUT 1 PHUT 2 PHUT 3
Average weight (mg) 503.20 502.50 501.10
Weight variation in % 0.64 0.50 0.22
Hardness (kg/cm?2) 5.50 5.52 5.52
Thickness (mm) 4.30 4.28 4.25
Per cent friability 0.24 0.21 0.19
Disintegration time (minute) 11.20 10.50 9.40

Table 7 Accelerated Stability Studies of Antidiabetic Tablets

Parameters Day O 30 days 60 days 90 days
25° 30°C 40°C 25°C 30°C 40° 25°C 30°C 40°C
General Finished c/ / / / / Cc/ / / /
appearance  Tablets 60% 60% 75% 60% 60% 75% 60% 60% 75%
RH RH RH RH RH RH RH RH RH
Dark
Colour reddish NC NC NC NC NC NC NC NC NC
brown
Characterist
Odour i NC NC NC NC NC NC NC NC NC
Texture Smooth NC NC NC NC NC NC NC NC NC
Round
Shape standard NC NC NC NC NC NC NC NC NC
convex
Average 501.10+0.3 NC NC NC NC NC NC NC NC NC
weight (mg)
Weight
variation in 0.22 NC NC NC NC NC NC NC NC NC
%
Hardness 5.52 5.52 552 552 552 548 548 545 545
5.52 £ 0.05 + N N N + + + + +

(kg/cm?)



Thickness
(mm)

% Friability
Disintegrati

on time
(minute)

4.25+0.10

0.19 £ 0.04

9.40 £0.30

0.05
NC

0.19
+
0.04
9.40
+

0.20

0.06
NC

0.19
+
0.05
9.40
+

0.25

0.06
NC

0.19
+
0.02
9.40
+

0.10

0.05
NC
0.19

0.03
9.40

0.15

0.05
NC
0.19

0.02
9.40

0.18

0.04
NC
0.21

0.05
9.45

0.12

0.04
NC
0.21

0.02
9.48

0.20
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0.05
NC
0.21

0.05
9.50

0.22

0.05
4.30
0.24

0.4
9.52

0.14

NC- No change, RH- Relative humidity.



