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Azadirachta indica A. Juss (neem) is a popular plant in Vietnam that possesses strong hypoglycemic effects. However,
limited research reports the formulation of the neem extract in a pharmaceutical dosage form. Thus, this work determined
the development and in-vitro/in-vivo evaluation of the film-coated tablets containing neem leaf extract, with moisture-
protected ability, for diabetes treatment. To this end, we first investigated the neem leaf’s optimal extraction conditions
to obtain the extract with the strongest hypoglycemic effect. The best condition was the utilization of ethanol 90%
as a solvent, with a plant solid-to-solvent ratio of 1:10 w/w. Then, the optimal film-coated tablet formulations were
determined by varying the types/amounts of the tablet adsorbents, diluents, binders, disintegrants, and moisture-
resistant film-coating polymers. The best formulation possessed good moisture resistance compared to commercial
products and acceptable friability and disintegration values. Finally, the product was evaluated for its antidiabetic
property by both in-vitro and in-vivo tests, utilizing the a-glucosidase inhibitory assay and mice glucose tolerance test,
respectively. The tablets showed significant hypoglycemic effects in inhibiting the a-glucosidase enzyme (43.33%
compared to 55.16% of the commercial drug Glucobay) and in-vivo test in mice. In summary, the film-coated tablets
containing 4. indica A. Juss leaf extract had potential antidiabetic effects in in-vitro/in-vivo settings.

INTRODUCTION

2045, with India and China being the two biggest populations

Worldwide, the incidence rate of type 2 diabetes, a
chronic metabolic disorder in which the human cells (i.e., muscle
cells, adipocytes, and liver cells) do not respond functionally
to insulin (insulin resistance), has been increasing significantly.
The International Diabetes Federation estimates that the cost
for the number of diabetes patients is expected to rise to 552
million U.S. dollars by 2030 and to 693 million U.S. dollars by
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(Cho et al., 2018; Whiting et al., 2011). Although various
oral antidiabetic pharmaceutical agents have been employed,
including metformin, o-glucosidase inhibitors (i.e., acarbose,
miglitol), dipeptidyl-peptidase-4 inhibitors (i.e., saxagliptin
and sitagliptin), meglitinides (i.e., nateglinide and repaglinide),
SGLT-2 inhibitors (i.e., canagliflozin and dapagliflozin),
sulfonylureas (i.e., chlorpropamide, tolazamide, and tolbutamide),
and thiazolidinediones (i.e., rosiglitazone and pioglitazone) and
their combinations, most of them cannot control the long-term
glycemic issue (Satyanarayana et al., 2015; Singh et al., 2008)
and also possess numerous side effects (Stumvoll et al., 2005). In
fact, metformin, a biguanide first discovered in the 1940s (Garcia,
1950) and officially approved for type 2 diabetes treatment in 1995
(DeFronzo and Goodman, 1995), has remained first-line therapy
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for this disorder for more than 25 years (Nguyen et al., 2021a;
Sanchez-Rangel and Inzucchi, 2017). Therefore, to overcome
these problems, the need for finding novel medications for type 2
diabetes is crucial.

For this purpose, natural/herbal/traditional medicines
prove their potential benefits. Various herbal extracts have been
demonstrated to be effective in lowering the blood glucose level
with insignificant side effects (Cefalu ez al., 2011; Kumar ez al.,
2021). In Asia, these herbal medicines have long been utilized lo-
cally in ethnic groups and officially in traditional medicine hospi-
tals in some countries such as Vietnam (Nguyen et a/., 2021b; Tran
et al., 2021; Venkateswaran and Pari, 2003). Among numerous
herbal plants, neem (Azadirachta indica A. Juss, “sau dau” in Viet-
namese), a well-known plant in South Asia and in Vietnam, has
attracted increasing scientific attention due to its wide spectrum
of biological activities, namely anti-inflammatory, antimicrobial,
antipyretic, antioxidant, anticancer, antiulcer, spermicidal, immu-
nomodulating, immunocontraceptive, and antidiabetic (Atawodi
and Atawodi, 2009; Alzohairy, 2016; Biswas et al., 2002). These
therapeutic actions come from unique phytochemical constituents
of the plant, such as azadirachtins, azadirachtol, azadironolide,
isoazadironolide, nimocinol, nimbin, nimolicinol, naheedin, and
mahmoodin (Atawodi and Atawodi, 2009). Specifically, for type
2 diabetes treatment, neem shows potential effects in reducing the
blood glucose level (El-Hawary and Kholief, 1990; Mahdi et al.,
2003; Patil et al., 2022; Satyanarayana et al., 2015). For instance,
in alloxan-induced diabetic rats, neem bark and leaf extracts sig-
nificantly decrease rat blood glucose level and lipid peroxidation,
as well as enhance the antioxidant enzyme functions like catalase,
superoxide dismutase, and glutathione peroxidase in the kidney
and liver tissues. Similarly, in high-fat diet-induced diabetic
Charles Foster rats, the neem leaf extract significantly reduces the
plasma glucose concentrations and increases the antioxidant en-
zyme activities in hepatic tissues for 30 days (Shrivastava et al.,
2012). In streptozotocin-induced diabetic rats, chronic treatment
with the neem ethanolic extract reduces the blood glucose level
and ameliorates lesions of pancreatic islets (Akinola et al., 2011;
Akpan et al., 2012). At the molecular level, neem extracts, at a
dose of 400 mg/kg rat body weight, play an important role in nor-
malizing the impaired levels of insulin-signaling molecules, name-
ly insulin receptor substrate-1, insulin receptor, phospho-Akt5+73,
phospho-IRS-15%3¢ phospho-IRS-17%2 and glucose transporter
4 (GLUT4) (Satyanarayana et al., 2015).

Although demonstrating much potential for diabetes
treatment, the neem extracts have not been formulated into an
actual pharmaceutical dosage form for commercial application.
Thus, this work presents the development and in-vitro/in-vivo
evaluation of the film-coated tablets containing the neem leaf
extract, with moisture-protected ability, for the treatment of type
2 diabetes. To this end, the extracts were firstly produced and
characterized, followed by extract incorporation into the moisture-
resistant film-coated tablets, and were finally antidiabetic tested
in in-vitro and in-vivo models, using the a-glucosidase inhibitory
assay and mice glucose tolerance test, respectively.

MATERIALS AND METHODS

Materials

Neem leaves were collected in the Tri Ton district, An
Giang province, Vietnam, in September 2016. The samples were

identified by a botanical expert, and the voucher specimens were
stored at the Faculty of Pharmacy, Can Tho University of Medicine
and Pharmacy, Vietnam. The commercial reference drugs, namely
Diamicron (gliclazide), “Diep Ha Chau,” “Pylantin,” “Dan Sam Tam
That,” and “Giai doc gan Tue Linh,” were bought from Anh Ngoc
drugstore, Can Tho, Vietnam. The experimental animals, Swiss
albino mice, 5-week-old, weighing 18-25 g, were provided by Nha
Trang Pasteur Institute, Nha Trang, Vietnam. All other chemicals,
solvents, and standard substances were of pharmaceutical grade or
higher.

Neem leaf extraction

The dry neem leaves (100 g) were ground to powder,
moistened with ethanol (20-30% w/v) for 1 hour, and immersed in
ethanol for 36 hours at room temperature. The obtained ethanolic
extract was concentrated by a Rotavapor until a semisolid mass
formed. Finally, the extracts were stored at 4°C for further
experiments. To determine the optimal extraction conditions, the
parameters of ethanol concentrations (40%, 60%, and 90%) and
plant/solvent weight ratios (1/8, 1/9, and 1/10 w/w) were varied.
The best extract was considered with the highest extraction
efficiency [i.e., the extract mass/the initial leaves powder (~100
g)], the lowest moisture (measured by the MX-50 infrared
moisture drying scale), and the strongest in-vitro a-glucosidase
inhibitory activity (determined based on the procedure described
in the section in-vitro a-glucosidase inhibitory assay).

Formulation of film-coated tablets containing neem leaf
extract

The optimal neem leaf extract was further formulated into
the film-coated tablet dosage form. To this end, the uncoated tablets
were prepared by the general wet-granulation process, followed by
the moisture-resistant film-coating process on the uncoated tablets
(Nha et al., 2016). Briefly, the neem leaf extract (155 mg/tablet)
was mixed homogeneously with the adsorbent and blended with
the diluent. The choices of adsorbent [CaCO,, MgCO,, Syloid
(silica), or calcium silicate] and diluent [MgCO,, microcrystalline
cellulose, tricalcium phosphate, unmilled dicalcium phosphate
dihydrate (Di-tab), or sodium carboxymethylcellulose (Na CMC)],
as well as their ratios in the formulations, were investigated and
selected based on the tablet physicochemical properties. Then, the
granules were formed by grinding the mixture through a 2 mm
mesh, using polyvinylpyrrolidone (PVP) in 96% ethanol as the
binder. The products were dried at 60°C and passed through the 1
mm mesh. Finally, the granules were mixed with croscarmellose,
aerosil, and magnesium stearate and compressed utilizing a Rimek
rotary tablet press to form the uncoated tablets (round shape, 12
mm diameter, and weight 363 + 18 mg). Each tablet contained 155
mg (42.67% w/w) of the neem leaf extract.

The uncoated tablets were then moisture-resistant film-
coated with a Caleva film-coating machine, using the PVA in the
solution as a moisture-resistant film polymer and a mixture of
polyethylene glycol 6000, talc, titanium dioxide, and colorant as
coloring agent. The PVA solution was made by dissolving the PVA
powder in an 96% ethanol:water (3:1 v/v) solvent. The coloring
agent was fabricated by grinding the PEG 6000 aqueous solution
with talc, titanium dioxide, and colorants, followed by the addition
of 5 ml distilled water to form a suspension, and the suspension was
filtered through a 0.3 mm sieve to obtain the product. The coating
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process was conducted following the machine’s instructions, and
the endpoint was set at the tablet weight gain of 3% compared to
the initial uncoated tablet weight. The complete tablet formula is
presented in Table 1.

Characterizations of film-coated tablets containing neem leaf
extract

The film-coated tablets containing the neem leaf extract
were physicochemically characterized in terms of appearance,
weight uniformity, friability, disintegration time, identification,
and assay (Nha et al., 2016; Nguyen et al., 2021a). Additionally,
the intermediate products (i.e., granules) were tested for moisture,
apparent density, and flowability to determine the optimal
formulations. To this end, the friability test was conducted using
a Pharma-Test tablet friability tester (60 rpm for 5 minutes); the
disintegration time was tested by an ERWEKA disintegration
tester (30 minutes, in water, at 37°C); and the tablet content
identification was conducted by thin-layer chromatography [the
mobile phase consists of MeOH-chloroform (50:50 v/v)]. For
the intermediate granules, the moisture was measured by an
MX-50 infrared moisture drying scale; the apparent density was
determined using a Pharma-Test apparent density meter (750 taps/
minutes); and the flowability was measured by the ERWEKA
granulate flow tester (outlet nozzle 15 mm, nonstir).

In-vitro a-glucosidase inhibitory assay

The neem leaf extract (30 mg/ml), the film-coated tablets
containing the neem leaf extract (at a dose equivalent to 30 mg/ml
of'the extract), and the reference product/positive control Glucobay
(acarbose) (5 and 10 mg/ml) were evaluated in-vitro for their
antidiabetic properties using the standard a-glucosidase inhibitory
assay at 37°C, pH 7.0, with slight modifications (Kazeem ez al.,
2013). For this, the test samples (0.15 ml) were mixed with 2.4 ml
0.1 M phosphate buffer pH 7.0 and 0.15 ml of the a-glucosidase (0.5
U/ml, one unit is the required amount of a-glucosidase to catalyze
the substrate 4-nitrophenyl B-D-glucopyranoside (pNPG) to form
1 pmol of p-nitrophenol (product) per minute) for 30 minutes at
37°C. Then, 0.3 ml of pNPG, at a concentration of 2 mM, was
added to the mixture to start the reaction, followed by another
incubation of 30 minutes. Finally, the reaction was halted with the
addition of 3.0 ml Na,CO, (0.2 M), and the solution was UV-Vis
spectroscopically (Jasco V-730, Japan) measured at 405 nm using
a multiwell plate reader. The blank was processed with the same

protocol, with the sample being ethanol, the solvent for extracting
the neem leaf. The percentages of a-glucosidase inhibition of the
samples were calculated according to

% q-z.z}f%q?sidase _ Ay = Ay 100

inhibition Ay (1
where 4, . and ASample are the absorbance values of the
blank and the test samples, respectively.

In-vivo mice glucose tolerance test

The neem leaf extract, the film-coated tablets containing
the neem leaf extract, and the reference product/positive control
Diamicron (gliclazide) were evaluated in-vivo for their antidiabetic
properties on Swiss albino mice using the standard glucose
tolerance test with some adjustments (Pedro ez al., 2020). Prior to
the experiments, mice were housed at room temperature (25 £ 1°C)
with controlled humidity and a 12 hours light and dark cycle and
fed a standard diet and water ad libitum. All in-vivo experiments
were ethically approved by the Ethics Committee of Can Tho
University of Medicine and Pharmacy, Code CTUMP-421.

The glucose tolerance tests were conducted orally on
overnight (16 hours) fasted mice. The mice were divided into
four groups, each with six mice including three males and three
females. Group I was the negative control group in which mice
were fed water only. Group II was the reference group, and the
mice received Diamicron (20 mg/kg body weight) orally. Groups
IIT and IV were the tested groups in which the mice were orally
treated with the neem leaf extract (200 mg/kg body weight) and
the film-coated tablets containing the neem leaf extract (at a dose
equivalent to 200 mg/kg of the extract), respectively. Glucose (2
g/kg body weight) was administered orally after 1 hour of the test
sample intake. The mice blood samples were collected from the
tail vein at 0, 30, 60, and 120 minutes after the glucose load. The
blood glucose levels (mg/dl) were analyzed using the EasyGluco
Infopia blood glucose meter. The doses of neem leaf extract,
Diamicron, and intake glucose were determined based on our
preliminary study and the literature (Lali¢-Popovic et al., 2013;
Pedro et al., 2020).

Statistical analysis

All quantitative experiments were carried out in triplicate.
The data were presented in terms of mean + standard deviation

Table 1. Formulation of film-coated tablets containing neem leaf extract.

Ingredient Percentage (w/w) Ingredient Percentage (w/w)

Uncoated tablet Film layer
Neem leaf extract 42.67% PVA 5.00%
Calcium silicate 20.00% PEG 6,000 1.50%
Di-tab 20.00% Colorant 0.15%
Avicel PH 101 12.83% Titanium dioxide 1.20%
PVP K30 1.00% Talc 1.80%
Croscarmellose 2.00% Ethanol 96% 60.23%
Magnesium stearate 1.00% Distilled water 30.12%
Aerosil 0.50%
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(SD). Significant differences between data were analyzed using
Student’s 7-test and one-way analysis of variance, with a p-value
less than 0.05 for meaningful comparisons.

RESULTS AND DISCUSSION

Neem leaf extraction

According to the previous study, the immersion method
utilizing ethanol as the extracting solvent is the optimal condition
for neem leaf extraction (Hashim et al., 2021). Thus, in our work,
the neem leaves were extracted using the simple immersion
method with varied experimental conditions. Table 2 shows
nine extracts with different ethanol concentrations (40%, 60%,
and 90% v/v) and plant/solvent weight ratios (1:8, 1:9, and 1:10
w/w). To this end, the extraction conditions significantly affected
the extract moisture, extraction efficiency, and extract in-vitro
a-glucosidase inhibitory activity. An increase in the ethanol (the
extraction solvent) concentration from 40% to 90% decreases the
extract moisture from approximately 14% to less than 10% and
enhances the extraction efficiency from about 9.5% to 11.5%. On
the other hand, an increase in the plant/solvent weight ratio from
1:8 to 1:10 increases both the extract moisture and the extraction
efficiency. Moreover, the extract a-glucosidase inhibitory action
was proportionally correlated with its extraction efficiency, as
a higher efficiency resulted in a higher a-glucosidase inhibitory
percentage.

Since the neem leaf extract is intended to be adsorbed
into the adsorbent for tablet compression, its moisture is
important, and the lower the moisture, the higher the adsorbed
capacity (Rongsriyam et al., 2006). The 90% ethanol, with less
water content in the solvent, yields an extract with lower moisture
than the less concentrated ethanol. Additionally, due to the fact
that higher extraction efficiency results in more chemical contents
in the extract, it is obvious that the extract a-glucosidase inhibitory
action was proportionally correlated with its extraction efficiency.
Therefore, the condition that gives high extraction efficiency is
beneficial. For this, the 90% ethanol and the plant/solvent weight
ratio of 1:10 constituted the optimal condition in our study, which
yielded moisture content of 9.57% =+ 0.19%, efficiency of 12.43%
+ 0.32%, and a corresponding o-glucosidase inhibitory action
of 40.43% + 3.89%. Compared to other studies, this extraction
efficiency was somehow moderate, as Malaysian neem leaf
ethanolic extraction possesses efficiency of 22% (Hashim et al.,

2021), and the Nepali neem leaf only gives 5.75% of the mass
when being extracted with methanol (Lee et al., 2017). These
differences reconfirm the impact of geographic variations on the
physicochemical properties of neem (Jessinta et al., 2014).

Formulation and characterizations of film-coated tablets
containing neem leaf extract

The optimal neem leaf extract was further incorporated
into the film-coated tablets for the in-vitro/in-vivo antidiabetic
evaluations. To this end, we first determined the best adsorbent
for adsorbing the extract. Among the four common adsorbents,
the required extract/adsorbent weight ratios to completely adsorb
the extract of CaCO,, MgCO,, Syloid (silica), and calcium silicate
were 1:2.5, 1:1, 1:0.6, and 1:0.5, respectively. Thus, calcium
silicate was considered the optimal adsorbent, in our case, due
to its affordable price and high efficacy in adsorbing the extract.
Another study also suggests that calcium silicate is a potential
adsorbent for plant extraction due to its high porosity and large
specific surface area (Wang et al., 2020).

We next selected the optimal diluent (Table 3). From
the five investigated diluents (MgCO,, microcrystalline cellulose,
tricalcium phosphate, Di-tab, and Na CMC), MgCO, yielded
unflowable granules and high-friability tablets (36.69% + 0.32%)),
which were not suitable for the film-coated tablets; and Na CMC
resulted in incomplete tablet disintegration. Interestingly, although
Di-tab (dicalcium phosphate dihydrate) is a water-insoluble
excipient that has been popularly utilized in controlled-release
formulations (i.e., the matrix-type tablets) (Zhang and Schwartz,
2000), in our case, Di-tab yielded tablets with the shortest
disintegration time (2.65 £ 0.04 minutes) with appropriate friability
(0.05% + 0.005%). This could be due to the high amount of the
extract in the tablet (>40%) since an incorporated drug quantity of
more than 5% w/w resulted in rapid tablet disintegration and burst
release (Mulye and Turco, 2008). Thus, due to its inexpensiveness,
ease of manufacturing, and ability to disintegrate the tablet
fast, Di-tab has been selected as an optimal diluent for the next
investigations.

After selecting the optimal diluent, we varied the ratios
of'the diluent (Di-tab: 20% and 29.5% w/w), binder (PVP K30: 1%
and 2% w/w), and disintegrant (croscarmellose: 1%, 2%, and 3%
w/W) to obtain the best tablets with suitable properties, in terms
of friability and disintegration time (Table 4). Since the uncoated

Table 2. Effects of ethanol concentration (40%, 60%, and 90% v/v) and plant/solvent weight ratio (1:8, 1:9, and 1:10 w/w) on neem leaf extract
moisture (%), extraction efficiency (%), and a-glucosidase inhibitory action (%). The results are expressed in mean + SD (n = 3).

No. Ethanol concentration Plant/solvent weight ratio Moisture (%) Extraction efficiency (%) a-Glucosidase inhibitory action (%)
01 40 1:8 12.87+0.31 9.34+0.10 17.39 £0.52
02 40 1:9 12.94+£0.25 9.55+0.11 17.81+£0.34
03 40 1:10 14.91+£0.27 9.60 £ 0.12 17.73 £0.46
04 60 1:8 9.52+0.21 9.83+0.25 17.99 £ 0.50
05 60 1:9 11.52+0.30 10.46 £0.21 2243+ 1.12
06 60 1:10 11.82+0.34 10.78 £ 0.29 23.70 + 1.30
07 90 1:8 8.13+£0.22 10.27 £0.30 21.36 £ 1.76
08 90 1:9 9.58 £0.28 11.48 +0.28 33.41+2.45
09 90 1:10 9.57+0.19 12.43+£0.32 40.43 +3.89
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Table 3. Effects of different diluent types on the properties of the uncoated tablets/granules containing neem leaf extract. Data are expressed in
terms of mean + SD (n = 3). Na CMC: sodium carboxymethylcellulose.

MgCO, Microcrystalline cellulose Tricalcium phosphate Di-tab Na CMC

Granules

Moisture (%) 4.12+0.03 3.79 £ 0.04 3.47+0.03 3.23+£0.04 4.224+0.05

Apparent density (g/ml) 0.4254 +0.0023 0.5282 +0.0017 0.6442 £ 0.0013 0.6635 +0.0011 0.6133 £0.0015

Flowability (s/100 g) Unflowable 11.60 +0.09 13.60 £ 0.05 12.80 +£0.05 7.10 £ 0.05
Uncoated tablets

Friability (%) 36.69 +0.32 0.040 + 0.009 0.050 + 0.005 0.050 + 0.005 0.020 + 0.008

Disintegration time (minute) 1.58 £0.06 10.24 £ 0.06 4.46 £0.05 2.65+0.04 Incomplete disintegration

Table 4. Effects of diluent (Di-tab: 20% and 29.5%), binder (PVP K30: 1% and 2%), and disintegrant (croscarmellose: 1%, 2%, and 3%) on the
properties of the uncoated tablets/granules containing neem leaf extract. Data are expressed in terms of mean = SD (n = 3).

Ingredient (%) Property
Formula ab (Diluenty  PVP K30 (Binder) %‘::f::;gf;‘;’:)e Apparent density (g/ml) Friability (%) DiSi“t(englir:l:it‘;‘ time
1 20% 1% 1% 0.5372 + 0.034 0.31 = 0.008 2.84+0.05
2 20% 1% 2% 0.6159 +0.0019 0.28 = 0.006 1.50 + 0.03
3 20% 1% 3% 0.5838 + 0.0028 0.29 = 0.006 124+0.04
4 20% 2% 1% 0.5907 + 0.0026 0.15 % 0.005 3.85+ 0.06
5 20% 2% 2% 0.5982  0.0023 0.15 % 0.004 1.89 +0.03
6 20% 2% 3% 0.5961 + 0.0023 0.16 % 0.004 178+ 0.04
7 29.5% 1% 1% 0.6693 + 0.0011 0.28 + 0.005 3.28 4 0.06
8 29.5% 1% 2% 0.6722 +0.0014 0.26 % 0.004 2.44£0.05
9 29.5% 1% 3% 0.6848 + 0.0015 0.25 + 0.003 175 + 0.05
10 29.5% 2% 1% 0.6712 £ 0.0015 0.13 % 0.004 410006
1 29.5% 2% 2% 0.6598 + 0.0017 0.14 % 0.005 3.08 + 0.04
12 29.5% 2% 3% 0.6687 + 0.0016 0.15 % 0.005 225+0.05

tablets need to possess low friability of <0.5% to be appropriate
for film-coating and a short disintegration time of <5 minutes to
be completely broken down in the digestive system, the amount of
binder and disintegrant should be carefully considered. To this end,
all formulas possess suitable friability of <0.5% and disintegration
time of <5 minutes (Table 4). Notably, the tablet friability was
mainly correlated to the binder (PVP K30) amount (i.e., the more
the PVP K30 amount, the less the tablet friability). On the other
hand, the tablet disintegration time was affected by both the binder
and disintegrant (croscarmellose) amounts, as an increase in the
PVP K30 amount resulted in longer disintegration times, whereas
the croscarmellose amount reduced this time significantly. Since
PVP K30 enhances tablet hardness, it takes more time for the
solvent to diffuse into the tablet cores and disintegrate them
(Paramita et al., 2020). Croscarmellose, a superdisintegrant, aids
tablet disintegration by rapid swelling and “wicking” (i.e., the
material—air/material-material interface is spontaneously replaced
by the material-water interface, consequently maintaining the
capillary flow) when interacting with water (Desai et al., 2014).
Conclusively, formula 2 (20% Di-tab, 1% PVP K30, and 2%
croscarmellose) was selected for further investigation.

Finally, the optimal uncoated tablets were film-coated
to yield the complete products. Due to the fact that the tablets

contain a large amount of neem leaf extract, it should be moisture-
protected. For this, we first investigated the optimal moisture-
resistant film-forming agent. Among various film-coating
excipients of PVA, Hydroxypropyl methylcellulose (HPMC),
and Eudragit E100, PVA was the optimal one since HPMC and
Eudragit E100 produced wet and sticking tablets (data not shown).
Thus, PVA was selected due to its low cost and moisture-lowering
properties. Additionally, a 5% PVA ethanolic solution was the
suitable agent, as higher percentages of PVA yielded an uncoatable
solution. Moreover, the optimal spraying pressure and speed were
5 psi and 5%, respectively, and higher values produced wet and
sticking tablets. Summing up, the best coating condition was using
a 5% PVA ethanolic solution, with a spraying pressure of 5 psi and
a spraying speed of 5%.

The complete film-coated tablets containing the neem
leaf extract were then evaluated for their moisture protection
ability in comparison with the commercial products. Expectedly,
compared to the other film-coated tablets containing herbal
extracts, like “Diep Ha Chau” (Phyllanthus urinaria extract),
“Pylantin” (P. urinaria extract), “Dan Sam Tam That” (Panax
notoginseng and Salviae miltiorrhizae extracts), and “Giai doc
gan Tue Linh” (Eurycoma longifolia and Solanum procumbens
extracts), our products possessed similar moisture of <10% in the
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Figure 1. In-vitro o-glucosidase inhibitory percentages of the neem leaf extract
(NL extract, 30 mg/ml) and the film-coated tablets containing neem leaf extract
(NL tablets, 30 mg/ml equivalent to the extract) in comparison with the negative
control and the reference drug Glucobay (acarbose 5, 10 mg/ml) (n = 3).

ambient temperature of 25°C and 75% humidity for >6 months.
This indicates that the PVA film-forming layer is effective in
moisture-protecting the tablets.

In-vitro/in-vivo antidiabetic evaluation of film-coated tablets
containing neem leaf extract

Neem leaf extracts have been proved to possess
strong antidiabetic activities in both in-vitro and in-vivo studies
(Akinola et al., 2011; Akpan et al., 2012; Hashim et al., 2021;
Kazeem et al., 2013; Lee et al., 2017, Shrivastava et al., 2012).
The main component contributing to neem antidiabetic actions
is the 3-deacetyl-3-cinnamoyl-azadirachtin (Jalil et al., 2013).
Nevertheless, to the best of our knowledge, no research has been
reported on the formulations and in-vitro/in-vivo antidiabetic
evaluations of the film-coated tablets containing the neem leaf
extract. Thus, we further tested the tablets’ antidiabetic properties
in the in-vitro a-glucosidase inhibitory assay and in-vivo mice
glucose tolerance test.

In the in-vitro study, the neem leaf extract, at a
concentration of 30 mg/ml, demonstrated acceptable a-glucosidase
inhibitory activity (43.43%) in comparison with the commercial
drug Glucobay (acarbose) (Fig. 1). The neem leaf extract action in
our result was lower than that in the previous study in Nigeria, which
showed that the extract’s IC, value, on a similar assay, was 8.7 mg/
ml (Kazeem et al., 2013). This, again, suggests that the cultivation
geography significantly affects the biological properties of neem.
Surprisingly, although the extraction efficiency of the neem leaf
ethanolic extract was only 2.25% in the Nigerian study (Kazeem
et al., 2013), lower than that in our work (12.43%), the Nigerian
neem showed better a-glucosidase inhibitory activity than our
neem extract. Thus, relationships between the plant’s extract mass
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Figure 2. In-vivo mice glucose tolerance tests on the neem leaf extract (NL
extract, group IIT) and the film-coated tablets containing neem leaf extract (NL
tablets, group IV) in comparison with the negative control (water, group 1) and
the reference drug Diamicron (gliclazide 20 mg/kg, group II) (n = 3).

and its biological activities need to be critically investigated, as
they might not be proportionally correlated. In terms of the tablet
efficacy, the film-coated tablets containing equivalent amounts
of the neem leaf extract demonstrated a similar a-glucosidase
inhibitory percentage (43.33%) compared to the respective extract
(43.43%). This indicates that the formulating processes and the
tablet excipients did not significantly affect the extract activity.

In the in-vivo study (Fig. 2), compared to the negative
control group (i.e., mice fed water), mice fed the commercial drug
Diamicron (20 mg/kg), the neem leaf extract (200 mg/kg), and
the film-coated tablets containing the neem leaf extract (200 mg/
kg, equivalent to the extract concentration) had significantly lower
blood glucose levels. These data reconfirmed the antidiabetic
effects of the neem leaf extract. Additionally, the film-coated
tablets could preserve these effects without any interference
from the formulation processes and the excipients. Regarding
the differences in the blood glucose patterns between our tablets
and the reference, Diamicron, it is possible that the neem leaf
extract and Diamicron possessed different mechanisms of action.
The neem leaf extract acts as an a-glucosidase inhibitor, whereas
Diamicron belongs to the sulfonylurea group. Thus, the extract was
effective in managing the post-diet fast sugar (i.e., 30 minutes),
but not the long-term sugar (i.e., 60 and 120 minutes), leading to a
higher long-term sugar compared to the Diamicron effects.

CONCLUSION

For the first time, moisture-resistant film-coated tablets
containing the neem (4. indica A. Juss) leaf extract were developed
and evaluated in-vitro/in-vivo for diabetes treatment. The optimal
formula consists of 20% calcium silicate as adsorbent, 20% Di-
tab as diluent, 1% PVP K30 as binder, 2% croscarmellose as
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disintegrant, and 5% PVA as film-coating agent, which possesses a
suitable disintegration time of <5 minutes and a moisture-resistant
property comparable to the commercial products. The tablets
could well preserve the neem leaf extract’s antidiabetic activities
in both the in vitro a-glucosidase inhibitory assay and in-vivo mice
glucose tolerance test. Conclusively, the moisture-resistant film-
coated tablets containing the neem leaf extract could be further
investigated, especially in subclinical and clinical trials, to become
a potential antidiabetic pharmaceutical product.
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