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ABSTRACT

Silymarin (SM) is a herbal medicine extracted from the plant Silybum marianum. SM has many potent
pharmacological activities among which are antioxidant, anti-inflammatory, and possible wound-healing
properties. It belongs to BCS class Il thus the drug is practically water insoluble with poor dissolution. In
this paper the main aim is to modify solubility and dissolution of SM , one SD preparation method is used
which is the Kneading method (Kn). The carrier that has being used is nicotinamide(NA) , Nicotinamide
shows promise for the treatment of a wide range of dermatological conditions including autoimmune
blistering disorders, acne, rosacea, ageing skin and atopic dermatitis. In particular, recent studies have also
shown it to be a potential agent for wound healing, reducing actinic keratoses and preventing skin cancers.
Solid dispersion (SD) was characterized for percentage yield, drug content, saturation solubility, and in-
vitro dissolution study in comparing to pure drug. Formulation evaluated by Fourier-transform infrared
spectroscopy, differential scanning colorimetry, X-ray diffraction.
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INTRODUCTION
Solid dispersions are a valuable pharmaceutical
approach for improving drug solubility, absorption,
and therapeutic effectiveness in dosage forms. It
was first suggested by Sekiguchi and Obi in the
early 1960s (1).
A type of solid product termed a solid dispersion
has at least two components, often a hydrophilic
matrix and a hydrophobic drug (2).
Milk thistle seeds contain the highest concentration
of silymarin than any part of the plant (Silybum
marianum), making it an ideal source for silymarin
extraction (3).
Silymarin  belongs to class II of the
biopharmaceutical classification system (BCS)

meaning it is practically insoluble in water which
represent a challenge when formulating a dosage
form for this drug so the method chosen to enhance
the solubility and dissolution is solid dispersion (4).
The carrier chosen to proceed with is nicotinamide
(NA) , an amide of vitamin B3 (niacin) hydrophilic
endogenous  substance  which has been
demonstrated to  have  anti-inflammatory,
antioxidative, and regulatory effects on the
production of immunomodulatory proteins (5).

This main study objective is an enhancement of
solubility, the dissolution rate of poorly water-
soluble silymarin by using a hydrophilic carrier.
The SDs are prepared by Kneading technique by
using three drug: carrier ratios ( 1:1, 1:2,1:3).
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MATERIALS AND METHODS
Materials
Silymarin , Hyperchem supplied the drug (purity:
98%) (China), nicotinamide (Thomas baker
chemicals (India)).
All of the remaining materials and solvents that
were used in this paper of analytical grade.

SM solid dispersion preparation via kneading
(Kn)

Three distinct formulations (SM-SD1, SM-SD2,
and SM-SD3) were made using Kn method. In a
glass mortar, SM and NA were blended in weight
proportions of 1:1, 1:2, and 1:3, then moistened
with water drops. This process took 30 minutes.
In an oven at 50°, the paste was dried for 24 hr.
When completely dry, the powder was sieved
through a No. 60 mesh and placed in a desiccator
for further analysis (6).

TABLE 1: SD Formulas of SM Composition

Formula no. | Drug: carrier ratio
SM-SD1 1:1
SM-SD2 1:2
SM-SD3 1:3

Evaluation of SD:

Percent yield

The yield was determined to determine if the
preparation method is efficient, the following
equation is used (7).

Practical yield
4 x100

% yield =

Theoretical wt( drug+carrier)

Drug Content:

A quantity of the produced SD equal to 10
milligrams of SM was accurately weighed, and
then stirred in 20 ml of methanol. The solution
was then filtered and diluted appropriately with
the same solvent. A UV spectrophotometer with
a wavelength of 288 was used to determine the
medication concentration, and the experiment
was repeated three times (8).

drug content

Practically obtained mass
= - x 100
Theoretical mass

Saturation solubility studies

The shake—flask technique was used to conduct
saturation solubility investigations using distilled
water as the solvent. At 25 °C, an excess quantity
of SM pure powder, SD formulae, was added to
10 ml of water with nonstop shaking for a full

two days. Afterward, the samples were screened
through a filter. By the use of Millipore filter
paper (0.45 m). Distilled water was utilized to
dilute the filtrate and examined at 287 nm to
quantify the amount of SM that had dissolved

(9).

In vitro study of drug release

Utilizing USP type Il (paddle type) dissolving
test device, the drug release of two formulations
of SM- SD was investigated in vitro. As a
dissolving medium, Preheated to 37 C°, 900 ml
of phosphate buffered saline (pH 7.4) and 50 mg
of drug samples were thrown over its surface. At
regular intervals (10,20,30,40, up to 60min), 5ml
aliquots were taken and replaced with new
dissolving media. At 287 nm, the materials were
examined spectrophotometrically. This test was
performed three times.

Using the following equation, a similarity factor
was computed and used for statistical analysis of
the dissolution profiles.

f2=50- log{IOO

1 n
1+= ) (Rt— Tt)zl —0-5}

(Rt) is the reference dissolution value at time t,
(Tt) is the test dissolution value, and (n) is the
number of dissolution time points. If f2 is greater
than or equal to 50 the dissolution profile is
deemed similar. If f2 is less than 50, the
dissolution profiles are not considered similar
(10).

Selection of the best formula
The selection of best formula is based on the
results of solubility and dissolution profile .

Evaluation of the selected formula

FT-IR Spectroscopy

FTIR was used to collect the (FTIR) spectra
(Shimadzu 8300 Japan). Bromide of potassium
was used to compress samples of untreated SM,
NA, chosen formula, and PM. Within a scanning
range of 4000-0 cm-1, spectra were recorded
(112).

Differential Scanning Calorimetry (DSC):

5mg samples of SM, NA, the chosen formula,
and its PM were heated at scanning range of 10
degrees Celsius per minute in an aluminum pan
in a nitrogen environment in the 50-300 C
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temperature  range using DSC-60 plus
(Shimadzu, Japan). A comparable empty pan was
used as a comparison(11).

X- ray diffraction studies on powders (PXRD)
X- ray diffraction studies were used to evaluate
the crystalline state of pure SM, NA, a particular
SD formula and the PM of the same SD formula.
using a PXRD diffractometer (XRD-6000,
Shimadzu, Japan) The PXRD was carried out
under the subsequent circumstances: target metal
Cu, filter K, voltage 40kV, and current 30mA.
The samples were scanned at 1.5406 wavelength
across a range of 2 including 10-60° (11).

Statistical analysis

The results of the experiments were analyzed
using (ANOVA) and the outcome was reported
as the mean of triplicate samples standard
deviation (std).  Using SPSS version 29, we
determined that a significance level of (p<0.05)
was statistically significant.

RESULTS AND DISCUSSION
Evaluation of SD
The percentage yield of prepared SD
The prepared formulas showed good percentage
yield as shown in table 2.

Drug content
The drug content was found to be within the
acceptable range as will be shown in table 2.

TABLE 2: percentage yield and drug content of prepared SDs

Formula no. | Percentage yield | Drug content
SM-SD1 95 95.57
SM-SD2 99 98

SM-SD3 100% 101

Saturation solubility of pure SM and prepared
SM-SDs

The solubility of SM is 0.05 mg/ml in water, this
solubility was enhanced by the SDs formulations
as shown in the table 3 below

TABLE 3: saturated solubility of prepared SDs in mg/ml

Formula

Saturated solubility mg/ml

SM-SD1

0.235+0.03

SM-SD2

0.8+0.02

SM-SD3

0.806+0.001

When comparing the solubility of pure drug with
the SDs formulations we find a significant
(p<0.05) enhancement due to the hydrophilic
nature of the carrier . the increment in solubility
is proportional to increasing the ratio of carrier to
drug , so we notice as the ratio of carrier increase
so does the solubility ; however the increment
with 1:2 and 1:3 was not statistically different .
The method of preparation (Kn) was successful
in enhancing the solubility by 16-fold (12).

In vitro dissolution study

The release of the pure SM was compared with
the release of the SM-SD2 and SM-SD3
formulas that showed the most increase in
solubility in order to choose the best formula
since both of them increased the solubility by
almost equal folds. The dissolution of the drug
from the SDs formulations (SM-SD2, SM-SD3)
was faster, both of them gave 100 % release
within 20 min, in comparison to the dissolution
of the pure drug in a given time course, with f2
values of (9.5, 9.2) respectively. This can be
attributed to solubility enhancement, which
agrees with the Noyes-Whitney equation(13).
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FIGURE 1: In vitro dissolution rate of SM , SM-SD2 and SM-SD3 at 37 °and a phosphate buffer
saline witha pH of 7.4 .

Best formula selection

Since the solubility and dissolution profile are
very approximate for the SM-SD2 and SM-SD3 ,
SM-SD3 is the formula that will proceed to be
evaluated due to its slight better solubility and
dissolution .

Fourier transform infrared
(FTIR)

It is well known that vibrational changes can
serve as a probe of intermolecular interactions in
solid materials. Characteristic peaks of silymarin
appeared at 3440.39 cm™? (-OH stretching
vibration), 2947 cm* (O-H stretching), 1637.27
cm (C=0 stretching), 1511-1461 cm™
(skeleton vibration of aromatic C=C ring
stretching), 1361 cm (-OH in-plane bending),

spectroscopy
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1272 cm™ (C-O-C stretching), 1081-1161 cm
(in-plane = C-H bending) and 642.18-823 cm
(Figure 4). These results agreed with previously
reported studies(14).

FTIR spectra of NA (Figure ) showed the
appearance of the characteristic amino group —
NH2 symmetric stretching vibrations at 3364
cm. The C=0 stretching also appeared at 1618
cm? and the —-CN stretching vibrations also
appeared at 1422 cm! which correspond with the
recorded values in the literature (15).

The SM skeleton in the best formula was not
altered by the addition of the carrier indicating a
lack of interaction. This states that the drug was
molecularly dispersed in the carrier without any
interactions.
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FIGURE 2: FTIR of SM, NA, SM-SD3

Differential scanning calorimetry

The DSC thermograms are shown in Figure 3.
For SM powder, a sharp endothermic peak was
observed at 179.19 C, corresponding to its
melting point (16). The melting endotherm for
NA was observed at 130.80 C as in previous
studies. The DSC analysis showed a slight

DsC
mwW

decrease in NA m.p. but it’s still in crystalline
state. However, the endothermic peak of SM
was not observed in SDs. These results suggested
that SM was present in a different state in the
SM-SD, meaning that SM have turned into an
amorphous state explaining the increment in
solubility and dissolution behavior (17).
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FIGURE 3: DSC of SM, NA , SM-SD3

Powder X-Ray Diffraction (PXRD)

pattern of silymarin, NA and solid dispersions
prepared by Kn are shown in Fig2. The locations
of the most prominent peaks at 20 of 14 °, 17 °,
19 °, and 24° (Figure 3-A), which confirm the
crystalline structure of the drug. The pattern of
NA showed characteristic diffraction peaks at 260

© of 150, 24.810, 26.43-. indicating that the
carrier was also in crystalline state. the pattern of
best formula showed disappearance of the
characteristic peaks meaning the conversion of
the drug to amorphous form which helps in
explaining the solubility enhancement(118).

A A A A A g

J Popul Ther Clin Pharmacol Vol 30(13):e286—e293; 13 May 2023.
This article is distributed under the terms of the Creative Commons Attribution-Non
Commercial 4.0 International License. ©2021 Muslim OT et al.

e291



Enhancement of silymarin solubility and dissolution by nicotinamide-based solid dispersion employing the

kneading method

e e e R e e I T I e R R R

FIGURE 4: PXRD of SM, NA, SM-SD3

CONCLUSION
The solubility and dissolution of SM-SD showed
great improvement compared to unprocessed
SM. The SM-SD3 which was prepared by Kn
method in 1:3 drug: carrier ratio showed 16-fold
increase in solubility and great enhancement in
dissolution rate.
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