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Abstract vivo  anti-inflammatory  effect = was
investigated using albino rats while limping
behaviour, knee swelling and percentage
arthritic inhibition were assessed. The batch
B SDC exhibited the best in vitro release and
had a 2.4-fold increase in solubility relative
to batch A. DSC thermograms showed
reduction in curcumin crystallinity for all
batches. FTIR did not show any chemical

Osteoarthritis (OA) 1is a progressive
degenerative joint disorder characterized by
cartilage breakdown, swelling, pain, and
functional impairment. Pharmacotherapy
provides symptomatic relief limited by
adverse effects during long-term use.
Curcumin exhibits anti-inflammatory and

antioxidant properties relevant to OA ) : .
interaction between curcumin and SSG.
management  but  has  poor  oral

bioavailability. This study was aimed at Batch 1.3”ex.hlb1ted fair — flow  with
formulating and  characterizing  solid compressibility index of 17 % and Hausner’s
dispersions of curcumin using sodium starch quotient _Of 1'2'_ Batch B showe'd the least
glycolate (SSG) as the hydrophilic carrier, degradation during stability testing after 4

while assessing its therapeutic efficacy on weeks: B.atch. B achieved the highest
reduction in limping and swelling, closely

approximating diclofenac group which
served as the positive control. Percentage

osteoarthritis. The solvent evaporation
method was used to prepare solid dispersions
of curcumin (SDC) at different ratios of 1:1 AR
(Batch A), 1:2 (Batch B) and 2:1 (Batch C) of arj[hrltlc inhibition m(‘:reased oYer 28 days,
curcumin to SSG respectively. The SDCs with batch B showing s'uperlor efficacy
were evaluated for percentage loading, compared to other formulations.

aqueous solubility, flow characteristics, Keywords: Solid dispersions; curcumin;
differential scanning calorimetry (DSC) and osteoarthritis; monoiodoacetate; dissolution.
Fourier transform infrared spectroscopy

(FTIR). Stability was also evaluated. The in-
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Introduction

Osteoarthritis (OA) is one of the leading
causes of disability worldwide, particularly
among the aging population. Current
therapeutic strategies for osteoarthritis are

primarily palliative, focusing on
symptomatic relief through the use of non-
steroidal anti-inflammatory drugs
(NSAIDS), corticosteroids, and physical

therapy. However, these approaches are often
associated with significant side -effects,
limited long-term efficacy, and do not
address the underlying disease progression
(Pari et al, 2008). These setbacks have led
scientists into exploring nutraceuticals as
possible alternatives for managing OA and to
decrease the disease progression.

Curcumin, a polyphenolic compound
derived from Curcuma longa, has garnered
significant interest due to its potent anti-
inflammatory, antioxidant, and
chondroprotective properties (Aggarwal and
Harikumar, 2009). It has applications in
various disease conditions such as type 2
diabetes mellitus (Meng et al, 2013),
cardiovascular  disease (Hernandez et
al.,2016), fatty liver disease (Nabavi ef al.,
2014) and cancer (Liu et al., 2018). Despite
its therapeutic potential, the clinical
application of curcumin in OA management
remains limited due to its poor aqueous
solubility, low oral bioavailability, and rapid
systemic elimination (Fu et al, 2016). Over
the years, formulation experts have employed
several methods such as solid dispersion
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(SD) (Xu et.al., 2018); complexation
(Mohammadia et al., 2019); lipid-based
systems (Chen et al., 2018); micronization
(Seo et al., 2016); nanonization (Wong et al.,
2018); and co-crystallization (Reggane et al.,
2018) to the solubility and
bioavailability of poorly water-soluble drugs
Among these the solid
dispersion method is one of the most
successful methods.

improve

like curcumin.

In this investigation, the solid dispersion
technique was employed to boost the
solubility, stability and systemic absorption
of curcumin by dispersing it in a suitable
carrier matrix, potentially improving its
therapeutic outcomes in  osteoarthritic
patients (Choi et al/, 2018). Sodium starch
glycolate was used as a suitable hydrophilic
carrier due to its safety, minimum cost,
chemical compatibility, greater aqueous
solubility, ability to generate solid dispersion
in an amorphous form and enhancement of
significant drug absorption (Verheyen et al.,
2002; Franco et al., 2001; Shihora and Panda,
2011). Therefore, this study was aimed at
increasing curcumin’s dissolution rate and
aqueous solubility by dispersing it in sodium
starch glycolate using the solvent evaporation
method, and evaluating its anti-arthritic
effect in an animal model.

Materials and methods

Materials

Curcumin was bought as a drug sample from
ChromaDex (USA). Sodium starch glycolate
was purchased from Merck & Co., Inc.
(Germany), monoiodoacetate, 2% lidocaine,
Formaldehye 40 % (CIL chemicals, Nigeria),
ethanol, acetone, diethylaether, ethyl acetate
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(Guangdong Guanghua Sci-Tech Co. Ltd.,
China) were used. The membrane filter (0.2
um) was used to filter analyte samples. The
chemicals and solvents used in the laboratory
were of analytical grade.

Methods

Preparation of curcumin solid dispersion
(SDCs)

Using various weight ratios of drug and
carrier (w/w) (Table 1), the solid dispersions
of curcumin were formulated using the
solvent evaporation method (Yu et al, 2020).
The desired proportions of curcumin powder
and sodium starch glycolate were dissolved
in 100 ml of ethanol in a 200 ml flask

Onwunedo et al.

according to the formula in table 1. A
magnetic stirrer was used to stir the solution
continuously at a speed of 100 rpm at 50 °C
in order to evaporate the solvent from the
dispersion system. The remaining solid
dispersion was dried at room temperature
following the complete solvent evaporation
before being ground into a fine powder.
Finally, the dried SDCs were passed through
a 120-mesh screen to get dried granules of
uniform size. Three SDC batches were
prepared. The preparations were kept at room
temperature in a screw-cap vial for further
evaluations.

Table 1- Preparation of curcumin solid dispersion (SDC)

Batch Ratio of curcumin to  Quantity of Curcumin Quantity of Sodium
sodium starch (mg) starch glycolate (mg)
glycolate

A 1:1 150 150

B 1:2 150 300

C 2:1 300 150

Micromeritic Properties of the powders Tapped  density = mass

Carr’s compressibility index:

A 100 g quantity of curcumin solid dispersion
was weighed and poured into a graduated
cylinder and the volume of powder noted as
bulk volume. The bulk density was calculated
using the formula

Bulk

density 2o

bulk volume

Afterwards, the powder was tapped 100 times
manually and the volume of powder was
noted as tapped volume and the tapped
density was calculated using the formula
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tapped volume
The steps above were repeated 5 times and
the average used to calculate Carr’s index

with the formula:
(tapped density—bulk density)

Carr’s index = ,
tapped density

Hausner’s Quotient

This was calculated using the formula:
Tapped density

Hausner ratio = .
Bulk Density
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Preparation of stock solution

A stock solution containing 100 pg/ml of
curcumin was prepared. A 10 mg quantity of
curcumin was accurately weighed and
transferred into a 100 ml volumetric flask and
made up to the mark with ethylacetate. Serial
dilutions of the solution using ethylacetate
were prepared to obtain concentrations of 1-
5 ug /ml.

Preparation of standard calibration curve
The wavelength of maximum absorption
(Amax) was determined by scanning a 100
pg/ml solution of curcumin using UV-
Visible double beam spectrophotometer
[Searchtech Spectrometer, model 750N,
China] from 400-500 nm using ethylacetate
as blank. Afterwards, the absorbance of the
stock solutions in ethyl acetate at 1-5 pg/ml
were measured at 420 nm. Standard
calibration curve was prepared by plotting
average (n=3) absorbance
concentration.

versus

Estimation of curcumin in the solid
dispersions

A stock solution (100 pg/ml) was prepared by
dissolving 10 mg of powder from each batch
of solid dispersion in 100 ml volumetric flask
using ethyl acetate. The
sonicated for 15 mins and filtered through

membrane filter (0.2 um). Afterwards, a test

solution was

solution of 5 pg/ml was obtained by dilution
of the filtered stock solution. With ethyl
acetate.

The percentage of curcumin present in the
test solution of the different batches of solid
dispersion was estimated using spectroscopic

method. Maximum  absorbance  was
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measured at 420 nm against ethyl acetate as
blank. The percentage drug content was
calculated using the following formula:

Percentage (%) drug content:
amount of curcumin recovered(mg) y 100
weight of solid dispersion sample(mg)
............... 5
Amount of curcumin recovered:

measured concentration X final volume x
dilution factor.

Aqueous solubility study

An excess amount of curcumin and the
different batch samples of the solid
dispersion was added to 10ml of distilled
water in a volumetric flask at a steady
temperature of 37 °C for 24 h with
intermittent shaking at 30 min intervals.
Subsequently, the dispersion was filtered
through a Millipore membrane filter, diluted
10- fold, and UV absorbance was measured
at 420 nm.

Stability testing for the solid dispersion
About 200 mg quantities solid dispersion
powders from different batches were added
to the evaporating plate and then stored in an
oven at 40 °C for one month, to determine the
stability of the solid dispersion. The
concentration of curcumin in the solid
dispersion was measured every 7 days by
preparing a test solution of S5pg/ml from each
batch and obtaining the absorbance which
was then fitted to the calibration curve.
Percentage reduction was calculated for each
week using the formula;

Percentage reduction
initial value—final value

) =
x 100; (Lukulay and

initial value

Hokanson, 2005)
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Characterization of prepared SDCs
Fourier Transform Infrared Spectroscopy
(FTIR)

A 1 g quantity of the sample was weighed
using analytical weighing balance and
transferred to the mortar. Afterwards, 1 g of
potassium bromide (KBr) was added, grinded
and homogenized. Then, 5 ml of nujol oil was
mixed with the mixture in the mortar to give
a paste-like mixture. The paste-like sample
was loaded on the sample compartment and
placed on the sample holder in the machine
to allow IR radiation to pass through the
sample for interaction with the sample, and
the peak absorbance against wavelength was
detected and displayed on a computer system
connected to the FTIR spectrometer (Bulk
scientific, model 530). This procedure was
followed for all the samples (Curcumin,
Sodium starch glycolate, batch A, batch B,
and batch C).

Differential Scanning Calorimetry (DSC)
A 3 mg sample of pure curcumin, sodium
starch glycolate and the various formulated
batches respectively was placed in a sealed
aluminium pan and analyzed from 20 to 400
°C under nitrogen flow at a rate of 10 °C per
minute using a Mettler Toledo DSC machine.
Formulation of SDC capsules

A 300 mg quantity of SDC powder from a
batch was weighed and poured into an empty
capsule shell that was previously weighed
and the result recorded. This was done for 25
capsules for the different batches.

In vitro dissolution study of capsules
Using an in vitro dissolution test, the
performance of SDC capsules from the
batches were observed and they were done
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following the paddle method (USP Apparatus
2) by a dissolution tester (Electrolab, India),
where phosphate buffer solution at pH 6.8
was used as the medium. A capsule from each
batch was added to the phosphate buffer of
900 ml and it was maintained
thermostatically at 37 £ 0.5 °C at 100 rpm
(paddle speed). 4 ml specimens
withdrawn from the dissolution vessel at

were

specific time intervals of 1, 2, 3, 4, 5, 6 hours
and then filtered. The vessel was refilled with
4 ml of phosphate buffer solution to maintain
the volume of dissolution medium. The 4 ml
of filtered solution was diluted to 10 ml of
distilled water in a volumetric flask. Drug
content of curcumin at each point was
assayed by measuring absorbance at 420 nm
with the help of a UV-spectrophotometer
(Shimadzu  UV-1800, Japan). Three
replicates of each measurement were carried
out and the mean value was calculated to
obtain the dissolution profile.

In vivo evaluation of SDCs

A total of 30 albino rats (weighing 100-150
g) were obtained from the Animal Facility of
the Department of Veterinary Physiology and

Pharmacology, University of Nigeria,
Nsukka. The animals were transferred to the
animal house of the Department of

Pharmacology and Toxicology, Nnamdi
Azikiwe University where they were used for
the experiment. They were housed in clean
metal cages in groups of five (5), supplied
potable water and fed with growers’ chicken
pellet feed (Guinea Feed, Nigeria). Ethical
approval was obtained from the Animal
research ethics committee of Nnamdi
Azikiwe University, Awka.
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Monoiodoacetate (MIA) - Induced OA
Osteoarthritis was induced in rats by intra-
articular administration of MIA following a
previously  published  method  with
appropriate modifications (Pitcher et al,
2016). Briefly, a single intra-articular
injection containing 1 mg of MIA in 50 pL of
solution was administered into each knee
joint through the infrapetellar region. The
MIA was dissolved in physiological saline.
Local anaesthesia was provided using 2 %
lidocaine before the injection procedure.
Treatment with distilled water (negative
control group), diclofenac (positive control
group) and test formulations commenced one
day after MIA induction and continued for
the designated experimental period of 28
days. The extent of limping and swelling
were the parameters used to determine the
degree of inflammation and arthritic
condition in the animals.

Inhibition percentage was calculated using
the following formula:
Percentage inhibition

100 X

Onwunedo et al.

Administration of the treatment started a day
post MIA induction. On the last day of the
treatment duration, two (2) animals from
each group were euthanized by CO:
asphyxiation and soft tissues were removed
from the medial and lateral joint capsule of
contralateral saline treated femorotibial
joints. Tissue samples were prepared for light
microscopy using standard procedures.
(Guzman et al., 2003). Briefly, samples were
fixed in 10 % phosphate-buffered formalin
and subsequently decalcified in 5 % formic
acid for 72 hours. Frontal sections of
femorotibial joints were routinely processed
to H&E (Hematoxylin and Eosin) slides and
examined under the light microscope. All
experimental procedures were conducted in
accordance with the applicable institutional
guidelines for care amd use of laboratory
animals and were approved by the Animal
research ethics committee of Nnamdi
Azikiwe University, Awka under approval
number NAU/AREC/2025/0184

mean constrictions in control group—number of constrictions S‘tMﬁiﬁIﬁﬁﬂﬂalysis

mean constrictons in control group

Treatment Procedure

The rats were randomly divided into five
groups of six rats in each group. Group 1
received distilled water orally (negative
control group), group 2 received 50 mg/kg of
diclofenac (positive control), group 3
received 50 mg/kg of batch B, group 4
received 50 mg/kg of batch A, group 5
receive 50 mg/kg of batch C (Nicoliche et
al.2022).
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The results obtained were presented as mean
+ standard deviation (SD) using Microsoft
excel 2021 and GraphPad Prism version 8 for
graphical presentation.

Results

The Compressibility of the
formulated curcumin solid dispersions (Table
2) showed that Batches A and B had Carr’s
Index values within the range of 15-22 %,
indicating acceptable flow characteristics.
Batch C exhibited a Carr’s index value
greater than 22 9%, suggesting poorer
flowability relative to the other batches.

indices
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Table 2: Carr’s index of batches

Batch Carr’s Index %
A 17.19
B 18.12
C 29.17

Key: Batch A (1:1 of curcumin to SSG); Batch B (1:2 of curcumin to SSG); Batch C (2:1 of
curcumin to SSG)

The results of the Hausner’s quotient (Table 3) shows that Batches A and B had values of 1.208
and 1.222, respectively, suggesting moderate flow characteristics. In contrast, Batch C exhibited a
markedly higher Hausner’s quotient value of 1.412, placing it within the “very poor” flow
category.

Table 3: Hausner’s quotient for the different batch ratios

Batch Hausner ratio
A 1.208
B 1.222
C 1.412

Key: Batch A (1:1 of curcumin to SSG); Batch B (1:2 of curcumin to SSG); Batch C (2:1 of
curcumin to SSG)

Percentage curcumin content of the different batch ratios of SDC

The percentage drug content of the curcumin solid dispersions varied notably among the three
batches. Batch C exhibited the highest drug content, 63.59 %, followed by batch A, 44.79 %, while
the batch B displayed the lowest content, 32.99 %. This pattern indicated that the batches differed
markedly in proportion of curcumin recovered during analysis.
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Figure 1: Percentage curcumin content in the different batches of SDC
Key: Batch A (1:1 of curcumin to SSG); Batch B (1:2 of curcumin to SSG); Batch C (2:1 of
curcumin to SSG)

Aqueous solubility of the different ratios of SDC

The aqueous solubility of curcumin was evaluated for the three solid dispersion batches containing
different drug: polymer ratios (1:1, 1:2, and 2:1). All solid dispersion batches showed markedly
higher aqueous solubility than pure curcumin (Figure 2).

Both Batch B and Batch C exhibited significantly enhanced solubility compared to Batch A and
the pure drug. Batch B, which contained a highest proportion of polymer, demonstrated
approximately a 2.4-fold increase in solubility relative to Batch A.
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Figure 2: Aqueous Solubility of the different batch ratios of SDC
Batch A (1:1 of curcumin to SSG); Batch B (1:2 of curcumin to SSG); Batch C (2:1 of curcumin
to SSG)
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Fourier Transform InfraRed Spectroscopy
The FTIR spectrum of curcumin exhibited characteristic absorption bands at approximately 3500
m™!, at 3000 cm™, 1600 cm!, 1281-1243 cm™! which were assigned to O-H stretching, aromatic
and aliphatic C-H stretching, aromatic C=C stretching and C-O stretching vibrations, respectively.
These bands were consistent with the characteristic functional groups present in curcumin.
The FTIR spectrum of sodium starch glycolate displayed a broad absorption band around 3416
cm™! attributable to O-H stretching vibrations and a distinct peak at approximately 2923 cm’!,
corresponding to C-H stretching vibrations. Bands in the region of 1604-1400 cm™ were assigned
to vibrations associated with carboxylate groups, while absorptions between 1200-1000 cm™ were
attributed primarily to C-O-C and C-O stretching vibrations characteristic of polysaccharides.
Additional bands were observed in the fingerprint region below 1000 cm.
The FTIR spectra of the different batches of curcumin solid dispersion batches A, B, and C retained
absorption bands within the aromatic stretching region of 1420-1510 cm’!, together with bands
attributable to O-H, C-H, and C-O vibrations. Some differences in band position, width, and
intensity were observed among the formulations. These spectral variations may reflect differences
in the local chemical environment of the functional groups following incorporation of curcumin
into SSG matrix.
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Figure 3: FTIR spectra of curcumin(3A), Sodium starch glycolate (3B), batch A (3C), batch
B (3D) and batch C (3E).
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Figure 4: DSC thermogram of curcumin(A), Sodium starch glycolate (B), batch A (C),
batch B (D) and batch C (E).

Figure 4 shows DSC thermograms of sodium starch glycolate, curcumin and batches A, B and C.
Curcumin exhibited a distinct endothermic peak in the approximate temperature range of 175-185
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°C, consistent with its melting transition and crystalline nature. SSG showed a broad thermal event
below 100 °C, which may be associated with the loss of moisture or other thermally induced
changes in the hydrophilic polymer.

In the thermograms of batches A, B, and C, the characteristic endothermic peak observed for
curcumin was not detected. Batch A exhibited thermal features attributable to the polymer while
Batch B showed a broad endothermic event in the approximate range of 50-100 °C. Batch C
exhibited a thermal event at approximately 65.1 °C. The disappearance of the characteristic
curcumin endotherm in the formulated batches indicates that the thermal behaviour of curcumin
in the formulations differed from that of the pure drug. This observation may be associated with a
reduction in detectable crystalline curcumin or changes in the physical state of the drug or
interactions during drying.

The release study of curcumin solid dispersions was conducted to determine the percentage release
over a 6-hour period for the three batches (A, B, and C). Batch A showed a moderate release profile
with a rapid onset of release. Peak release was observed at 2 hours, after which the release
plateaued gradually and showed a slight decline. Batch B exhibited a comparatively steady and
prolonged release pattern. Maximum drug release occurred between 2 and 3 hours, followed by a
gradual decrease. The release remained higher than the other batches during the later hours of the
study. Batch C demonstrated a faster but less sustained release, with distinct peaks at 2 and 3 hours
and a notable drop thereafter. Across all formulations, peak drug release occurred between 2 and
3 hours after which the release rate declined. However, Batch B maintained the most stable release
over an extended period compared to Batches A and C.
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Figure 5: Percentage release (%) of different curcumin solid dispersion (SDC) batches
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Batch A (1:1 of curcumin to SSG); Batch B (1:2 of curcumin to SSG); Batch C (2:1 of curcumin
to SSG)

Stability studies

The stability study of the three curcumin solid dispersion batches was conducted over a 4-week
period, assessing the percentage reduction in drug content during storage (Figure. 6). For Batch A,
percentage drug reduction rose markedly from 34.76 % at week 2, to 66.1 % at week 3, reaching
76.26 % at week 4. Batch B demonstrated a similar trend, with percentage reductions of 35.76 %
at week 2, 66.79 % at week 3 and 72.86 % at week 4. Batch C showed progressive reductions of
36.34 %, 67.24 %, and 71.82 % at weeks 2, 3, and 4 respectively.
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Figure 6: Percentage reduction (%) of different SDC ratios over a period of 4 weeks
Batch A (1:1 of curcumin to SSG); Batch B (1:2 of curcumin to SSG); Batch C (2:1 of curcumin
to SSG)

In vivo studies of arthritic induced animals

Limping behaviour was assessed as an indicator of joint inflammation and pain response in
arthritic animal models. Animals in the control group (Group 1) showed significant locomotor
impairment, with only 28.6 % exhibiting no limping, 57.1 % exhibiting mild limping and 14.3 %
showing severe limping. This reflected persistent inflammation in untreated arthritic animals.
Treatment with diclofenac sodium produced a total of 71.4 % of treated animals with no limping,
28.6 % with only mild limping and none displaying severe limping. Among the curcumin solid
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dispersion formulations, Group 4 (batch B) demonstrated the highest improvement, with 85.7 %
of animals showing no limping and 14.3 % showing mild symptoms. Group 3 (batch A) exhibited
moderate improvement, with 57.1 % of animals showing no limping and 42.9 % showing mild
limping. Group 5 (batch C) showed improvement similar to Group 4, indicating good therapeutic
performance.

Knee swelling was also assessed as a key indicator of inflammation and arthritic progression over
a one-month period across five treatment groups. No severe swelling was recorded. Group 3 (batch
A) showed a moderately less favourable response, with only 14 % of animals showing no swelling
while 86 % continued to show mild swelling. Group 5 (batch C) demonstrated therapeutic
performance comparable to Group 4 (Batch B) and diclofenac, showing effective reduction in
swelling without any severe swelling cases.
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Figure 7: Chart of limping and swelling behaviours (percentage value) for different
treatment groups after 28 days

Key: Group 1: distilled water (negative control); Group 2: diclofenac sodium (positive control);
Group 3: batch A; Group 4: batch B; Group 5: batch C

In the assessment of the therapeutic efficacy of the curcumin solid dispersions using percentage
arthritic inhibition as the primary index, the negative control group consistently showed the lowest
inhibition values throughout the study. Arthritic inhibition remained at 0 % from days 4 to 28,
indicating progressive joint degeneration in the absence of pharmacological intervention. In
contrast, the positive control group (diclofenac-treated) displayed a significant and steady
reduction in arthritic symptoms. Inhibition began at approximately 60% on day 4 and increased
progressively to 95 % by day 28. Among the curcumin solid dispersions, Group 4 (batch B)
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exhibited the highest therapeutic effect. Inhibition increased from approximately 75 % on day 4 to
100 % by day 28, reflecting complete suppression of arthritic symptoms. Group 3 (batch A)
demonstrated moderate outcomes. Inhibition began near 40 % on day 4, rising to 75 % by day 28.
Although it outperformed the untreated group, it lagged behind both the diclofenac and other SDC
formulations. Group 5 (batch C) showed a strong upward improvement, from approximately 60 %
on day 4 to over 95% by day 28, comparable to Groups 2 and 3.
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Figure 8: Percentage arthritic inhibition observation in the different treatment groups for
28 days

Key: Group 1: distilled water (negative control); Group 2: diclofenac sodium (positive control);
Group 3: batch A; Group 4: batch B; Group 5: batch C

Histological assessment was done using the optimized batch (batch B). The untreated osteoarthritic
group exhibited marked alterations in skeletal muscle architecture (Figure 9B), characterized by
irregular arrangements, accompanied by inflammatory cell infiltration and increased interstitial
connective tissue. In contrast, the curcumin-treated group showed a more organized arrangement
of muscle fibres, with compact instertitial spaces and no obvious inflammatory cell infiltration or
apparent tissue injury in the examined sections these observations suggest that curcumin treatment
was associated with better preservation of skeletal architecture and reduced histological evidence
of inflammation and interstitial tissue changes compared with the untreated osteoarthritic group.
Muscle fibres appeared disorganized, showing wavy and irregular arrangements rather than the
typical parallel alignment characteristic of normal muscle tissue, which the curcumin-treated group
showed. Evidence of inflammatory cell infiltration was also observed in the untreated group
alongside an increase in interstitial connective tissue, indicating the presence of fibrosis, whereas
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the interstitial spaces in the curcumin-treated group appeared compact, with no evidence of injury
or inflammatory infiltration (Figure 9A). These features indicate preserved muscle architecture
and suggest effective protection of the skeletal muscle tissue in the treatment group.

Figure 9: Photomicrograph of knee skeletal muscle tissue section (A= Treated; B= untreated)

Discussion

Dissolution is the rate liming step for less
water-soluble medications in their absorption
through the oral route. Previous research
studies (Nagabandi ef al., 2014; Hirasawa et
al., 1998; Kulkarni et al., 2012; Akbari et al.,
2015; Leuner and Dressman, 2000) have
demonstrated that the oral absorption and
effectiveness of curcumin can be enhanced
using manufacturing solid dispersions. In our
research, the solid dispersions of curcumin
were generated using solvent evaporation
system utilizing a hydrophilic carrier, sodium
starch glycolate, in different ratios. In the
aqueous solubility evaluation, there was a
marked improvement in solubility across all
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solid dispersion batches which confirmed
that dispersing curcumin in a hydrophilic
polymer matrix enhances its solubilization
potential. Increased aqueous solubility
observed in batches B and C may be
attributed to improved drug dispersion,
reduced particle size, enhanced wettability,
and potential reduction in crystallinity within
the polymer network. Sodium starch
glycolate, being a hydrophilic polymer, likely
facilitated faster water uptake and matrix
hydration, thereby increasing the dissolution
rate of curcumin. The superior performance
of Batch B supports earlier findings by Patel
et al., (2021), who demonstrated that higher
polymer concentration improves drug-



Evaluating the potential of a solid dispersion of curcumin in the management of osteoarthritis

polymer interactions and  molecular
dispersion, thereby enhancing aqueous
solubility. Meanwhile, the high solubility
observed in Batch C despite its increased
drug load suggests that the dispersion and
hydration dynamics of the matrix were
sufficiently optimized. This aligns with the
observations of Vasconcelos et al. (2016),
who reported that solid dispersions can
maintain improved solubility at higher drug
loads provided crystallinity reduction is
achieved and the matrix hydrates rapidly.

For the percentage curcumin release, batch C,
which contained a higher proportion of
curcumin relative to SSG, exhibited the
highest experimental drug content (63.59%).
Conversely, batch B, which contained twice
as much SSG as curcumin, exhibited the
drug (32.99%). This
observation reflects the expected influence of
formulation composition on the percentage of
drug present in the solid dispersion. The
theoretical drug contents calculated from the
curcumin-to-sodium starch glycolate ratios
were 66.67%, 50.00%, and 33.33% for
batches C, A, and B, respectively. Although,
the experimental values followed the same
ranking as the theoretical values, the
measured drug contents were lower than their
respective theoretical values in all three
batches. The magnitude of these differences
varied among the formulations with batch B

lowest content

exhibiting close agreement between
theoretical and experimental values, with a
difference of only 0.34 percentage points,
batch C an intermediate difference of 3.08
percentage points and batch A largest
difference of 5.21 percentage points. The
relatively close agreement observed for batch
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B suggests that its measured drug content
most closely approximated the theoretical
composition among the three formulations.
The differences between the theoretical and
experimental drug contents may be
associated with factors arising during the
formulation preparation, sample handling, or
analytical determination such as processing
losses, incomplete extraction of curcumin
from the solid dispersion and analytical
variability. (ICH Q2(R2) Guideline,2023)

In our DSC experiment, the absence of the
characteristic curcumin melting endotherm
suggests that the thermal behaviour and
detectable crystalline state of curcumin were
altered following formulation with SSG. This
observation may indicate a reduction in the
amount of crystalline curcumin present in the
The
observed for Batch B between approximately
50 and 100 °C and the event at 65.1 °C
observed for batch C may be associated with
moisture-related or other thermal transitions
involving the hydrophilic polymer matrix..
Overall, the DSC findings indicate that the
thermal characteristics of curcumin changed
following formulation with SSG. Although
the disappearance of the characteristic
melting endotherm is consistent with possible
reduction in detectable crystalline curcumin,
further solid-state characterization would be
required to confirm the extent of
amorphization or molecular dispersion in the
individual batches (Marano ef al., 2016).
The FTIR spectra of curcumin, SSG, and
their solid dispersion formulations revealed
characteristic absorption bands associated
with the functional groups of the individual
components. The persistence of several

formulations. broad thermal event
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characteristic curcumin bands in batches A,
B, and C suggests that these functional
groups remained detectable following
formulation.

Differences in position, width and intensity
of selected absorption bands among the
formulations suggest that the incorporation of
curcumin into SSG matrix may have altered
the local chemical environment of some
functional groups. Changes involving O-H
stretching bands may be consistent with
intermolecular  interactions,  including
hydrogen bonding, between curcumin and
the polymer. However, because band shifts
and broadening can arise from several
factors, including overlapping absorptions
and differences in the physical environment,
the FTIR results alone do not establish the
presence or relative strength of hydrogen
bonding in the individual batches. Similarly,
the retention of characteristic absorption
bands does not exclude changes in the
physical state or molecular arrangement of
curcumin within the formulations. The
observed spectra provide no definitive
evidence of new covalent bond formation,
although the possibility of non-covalent
interactions  cannot be  conclusively
established from FTIR alone. Overall, the
FTIR findings are consistent with the
incorporation of curcumin into SSG matrix,
with possible changes in the local chemical
environment of some functional groups.

The dissolution behaviour of Batch A
showed an initial rapid release due to
sufficient wetting and surface exposure of
curcumin, then a subsequent plateau and
slight decline. Although the equimolar ratio
provided balance, it was not optimal for
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maintaining higher release over prolonged
durations.

Batch B displayed a more sustained and
extended-release profile, likely due to its
higher polymer content, which enhances
drug-polymer interactions,
solubilization, and delays recrystallization.

wetting,

This interpretation aligns with Rajalakshmi et
al. (2019), who reported that increasing
carrier improves
amorphization, reduces drug aggregation,
and significantly enhances the dissolution
rate of poorly soluble drugs. Batch C released
curcumin rapidly but could not sustain the
release beyond 3 hours. This may be due to

concentration

insufficient carrier content leading to

incomplete dispersion and precipitation of
undissolved curcumin. This observation is
reported by previous studies by Rao and
Prasad (2018), who found that higher drug

loading accelerates crystallization and
reduces long term  solubility and
bioavailability. Comparatively, Batch B

demonstrated superior prolonged release
behavior, suggesting that higher polymer
concentrations improve the solubility and
sustained dissolution of curcumin. This
concurs with findings by Patel et al. (2016),
who reported that enhanced polymer content
increases  surface wetting, and
molecular dispersion, resulting in improved
dissolution performance.

area,

The increasing percentage reduction of
curcumin across all batches confirms that
curcumin degrades progressively during
storage, consistent with the known sensitivity
of curcumin to environmental stressors such
as temperature.
However, the relatively lower degradation

moisture, oxygen and
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in Batch B that
formulation with higher polymer-to-drug
ratio (1:2) may improve stability. These
findings align with previous studies on the
stability of curcumin solid dispersions. Hazra
et al. (2015) and Ireson et al. (2001) reported
that polymeric carriers such as PVP and

observed indicates

cellulose derivatives improve both solubility
and chemical stability of curcumin by
forming stronger intermolecular interactions
and helping maintain the amorphous state of
the drug. Similarly, Tran ef al. (2019) found
that dispersions containing higher polymer
concentrations demonstrated superior storage
stability under accelerated conditions. The
enhanced stability in Batch B may be
attributed to the greater availability of
hydrophilic which
additional hydrogen bonds with curcumin,
restrict molecular motion, and create a
microenvironment that minimizes exposure
to degradation triggers such as moisture and
oxygen. This agrees with the general
principles of solid dispersion technology,

carrier, can form

which state that increasing carrier content
often reduces degradation rates (Patel et al.,
2021). Overall, the results suggest that the 1:2
polymer-to-drug ratio (Batch B) provides the
most favourable stability profile, making it
the most suitable formulation for maintaining
curcumin integrity during storage.

Among the curcumin solid dispersions, the
superior  improvement in  locomotor
performance observed in Group 4 (batch B)
suggests enhanced bioavailability at this
drug-to-polymer ratio. This is consistent with
findings by Patel et al. (2021), who noted that
hydrophilic carriers
curcumin dissolution and absorption, thereby

polymer improve
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enhancing therapeutic outcomes. The
moderate improvement in Group 3 (batch A)
may indicate limited dispersion efficiency at
this ratio, potentially reducing curcumin
release and absorption. This highlights the
importance ~ of  optimizing
concentration for effective solid dispersion

polymer

performance. The strong response in Group 5
(batch C) is supported by studies by Rahman
et al. (2022), which showed that formulations
with
maintain or enhance anti-inflammatory
potential up to a certain threshold. Again, the
strong response in reducing swelling seen in
SDC with batch B (Group 4) reflects
improved
delivered

increased curcumin content can

curcumin performance when
via solid dispersion. This
corresponds with studies by Patel et al
(2021),
inflammatory activity to improved solubility,
dissolution, and systemic availability of
curcumin in polymer-based dispersions. The
SDC with batch A (Group 3) gave a
comparatively weaker response which could

which attribute enhanced anti-

suggest that the 1:1 ratio may limit curcumin
release or absorption, reducing therapeutic
efficiency. Although no severe swelling was
observed, the reduced number of animals
with complete swelling resolution indicates
suboptimal dispersion at this ratio. Batch C
solid dispersion (Group 5) produced
improvements in swelling resolution,
indicating that curcumin-rich dispersions can
maintain  substantial  anti-inflammatory
efficacy. This agrees with findings by Song
et al. (2016), which highlight the role of
increased surface area and enhanced
permeability in improving curcumin activity

within solid dispersion systems. The
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enhanced efficacy can be attributed to
improved properties
increased molecular dispersion of curcumin
in these formulations.

For the percentage arthritic inhibition, the
poor inhibition observed in the negative
control group aligns with earlier findings by
Bendele (2001), who reported persistent
inflammation and cartilage erosion in MIA-
induced OA when
administered. Then the superior therapeutic
performance of batch B (Group 4) suggests
enhanced Dbioavailability and sustained
release of curcumin at this polymer-to-drug
ratio. This function is buttressed by a
that
matrices

dissolution and

no treatment is

previous study which reported
hydrophilic  solid dispersion
markedly enhance dissolution, absorption,
and anti-inflammatory activity of curcumin.
(Patel al.,  2021). The moderate
performance of batch A (Group 3) indicates
that this ratio may provide suboptimal
curcumin dispersion, resulting in reduced
systemic availability. Batch C (Group 5)

et

showed performance comparable to the batch
B, suggesting that both curcumin-rich (batch
C) and polymer-rich (batch B) solid
dispersions can achieve good anti-
osteoarthritic activity. A previous study by
Rahman et al., (2022) actually agrees with
this point where optimized curcumin solid
dispersions were observed to outperform raw
curcumin in reducing joint inflammation.
These findings indicate that curcumin solid
dispersions especially batch B with 1:2 ratio

provide comparable superior arthritic
inhibition relative to other ratios. Its
enhanced activity likely stems from

improved dissolution, enhanced mucosal
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absorption, and efficient systemic delivery,
as supported by Aggarwal and Harikumar

(2009).

Furthermore, the histological findings
revealed differences in skeletal muscle
architecture ~ between  the  untreated

osteoarthritic group and the curcumin-treated
group. The disorganized muscle fibres,
inflammatory cell infiltration, and increased
interstitial connective tissue observed in the
untreated group suggest the presence of
tissue alterations associated with the
experimental conditions (Choudhury et al.,
2014). Conversely, the more organized
muscle fibre arrangement and reduced
apparent inflammatory changes in the
curcumin-treated group suggest a possible
beneficial effect of curcumin on skeletal
muscle tissue integrity (Mobasheri et al,
2019). These observations may be relevant to
understanding the potential effects of
curcumin  on associated  with
osteoarthritic However, the

histological limited to

tissues

condition.
assessment was
skeletal muscle tissue, and the observed
changes cannot be used as direct evidence of
articular  cartilage  protection.  Further
assessment of joint tissues, including
articular cartilage and subchondral bone,
would be necessary to determine whether
curcumin exerts structural protective effects
on the osteorthritic joint.

Conclusion
Batch B (SDC ratio 1:2) had the best
properties  combining  optimal  flow

properties, high solubility, superior release,
and greater pharmacological activity.
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