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Abstract

Background: Rheumatoid Arthritis (RA) is a type of incapacitating autoimmune impairment condition which is
mainly characterized by long term inflammation of synovium and gradual deterioration of joints. Despite the
availability of various effective first-line therapies such as Dexamethasone (Dexa), their non-specificity onto the
target site and associated long-term adverse effects restrict broader clinical use. Curcumin (Cur) is a safer
alternative that provides anti-inflammatory effect, but has low bioavailability. In this study, the therapeutic
effectiveness of Dexa and Cur Loaded Folate-Targeted Lipid Polymer Hybrid Nanoparticles (FLPHNPs) on a
Complete Freund’s Adjuvant (CFA) induced arthritis in Albino Wistar rats was explored.

Methodology: FLPHNPs were synthesized using ionic gelation method and evaluated for various parameters
such as particle size, entrapment efficiency, and drug contents. Preclinical studies were conducted using CFA
Induced Arthritis Albino Wistar Rats model that were further divided into six groups: control, negative control,
Dexa, Cur, Dexa+Cur, and FLPHNPs. Anti-arthritic effectiveness was tested by measuring paw swelling, liver
enzymes (SGOT/SGPT), and drug content in plasma and liver tissues.

Results: FLPHNPs exhibited the most effective reduction of paw inflammation, getting close to normal size
(6.68 mm vs. 6.15 mm in control group). Biochemical indicators of liver functioning (SGOT and SGPT) stayed
within physiological range, proving the safety of drug. The content of Dexa and Cur in the plasma and liver was
significantly higher in the FLPHNP group, determined by the use of RP-HPLC.

Conclusion: FLPHNPs proved their superiority in anti-inflammatory activity and safety compared to
conventional drug forms. These results prove the perspective of FLPHNPs as

nanotherapy for RA.
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JIntroduction

Rheumatoid arthritis (RA) is a group of chronic and
systemic autoimmune conditions characterized by
chronic synovitis, swelling, pain, and degeneration
of the joints due to cartilage and bone damage. The
multiple causes include immune disorders,
inflammatory cytokine production (TNF-a, IL-1p),
oxidation, and angiogenesis in the synovial tissue
[1,2]. The conventional treatments of RA such as
Dexamethasone (Dexa) are effective in reducing
inflammation but carry some severe side effects
including immunosuppression, liver
malfunctioning, and hormonal imbalance [3].
Curcumin (Cur), a powerful anti-inflammatory,
antioxidant, and immunomodulatory polyphenolic
component of Curcuma longa (turmeric), is
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currently receiving scientific interest due to its
beneficial properties in treating rheumatoid
arthritis. Unfortunately, the clinical use of Cur is
hindered by the following limitations: low
solubility in water, fast metabolic clearance, and
poor oral bioavailability. In order to solve the
pharmacokinetics problems of Cur, different types
of nanoparticles were applied for drug delivery
purposes in order to increase its solubility, protect
bioactive compounds from metabolism, and sustain
its release [4,5].

In this regard, we have earlier described the
synthesis and characterization of Folate-Targeted
Lipid Polymer Hybrid Nanoparticles (FLPHNPs),
which were designed as an innovative carrier
system for co-encapsulation of Cur and Dexa. The
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FLPHNPs make use of the biocompatibility of lipid
polymers, the mucoadhesive and targeted effects of
folate-chitosan, and anti-inflammatory synergy of
the drugs. Folate modification can additionally
improve the tissue targeting because of the
upregulation of folate receptors in the inflammatory
tissues [3,5].

In the present work, the anti-arthritic effect of
FLPHNPs in CFA-induced rat model of arthritis
was examined. For comparison, the same tests were
performed using free Cur, Dexa, and their
combination. The therapeutic results were analyzed
in terms of paw edema, parameters of liver
enzymes (SGOT/AST and SGPT/ALT), plasma and
tissue drug levels, and properties of nanoparticles.
Materials and Methods

Dexamethasone and curcumin with 98% purity
level were procured from GLR Innovations, New
Delhi, India. Other chemicals and reagents details
used in formulation were described in previous
research work. Complete Freund’s adjuvant (CFA),
sterile mineral oil, ether, L-aspartate, o-
ketoglutarate, NADH (B-nicotinamide adenine
dinucleotide reduced), MDH (malate
dehydrogenase), DNPH (2,4-
dinitrophenylhydrazine) and diethyl ether were
purchased from Sigma-Aldrich (St. Louis, MO,
USA). NaOH and analytical-grade methanol were
obtained from commercial sources. Ultra-pure
water was used for all aqueous reagent
preparations. All chemicals were of analytical
grade and used strictly in accordance with the
suppliers' guidelines.

Preparation of FLPHNPs loaded with Dexa and
Cur

The formulation of FLPHNPs was carried out
according to the optimized protocol previously
reported by our research group. Since the
formulation methodology has already been
published, only a brief description is presented
here. The detailed preparation procedure,
optimization, and characterization are available in
Panchal et al. (2025) [6,7]. Initially, Folic Acid
(FA) was conjugated to chitosan (Chi) via a
carbodiimide  coupling reaction using N-
Hydroxysuccinimide (NHS), N, N'-
dicyclohexylcarbodiimide (DCC), and
triethylamine in dimethyl sulfoxide (DMSO) under
dark conditions, followed by filtration, washing,
and lyophilisation [8,9]. The NHS-activated FA
was then reacted with Chi in acetate buffer (pH
5.6), maintaining pH 9.0, and then FA-Chi
conjugates were purified by centrifugation and
washing techniques. Drug loaded FLPHNPs (i.e.
Dexa and Cur (1:1 molar ratio) were formulated by
ionic gelation between cationic chitosan and
anionic soya lecithin, involving drop-wise addition
of the ethanolic lipid phase into the aqueous
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polymer phase under high-speed stirring and
homogenization [8,10].

Entrapment Efficiency and Particle Size
Analysis

Entrapment efficiency for Cur and Dexa was
evaluated by centrifuging the nanoparticle
dispersion and measuring free drug in the
supernatant using UV-Vis  spectroscopy at
appropriate wavelengths (Amax: 242 nm for Dexa,
425 nm for Cur). Particle size was measured using
dynamic light scattering (DLS) (Malvern Zetasizer
Nano ZS) [11,12,13].

Animal selection and procurement

Healthy Wistar rats (200-250g) were procured from
Deshpande Laboratories Pvt. Ltd., Bhopal, India.
The animals housing conditions were regulated
properly for stable temperature and humidity which
were followed through the standard diet and water.
The animal used in the study was approved by the
TAEC, which is certified by the committee for
CPCSEA, in India, under approval no. -
CPCSEA/TAEC03202463.

CFA-Induced Arthritis Model

Rats were randomly divided into six groups (n=6)
and arthritis was induced using a single sub-plantar
injection of CFA (0.1 ml) into the left hind paw.
Drug treatments (FLPHNPs, Dexa, Cur, and
Dexa+Cur) were administered daily for 21 days
post-induction. Paw dimensions were measured
using a vernier caliper to evaluate inflammation
[14,15].

Biochemical Analysis (Liver Enzymes)

Blood was collected via retro-orbital plexus and
serum was separated. Serum Glutamic Oxaloacetic
Transaminase (SGOT) also refer as {Aspartate
Aminotransferase (AST)} and Serum Glutamic
Pyruvic Transaminase (SGPT) also refer as
{Alanine Aminotransferase (ALT)} levels were
analyzed using standard colorimetric methods as
per the IFCC recommendations:

SGOT: SGOT (AST) is a type of enzyme that
plays a crucial role in amino acid metabolism and
energy production (exclusively in the malate-
aspartate shuttle). Its level was measured via
DNPH-pyruvate reaction at 505 nm after
incubation. SGOT (AST) activity was evaluated
according to standard of the International
Federation of Clinical Chemistry (IFCC) utilizing
the UV Kkinetic approach.

In this reaction, SGOT (AST) catalyzes
transamination of L-aspartate and a-ketoglutarate
and gives rise to oxaloacetate and L-glutamate.
Later on, with the presence of MDH (malate
dehydrogenase) and NADH, oxaloacetate gets
converted into malate. The rate of conversion of
NADH to NAD" is determined from the decline in
absorbance at 340 nm that measures the AST
enzyme activity. The rate of oxidation of NADH to
NAD* is determined from the decrease in
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absorbance at 340 nm that is directly proportional
to AST activity. In other words, 1.0 mL of enzyme
reagent (L-aspartate, o-ketoglutarate, NADH, and
MDH) was mixed with 0.1 mL of serum. The
absorbance was measured at 340 nm at every 30
seconds for 2-3 minutes at 25-30°C [18,19].

SGPT: SGPT (ALT) is a type of enzyme which is
primarily found inside liver cells (hepatocytes). Its
level was measured using NADH oxidation method
at 340 nm at 25-30°C (kit-based method,
modified). SGPT (ALT) activity was estimated
using the Reitman and Frankel colorimetric
method. The assay procedure relies onto the
transamination of L-alanine and o-ketoglutarate to
pyruvate and glutamate by using serum ALT as a
result of which the synthesized pyruvate formed
further reacts with 2, 4-dinitrophenylhydrazine
(DNPH) to form a brown-colored hydrazone
product. Briefly, 0.5 mL of substrate reagent was
initially pre-incubated at 37°C for about 3 minutes
which was then followed by the combining with
0.1 mL serum. After 30 minutes of incubation
period at 37°C, 0.5 mL DNPH was introduced and
allowed it to stand for 20 minutes at room
temperature. Thereafter, 5 mL of NaOH was mixed
with the above solution, and then the optical
density was measured at 505 nm. ALT activity was
calculated by comparing the absorbance with that
of a pyruvate standard and expressed in IU/L
[16,17].

Tissue Drug Distribution

The animals were sacrificed 10 hours post final
dosage under anesthesia. Hepatic tissue samples
were obtained, washed with ice cold normal saline
to wash off blood contamination, dried and then
weighed. Each sample (0.5 g) was homogenized in
4 mL phosphate-buffered saline (PBS, pH 7.4)
using a tissue homogenizer on ice. The homogenate
was centrifuged at 10,000 rpm for 15 minutes at
4°C [20,21]. The clear supernatant was mixed with
an equal volume of cold methanol to precipitate
proteins and centrifuged again. The resulting
supernatant was filtered using a 0.22 pm syringe
filter and analyzed by RP-HPLC under the
following conditions: BDS Hypersil C8 column,
mobile phase of acetonitrile:water (60:40, pH
adjusted to ~3.0 with orthophosphoric acid), flow
rate 1.0 mL/min, UV detection at 242 nm.
Quantification was performed by comparison with
standard calibration curves prepared in liver
homogenate matrix [22,23].

Plasma Drug Estimation by HPLC

Blood samples were collected at 0, 1, 5, 10, and 15
hours post-dose. Plasma was separated and proteins
were precipitated with methanol (1:1). After
centrifugation, the supernatant was injected into
HPLC. Plasma concentrations of Cur and Dexa
were quantified using a validated reverse-phase
high-performance liquid chromatography (RP-
HPLC) method. Blood samples were collected at
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predetermined intervals (0, 1, 5, 10, and 15 hours)
via retro-orbital puncture and centrifuged to
separate plasma [24, 25]. Proteins were precipitated
by mixing plasma with methanol (1:1 v/v),
followed by centrifugation at 10,000 rpm for 10
minutes. The supernatant was filtered and injected
into the HPLC system equipped with a BDS
Hypersil C8 column. The mobile phase consisted of
acetonitrile and water (adjusted to appropriate pH
with acid) in isocratic mode at a flow rate of 1.0
mL/min. Detection was performed using a UV
detector at 242 nm. Drug concentrations were
determined by comparing peak areas with standard
calibration curves of known concentrations [26,27].
The method parameters were:

Column: BDS Hypersil C8

Flow rate: 1.0 mL/min

Detection: 242 nm

Mobile  phase:  Acetonitrile:Water  (with

acidification)
Statistical Analysis
Data were expressed as mean + SD. Statistical
differences between groups were analyzed using
one-way ANOVA followed by Tukey’s post hoc
test. A p-value < 0.05 was considered significant
[28].
Results
Characterisation of optimized FLPHNPs
formulation
The optimized FLPHNPs formulation (D18)
composed of 88.27 mg folate-chitosan and 50 mg
phospholipid (soya lecithin), and an equal amount
(50 mg each) of Dexa and Cur which was further
processed at a homogenization speed of 10,587.99
rpm, demonstrated high drug encapsulation and
favourable particle size.
This composition has been chosen to ensure
efficient co-encapsulation and synergistic medicinal
action. In our study the entrapment efficiencies
have been found to be 89.12% for Dexa and
98.27% for Cur which is in line with our theoretical
calculations. The size of particles has been
measured to be 287.88 + 0.83 nm suggesting a
nano-scale formulation for drug delivery (Table 1).
The results of the other methods of
characterizations were also carried out and they
have been presented in an earlier work.

Table 1:  Formulation  parameters  and
characterization of FLPHNPs Formulation (D18)
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Uninduced
Untreated 6.15+0.05 9.73+0.14
Dexa 6.15+0.05 7.72+0.15
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e |g|lg|s|al e|le|s|e|e]|s
(| (]|a]ec nini/i|/n|nji
D|C|n|it t | t|z|t |t |z
e u| (|hi o|o|e|o0o|o0 e
X|r|m|n) f )| f]f](
al)|gl ( D|{C|in|{D|C|n
Y[ (]) | m e | u |/ mle|u|m
(|m g) X|rj)|x|r|)
m|g a a
g|)

)

D|5|5(8|5|]10[{9]9(|2]|8]|]9 |2

1100|810 |581]0.]7.1]8[9.18.]8

. 7.14 1816|1217
2 O|s5(4)|.|1]7
7 3141519218
819 |2 |+]8
6 | 8 0.10. |+
0|1
81110
7101.
8
3
1

Evaluation of Paw Dimension — Inflammation
Assessment

Paw edema is a quantitative indicator of the
severity of the inflammation present in an arthritic
animal model. In this experiment, inflammation
was induced by using Complete Freund’s Adjuvant
(CFA), and paw thickness was measured by using
vernier caliper.

Untreated arthritic mice (Negative control) showed
a significant increase in paw size (9.73+0.14 mm)
as compared to untreated uninduced (Control)
(6.15£0.05 mm) demonstrating  successful
induction of animal model (Figure 1 and 2).
Treatment with FLPHNPs showed the most
significant decrease in swelling of paws (6.68+0.12
mm) and almost returned them to physiological
normal size. The next one in line was the Dexa +
Cur group (7.35+0.14 mm), followed by the Dexa
treatment alone (7.72+0.15 mm) and Cur treatment
alone (8.55+0.14 mm). Hence, the co-delivery
system of nanoparticles exhibited better anti-
inflammatory activity (Table 2).

Table 2: Effect of various treatments on paw
dimensions in CFA-induced arthritic rats

Group Avg. Normal Avg. Inflamed
Paw(mm) Paw(mm)
Untreated 6.15+0.05 6.15+0.05

IJDDT Volume 16 Issue 7 2026

Paw Dimension
Graph

20
2 10
§EO-M
E o o o o o
EE TN 9T s
=

Figure 1: Treatment effects on paw edema:
Treatment with FLPHNPs showed maximum anti-
inflammatory activity, which indicated maximal
efficacy in reducing paw thickness back to
physiological normal value. The order of
effectiveness was FLPHNPs > Dexa + Cur > Dexa
~ Cur.

Figure 2: Effects of FLPHNPs and other
interventions on paw thickness in arthritis-induced
CFA rats. This figure describes the comparison
between paw sizes (mm) in different experimental
groups. There was increased paw swelling in the
induced untreated group whereas paw thickness
decreased significantly with FLPHNPs,
approaching normal levels. Results are presented in
mean values of paw thickness for each group.

SGOT (AST) Levels (IU/L) — Liver Function

Elevated serum transaminases, especially SGOT
(AST), are sensitive clinical markers of cell
membrane permeabilization, tissue strain or
hepatocellular  necrosis.  Under  physiologic
conditions, SGOT is largely contained within the
cellular cytoplasm and mitochondria, but is
released into the systemic circulation following
cellular disruption. The catalytic concentration of
SGOT (AST) was calculated by tracking the
spectrophotometric decrease of NADH at 340 nm.
In this two-step reaction, AST-driven conversion of
L-aspartate yields oxaloacetate, which is rapidly
consumed by malate dehydrogenase alongside
NADH oxidation. The observed rate of absorbance
loss at 340 nm served as a direct quantitative
measure of enzymatic activity. Briefly, | mL of
enzyme reagent was mixed with 5 mL of start
reagent to prepare the working reagent.
Subsequently, 100 pL of the working reagent was
mixed with 20 pL of the serum sample. The
absorbance was analysed at 340 nm at 25-30 °C at
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2 and 3 minutes. The variation in the absorbance
level (AA/min) was calculated and multiplied by a
factor of 952 to find out the SGOT enzyme activity,
which was expressed as IU/L (Table 3).

Reagents volumes were scaled down in proportion
as required. All interventions resulted in normal or
reduced SGOT levels, demonstrating absence of
liver toxicity. FLPHNPs retained liver function as
healthy controls (figure 3).

In the present study, serum SGOT activity was
elevated in the untreated group after the induction
of disease suggesting active cellular stress. The
treatment with FLPHNPs resulted in a significant
therapeutic response with serum SGOT levels
(approx 109.47 IU/L) coming back to basal levels
similar to the normal uninduced control group
(approx 109.5 IU/L).The recovery effect was
comparable with the standard drug treatment
(Dexa) and better than free curcumin (Cur),
suggesting that the FLPHNP formulation increases
the drug stability, cellular uptake and bioactivity.
FLPHNPs are able to maintain the structural
integrity of the cells by reducing the membrane
permeability and preventing the leakage of the
enzymes to the vascular bed. The synthesized
FLPHNPs maintained liver function similar to
controls (Figure 3).

Table 3: Serum SGOT (AST) levels in different
treatment groups

Group Average SGOT (IU/L)
Uninduced Untreated 109.5+4.36
Induced Untreated 112.38+4.63
Dexa 109.47+£5.9
Cur 110.62+4.97
Dexa + Cur 111.27+6.31
FLPHNPs 109.4+4.36
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Figure 3: Average serum SGOT (AST) level
following interventions in arthritis-induced CFA
rats. This figure shows the average serum SGOT
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levels (IU/L) of all experimental groups. There was
a slight increase in the AST level of the induced
untreated group compared to the control. The
FLPHNPs treated animals had a level close to the
basal one, thus showing that there was no
hepatotoxic effect and hence good biocompatibility
of the formulation.

SGPT (ALT) Levels (IU/L) — Liver Function

Serum alanine aminotransferase (SGPT/ALT) is a
cytosolic enzyme mainly located in the hepatocytes
and is therefore a very specific marker for liver cell
membrane instability, inflammation and cellular
injury. When the membrane is damaged or necrosis
begins, intracellular SGPT leaks out rapidly into
the systemic circulation, and the enzymatic activity
of serum increases.

SGPT (ALT) mediates the transamination of an
amino group from L-alanine to a- ketoglutarate,
thus generating pyruvate and glutamate. The
generated pyruvate forms hydrazone complex with
2, 4- dinitrophenylhydrazine (DNPH), which is
quantified using spectrophotometry. In summary,
0.3 mL of substrate solution, 0.2 mL of pyruvate
standard, 0.1 mL of distilled water (DW), and 0.05
mL of DNPH solution were taken and kept at RT
for 20 minutes.

The absorbance was measured and used to calibrate
the assay. For sample analysis, 0.50 mL of
substrate reagent was pre-incubated at 37 °C for 3
min. Subsequently, 0.1 mL of serum sample was
introduced, mix thoroughly, and incubated at 37 °C
for 30 min. After completion of incubation period,
0.5 mL of DNPH reagent was added, mixed, and
allowed to stand at RT for approx 20 min. Finally,
5 mL of NaOH reagent was mixed, thoroughly
homogenized, and allowed to stand for 10 min at
RT before measuring the absorbance at 505 nm.
Reagents volumes were scaled down in proportion
as required.

In this study, untreated induced group showed
increased SGPT levels in comparison to treated
groups. FLPHNPs administration successfully
suppressed serum SGPT levels (approx 121.93
IU/L) reducing the enzyme release below the
induced untreated control (126.87 IU/L) and also
the healthy uninduced baseline (approx 126.3
IU/L).

FLPHNPs mediated enzymatic reduction was
comparable to the free Cur and better than the
standard Dexamethasone (Dex) monotherapy. The
reduction by FLPHNPs of the circulating SGPT is
indicative of the possibility of the formulation to
stabilize hepatocyte membranes, scavenge reactive
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radical species and limit leakage of enzymatic
factors. The nanoencapsulated delivery system is
likely to promote sustained active transport and
increased intracellular accumulation thereby more
effectively relieve cellular stress caused by disease
than traditional therapeutic methods. Likewise,
FLPHNPs and Cur displayed enhanced liver
enzyme activities, indicating that they possess
hepatoprotective, anti-inflammatory and safe
properties, as depicted in Fig. 4 (Table 4).

Table 4: Serum SGPT (ALT) Level in different
treatment groups

Group Average SGPT
IU/L
Uninduced 126.38+1.49
Untreated
Induced Untreated 126.87+1.43
Dexa 123.60+5.45
Cur 120.85+5.31
Dexa + Cur 124.58+4.46
FLPHNPs 121.93+5.4
SGPT Graph
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Figure 4: Serum SGPT (ALT) concentration in
different experimental groups: It depicts SGPT
enzyme activity (IU/L) as an indicator of liver
functionality. ~ The  highest serum  SGPT
concentration was recorded in the induced group
without any medication, and treatments with
FLPHNPs and Cur resulted in decreased SGPT
concentration, showing its protective action on the
liver and higher tolerance of treatments.

Tissue Drug Distribution (10h post-dose)

At 10 h post-administration, tissue distribution was
different between various formulations. FLPHNP/C
and FLPHNP/D had significantly higher amounts
of tissue concentration, which were found to be
0.105+0.0022pg/mL and  0.128+0.0051ug/mL,
respectively. In comparison to each other,
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FLPHNP/D had higher tissue uptake than
FLPHNP/C, indicating that the former formulation
showed higher tissue uptake/clearance. In
comparison to free drugs, tissue concentration was
much lower, 0.014 + 0.0012pg/mL and
0.013£0.0032pg/mL for Dexa and Cur,
respectively. It is evident from the data obtained
that nanoparticle formulations have approximately
7-10 times more tissue concentration than free
compounds which suggest that the nano-
encapsulation process is very effective in
increasing the bioavailability of the drugs in target
tissues.

These results suggest that FLPHNP-based delivery
system is effective to increase drug distribution and
retention in target tissues, which is probably due to
increased  permeability, decreased  systemic
clearance and potential sustained-release behavior.
The slight increase in accumulation with
FLPHNP/D compared to FLPHNP/C may be due to
formulation-dependent differences in the properties
of the particles, such as their size, surface
properties, or drug encapsulation efficiency (Figure
5). On the contrary, the decrease in the tissue levels
of free Dexa and Cur is rapid, highlighting the
limited stability and faster metabolic elimination of
free drugs when administered without a delivery
system (Table 5). Taken together, the results are
consistent with the benefit of nanoparticle-
mediated delivery to increase tissue exposure,
which may translate into improved therapeutic
efficacy and biological longevity.

Table 5: Tissue drug distribution in different
treatment groups

Compound | Tissue Concentration (ug/ml)
FLPHNP/C 0.105+0.0022
FLPHNP/D 0.128+0.0051

Dexa 0.014+0.0012

Cur 0.013+0.0032

Tissue Distribution at 10hr

015 I
oS

&Q

(ng/ml)

O

Tissue
Concentration

Figure 5: Distribution of Dexa and Cur in liver
tissue (ug/mL). The figure represents the
concentrations of Dexa and Cur in liver at 10 h
after administration. The tissue levels of FLPHNPs
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were significantly higher than that of free drug
formulations indicating improved bioavailability
and sustained tissue retention through nanoparticle
delivery.

In vivo pharmacokinetics evaluation

The plasma drug concentration profile of Dexa and
Cur was examined. Drug levels in plasma were
determined by RP-HPLC at various time intervals
after drug dosing. The plasma drug concentration
was higher and more sustained in the FLPHNP-
treated group, and peak levels at 5-10 h suggested
enhanced absorption and prolonged circulation.
FLPHNPs lead to significantly higher tissue
concentrations, supporting better bioavailability
compared to standard Dexa or Cur as depicted in
Figures 6 and 7 (Table 6 and 7).

Table 6: Comparative plasma drug concentration
profile of Cur delivered via FLPHNPs versus free
drug at various time points.

Time (h) | FLPHNP/C (ug/mL) | Cur (ng/mL)
0 0 0
1 0.02 0.098
4 0.07 0.06
7 0.095 0.03
10 0.092 0.01
15 0.014 0.005
0.12 - Plasma Conecentration—
- . .
0.E -
oy o0
GOE - FLPHNP/C
Fos (ng/mL)
0§
(gog \ == Curcumin
= 5 (ug/mL)
B0 \ \
Q
_I_ 1
10T|me1eh) 20

Figure 6: Plasma concentration vs. time curve.
In vivo pharmacokinetic evaluation showing
plasma drug levels (ug/mL) over a 15-hour period
for FLPHNP/C and free Curcumin.

Table 7: Comparative plasma drug concentration
profile of Dexa delivered via FLPHNPs versus free
drug at various time points.

(ng/mL)

0 0 0

1 0.025 0.115

4 0.125 0.08

7 0.15 0.045

10 0.14 0.02

15 0.015 0.005
015 ncentration—

b"J.

% —4—FLPH
0.8 NP/D

= (-

0 5 Tim®(h) 15 20

Figure 7: Plasma concentration vs. time curve.
In vivo pharmacokinetic evaluation showing
plasma drug levels (ug/mL) over a 15-hour period
for FLPHNP/C and free Dexa.

HPLC Data (Plasma Levels)

Blood was withdrawn by orbital puncture
0,1,5,10,15 hrs and plasma was separated by
centrifugation. Plasma samples were precipitated
by 1:1 methanol. Methanol samples were
centrifuged to remove suspended debries. The
methanol samples were analyzed with following
parameters RP-HPLC on a BDS Hypersil C8
column; mobile phase: as mentioned, flow rate 1.0
mL min-1 and a UV detector at 242nm. Time-
dependent plasma concentrations confirm higher
peak levels for FLPHNPs, especially at 5 and 10
hrs, validating its sustained release or improved

absorption.

Chromatogram

Peak Name Ret. Area
Time

1. Dexamethasone | 3.615 11476

Time (h) | FLPHNP/D (pg/mL) Dexa
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Figure 8: HPLC chromatogram of Dexamethasone
shows the retention time and peak area of
Dexamethasone as detected at 3.615 minutes under
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the defined HPLC conditions, confirming its
identification and quantification in plasma samples.

mv

150
1Det.A Chl

100

7.214

50 G
25

Peak Name
1. Curcumin | 7.214 12214

7.5 10

Ret. Time | Area

Figure 9: HPLC chromatogram of Curcumin
displays the Curcumin peak at 7.214 minutes. The
retention time and peak characteristics were
consistent with the standard curve, validating the
presence of Curcumin in plasma after FLPHNP
administration.

Discussion

The results of this study demonstrated the potential
of Folate-Linked Phospholipid Hybrid
Nanoparticles (FLPHNPs) as a novel delivery
system for enhancing the therapeutic effects of
Dexa and Cur in RA. The pathogenesis of RA is
defined by immune-mediated inflammation,
oxidative stress and tissue destruction. The CFA-
induced arthritis model successfully mimicked
these pathological features and served as a reliable
preclinical platform to assess anti-arthritic efficacy
[29,30]. The nanoparticle formulation (D18)
showed an optimum particle size (~287 nm) and
high entrapment efficiency for both drugs (Dexa:
~89%, Cur: ~98%,), which is essential for
improving the systemic bioavailability. FLPHNPs
showed the highest reduction in paw edema
compared with free drugs and their combination,
almost restoring paw thickness to normal levels.
This indicates a synergistic anti-inflammatory
effect and improved tissue targeting probably
mediated by folate-chitosan conjugation [31].
Biochemical examination also confirmed the safety
of the formulation. Notably, free Dexamethasone
and Curcumin individually caused modest effects
on SGOT and SGPT levels, whereas FLPHNPs
kept liver enzyme values close to baseline. This
indicates reduced hepatic burden and systemic
toxicity, which is particularly relevant in light of
potential hepatotoxicity with long-term
corticosteroid therapy. Furthermore,
pharmacokinetic study using HPLC showed that
the FLPHNPs achieved significantly higher levels
of both Curcumin and Dexamethasone in plasma
and liver tissues, indicating improved absorption
and prolonged circulation time. The folate
functionalized surface likely triggered increased
uptake by tissues, as folate receptors are

IJDDT Volume 16 Issue 7 2026

upregulated in inflamed tissues like arthritic joints
and liver [29,32].

These all results taken collectively prove the
superiority of FLPHNPs over other therapeutic
approaches. With an ability to increase
bioavailability while decreasing toxicity, FLPHNPs
can be used as a promising dual-drug nanocarrier
for the successful treatment of rheumatoid arthritis.
Conclusion

The current study has been able to show that
Folates Linked Phospholipid Hybrid Nano Particles
(FLPHNPs)  carrying  Dexamethasone  and
Curcumin can be considered a highly advanced
treatment method for rheumatoid arthritis. This is
because the nano-particle has been found to have a
higher anti-inflammatory activity due to its ability
to reduce the paw edema in the arthritis rats
induced with CFA. Moreover, FLPHNPs were
found to keep the liver enzymes within the
acceptable range, thus showing high safety profile.
Increased drug concentration in the plasma and
liver tissue shows increased bioavailability and
sustained release due to targeting through the help
of folate nanoparticles. All these results collectively
prove the efficiency of using FLPHNPs as a
promising drug delivery system for dual therapy of
inflammatory diseases such as rheumatoid arthritis,
which is more efficient in terms of efficacy and
minimal side effects.
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