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Rheumatoid Arthritis
Rheumatoid arthritis (RA) is a chronic autoimmune disease,

with characteristic pathological changes of joint 
swelling, synovium hyperplasia, inflammatory cell infiltrates 
and cartilage or bone damage.

 It affects two to three times women as often as men
RA is caused by a complex interaction between inherited

genes and environmental stimuli.

Risk factors
• Age
• Gender (female)
• Genetic susceptibility
• Smoking
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Innate and Adaptive Immune Response in Arthritis

Environmental 
factors 

Synovial 
M1 Macrophage
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Functional Characteristics of TLRs 
in Arthritis

4

IAP‐2018

NF‐κB 
activation Immunohistochemistry of TLRs 2, 3 and 4 at different 

stages of RA patients as compared with expression in OA

TLRs Distinct Expression pattern in Synovial 
Fibroblasts of RA patients 



Anti-Arthritic Treatments 

Biological Therapies
-Anti-CD20 
(rituximab) -CTLA4-
Ig (abatacept)
-Anti–IL-6 receptor 
(tocilizumab; TCZ)
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Gum Acacia dissolved in 
distilled water, filtered and 

freeze dried

Various conc. of GX 
(3 mg/mL) mixed with AgNO3 

(0.5-3mg/mL) & stirred magnetically

GA-AgNPs synthesis confirmed by 
surface plasmon resonance peak 

through spectrophotometer 

Size, PDI, zeta potential & surface morphology 
of GA-AgNPs-HP analyzed by Atomic force 

microscope (AFM) and FT-IR Spectra

Centrifugate GA-AgNPs
solution at 12,000rpm for 25 

min & collect

Add 0.5 mg HP, Mixture stirred 
and collect HP loaded NPs (GA-

AgNPs-HP) by centrifugation

Synthesis and Stability study of GA-AgNPs-HP
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UV-vis Analysis of GA and GA 
conjugated AgNPS

UV visible spectra showing effect of (A) GA and (B) Ag concentrations on the 
synthesis of GA-AgNPS
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• Any nano-system intended for in vivo drug delivery should be enough
stable to withstand the degradative effects of blood plasma and high salt
concentrations.

• Gum Acacia conjugated silver nanoparticles revealed well behaved
absorption pattern in the UV-visible spectral Analysis showing strength of
tolerance against extreme biological environments under influence of
various ionic concentrations and blood plasma proteins.

Stability studies of GA-AgNPs (A) against 
various concentrations of salt and (B) 

plasma at various time intervals

Stability study of GA conjugated AgNPs



Characterization of GA-AgNPs and GA-AgNPs-HP
AFM Images of (A) GA-AgNPs and (B) GA-AgNPs-HP 

Size, surface morphology and drug loading 
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• Surface morphologies of
synthesized GA-AgNPs and HP
loaded nanoformulation were
observed through AFM.

• Both nano particles were found to
be spherical in shape and were in
nano-range thereby confirming
their stability.



9

FT-IR spectra of (A) GA and GA-AgNPs and (B) HP and GA-AgNPS-HP.

FT-IR-Analysis of  GA and GA-AgNPs & HP and GA-AgNPs-HP

This image of FT-IR spectrum of HP nanoparticles demonstrated that nano-drug delivery system not altering the
chemical nature of Loaded drug molecule.
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 Oil-induced Arthritis 

 Collagen-induced arthritis

 Collagen-antibody-induced arthritis

 Zymosan-induced arthritis

 Complete Freund’s adjuvant (CFA) induced arthritis 

Animal models have been used extensively in studies of rheumatoid arthritis
pathogenesis.

These models include:

Animal Models of Rheumatoid Arthritis
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Adjuvant-induced Arthritis model in Rats

Female Wistar Rats Complete Freund’s adjuvant 
(1mg/ml) induced into the 

right hind paw of rats 
Orally dose given 
daily till 14 days

Paw volume measure on 
alternate day by Vernier 

caliper

Measure mRNA levels of TLR-2, -4 
& ROR-γ in spleen tissue by Real 

Time PCR & Th17 cell 
proliferation in splenocytes by 

FACs

Radiographic 
analysis of the 

hind paw of rats

Histological 
evaluation of ankle 
joint by H & E stain 

Measurements of 
cytokine & ROS levels 

in serum & plasma

Measurement of inflammatory 
mediators (RANKL, OPG, IL-17, 
MMP9 and MMP2) by ELISA in 

the synovium
11
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Anti-arthritic effect of Hesperidin and HP loaded GA-AgNPs

4 100 2
Days

Induction of 
Arthritis

SacrificeFull blown Arthritis

6 8 12 14

Effect of Indo (5 mg/kg), Dexa (0.5
mg/kg), Hesperidin (25 mg/kg),
GA-AgNPs-HP (1 mg/kg) and GA-
AgNPs (1 mg/kg), on arthritic
score in CFA induced arthritic
rats. The bar diagram represents
arthritic score (y-axis) measured on
alternate days (x-axis) in different
treatment groups (n=3-5 rats per
group). Data indicates mean ± S.E.
analyze by repeated measure two-
way ANOVA followed by tukey
post-hoc test. *p<0.05, **p<0.01,
***p<0.001 represents significant
arthritic inhibition with respect to
control group.
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Effect of Hesperidin and HP loaded GA-AgNPs on measurement of Paw thickness

Effect of Hesperidin (25 mg/kg), GA-AgNPs-HP (1 mg/kg), GA-AgNPs (1 mg/kg), Indo (5 mg/kg), Dexa (0.5 mg/kg) on paw swelling in
CFA induced arthritic rats. The ray diagram represents paw thickness in mm (y-axis) measured on alternate days (x-axis) in different
treatment groups (n=3-5 rats per group). Data indicates mean ± S.E. analyze by repeated measure two-way ANOVA followed by tukey post-
hoc test. *p<0.05, **p<0.01, ***p<0.001 represents significant arthritic inhibition with respect to control group.
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X-Ray analysis of HP and GA-AgNPs-HP

Radiographic images (X-Ray) of right hind paw in CFA induced arthritic rats (A) Normal Control (B) Arthritic Control
(C) Indo 5 mg/kg (D) Dexa 0.5 mg/kg (E) Hesperidin 25 mg/kg (F) GA-AgNPs-HP 1 mg/kg (G) GA-AgNPs 1 mg/kg.
The arrows indicates degenerative changes in ankle joint, swelling around the soft tissues and articular changes.

(A) Normal Control (B) Arthritic Control (C) Indo 5 mg/kg (D) Dexa 0.5 mg/kg 

(E) HP 25 mg/kg (F) GA-AgNPs-HP 1 mg/kg (G) GA-AgNPs 1 mg/kg

Radiographic Images 
Specifications: 

 10mA
 48kV 
 0.25s of exposure
 X-ray machine 

(GE Radiography 
System)
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Effect of HP & HP loaded NPs on soft tissues/bone of ankle joint of rats 

Microphotograph of H&E stained rat ankle tissues at magnification x400. (A) Normal control represent soft tissue arrow indicating normal
muscles and blood vessels. (B) control tissue arrow indicating granuloma composed of epithelioid macrophages, inflamed by mixed acute and
chronic inflammatory cells and line shows thick and congested blood vessels along with granulation tissue. (C). Indo 5 mg/kg shows moderate
inflammation along with granulation tissue. (D) Dexa 0.5 mg/kg shows moderate inflammation (E) HP 25 mg/kg treatment shows moderate
inflammation underline tissue exhibited granulomatous inflammation along with moderate chronic infiltrates and congested dilation blood
vessels. (F) GA-AgNPs-HP 1 mg/kg treatment shows mild inflammation, arrow head indicating moderate cell infiltration.
(G) GA-AgNPs 1 mg/kg treatment exhibited severe inflammation and increased of cell infiltration.

(A) Normal Control (B) Arthritic Control (C) Indo 5 mg/kg (D) Dexa 0.5 mg/kg 

(E) HP 25 mg/kg (F) GA-AgNPs-HP 1 mg/kg (G) GA-AgNPs 1 mg/kg

INF
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HP & GA-AgNPs-HP inhibit mediators of erosion in synovium 

HP and GA-AgNP-HP
reduces the mediators of
bone destruction in the rat
AA model. (A) MMP9 and
MMP2 (B) IL-17 (C)
RANKL and RANKL/OPG
ratio in synovium estimated
by ELISA. ***P < 0.001
versus arthritic Control. 0

1000
2000
3000
4000
5000
6000

RANKL

Normal Control Arthritic Control
HP 25 mg/kg GA-AgNPs- HP 1 mg/kg
GA-AgNPs 1 mg/kg

C
yt

ok
in

es
 in

 S
yn

ov
iu

m
 (p

g/
m

l)

***

0

2

4

6

RANKL/OPG Ratio

Normal Control Arthritic Control
HP 25 mg/kg GA-AgNPs-HP 1 mg/kg
GX-AgNPs 1 mg/kg

R
A

N
K

L
/O

PG
 R

at
io

***

0

100

200

300

400

500

600

IL-17

Normal Control Arthritic Control
HP 25 mg/kg GA-AgNPs- HP 1 mg/kg
GA-AgNPs 1 mg/kg

IL
-1

7 
C

on
ce

nt
ra

tio
n 

(p
g/

m
l)

***

0

100

200

300

400

500

MMP-9 MMP-2

Normal Control Arthritic Control
HP 25 mg/kg GA-AgNPs- HP 1 mg/kg
GA-AgNPs 1 mg/kg

M
M

Ps
 C

on
ce

nt
ra

tio
n 

(p
g/

m
l)

***
***

16

IAP‐2018



HP and GA-AgNPs-HP decreases the Th17 cells proliferation in 
splenocytes
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0.51 % 3.73 % 2.51 %

2.3 % 1.0 % 3.41 %

(A) Normal Control (B) Arthritic Control 

(D HP 25 mg/kg (E) GA-AgNPs-HP 1 mg/kg (F) GA-AgNPs 1 mg/kg

(C) MTX 0.5 mg/kg Graph illustrating the percentage of Th17 cells.
**P < 0.01 versus normal; #P < 0.05, ##P < 0.01
versus vehicle.

Th17 cells analyzed by flow cytometry

The percentage of Th17 cells
was significantly reduced
from an average of 3.73% in
AC rats to 1.0% in GA-
AgNPs-HP treated rats.



Effect of HP and GA-AgNPs-HP on Th1 Cytokine levels in serum

0

200

400

600

800

1000

1200

1400

1600

1800

IL-1β IL-6 TNF-ά

Normal Control Arthritic Control
MTX 0.5 mg/kg HP 25 mg/kg
GA-AgNPs- HP 1 mg/kg GA-AgNPs 1 mg/kg

C
yt

ok
in

es
 in

 S
er

um
 (p

g/
m

l)

***

***

***

Effect of HP (25 mg/kg), GA-AgNPs-HP (1 mg/kg) and GA-AgNPs (1 mg/kg), on IL-1β, IL-6 and TNF-α production
in serum of normal, arthritic control and treatment groups. Each figure is represented by the
Mean ± SD (n = 3-5). Asterisks indicate significant difference (***p<0.001) in cytokines levels with respect to control.
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Effect of HP (25 mg/kg), GA-AgNPs-HP (1 mg/kg) and
GA-AgNPs (1 mg/kg), on IL-17, IL-23, IL-10 and TGF-
β1 production in serum of normal, arthritic control and
treatment groups. Each figure is represented by the
Mean ± SD (n = 3-5). Asterisks indicate significant
difference (***p<0.001) & # indicates non significant
difference in cytokines levels with respect to control.

Effect of HP and GA-AgNPs-HP on Th2 Cytokine levels in serum
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Quantitative analysis of TLR-2, TLR-4 and ROR γt
expressions in spleen tissue 

Relative mRNA expression of TLR-2, TLR-4 & ROR-γt gene expression represented by bar diagram normalized with
housekeeping GAPDH gene on y-axis and treatment with Indo (5 mg/kg), Dexa (0.5 mg/kg), HP (25 mg/kg) and GA-AgNPs-
HP (1 mg/kg) on x-axis. Data calculated using 2^-ΔΔCt indicate fold change in TLR-2, -4 & ROR-γt expressions in spleens via
real-time quantitative PCR as Mean ± SD (n = 3-5) with significant difference *p<0.05, **p<0.01, and ***p<0.001 compared
to control.
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Effect of HP and HP loaded NPs treatment on NO & PO 
levels in plasma 

The plasma levels of Nitric oxide and Peroxide were determined in the normal, arthritic and treatment groups
i.e. HP (25 mg/kg), GA-AgNPs-HP (1 mg/kg) and GA-AgNPs (1 mg/kg). Each bar represents the mean ± SD
(n = 3-5/group) with significant difference *p<0.05, **p<0.01, and ***p<0.001 compared to control.
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Immunohistochemical analysis of 
iNOS expression in spleen tissue
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The iNOS expression in the arthritic control group
showed prominent upregulation compared to the normal
control animals Indomethacin, Dexamethasone, HP and
GA-AgNPs-HP showed marked reduction in the iNOS
protein expression, compared to the arthritic control
animals (*p < 0.0001). While GX-AgNPs 1 mg/kg
shows less significant results as compared to treatment.

IAP‐2018

Normal Control 

Arthritic Control 

Indo 5 mg/kg 

Dexa 0.5 mg/kg 

HP 25 mg/kg 

GA-AgNPs-HP 
1 mg/kg 

GA-AgNPs 1 mg/kg

The tissue sections were then incubated with the
primary antibodies anti-iNOS and were diluted (1:100)
in blocking solution, incubated and were washed with
PBS and then the tissue sections were incubated with
secondary antibody Cy3 goat antibody IgG (H + L).
The slides were then washed with PBS and stained
with DAPI and incubated at room temperature for
nuclear staining. Finally, the slides were washed,
mounted and observed under fluorescent microscope



Bone damage
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Future Perspectives 
Needs to Explore

1. Changes in macrophage phenotypes in the
different developmental stages of RA.

2. Potential molecular mechanism by which
the polarization of the M1 and M2 phenotypes
is regulated.

3. Explore the “osteoimmunology”
mechanisms (e.g., RANKL-IL-17 cross-talk)
underlying the inhibition of bone damage in
the presence of hesperidin and its nano
formulations-treated arthritic joints compared
with the vehicle group.



Collaborators of the project 

H.E.J. Research Institute of Chemistry, 
International Center for Chemical and 

Biological Sciences, University of 
Karachi, Pakistan
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Prof. Massimo F Bertino
Director of the Nano characterization Core

Virginia Commonwealth University (VCU)
Virginia, USA.
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Team Members of Molecular Pathology and 
Cell Signaling and Immunopathology Laboratory
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• Laboratory Animal Sciences , Dow University of Health
Sciences, Karachi, Pakistan

• Histopathology Section, Department of Pathology, Dow
diagnostic Reference and Research Laboratory, Dow
International Medical College, DUHS, Karachi,
Pakistan

• Dow Institute of Radiology , DUHS



Thank You
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