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Purpose: The existing treatment modalities for rheumatoid arthritis are less effective and

safe, therefore it is essential to develop new treatments that particularly target the inflamed

joints with decreased off-target side-effects. The current study proposes a nanoparticle-based

therapeutic approach to target the anti-oxidant defense system of arthritic Balb/c mice.

Methods: Biogenic selenium nanoparticles (SeNPs) were synthesized by using

Trachyspermum ammi seed extract and were evaluated for their toxicological, as well as

their therapeutic potential in collagen-induced arthritic mice.

Results: The tested doses of SeNPs had no significant toxic effects on liver, kidney, spleen,

and serum biochemical parameters in comparison to healthy mice. The SeNPs treatment

reduced the disease severity, as demonstrated by decreased paw edema along with reduced

lymphocytic cellular infiltration in the histopathological findings. SeNPs also revealed dose-

independent improvement in the redox state of inflamed synovium by significantly improv-

ing the activity of antioxidant enzymes in comparison to the arthritic controls.

Conclusion: It is therefore concluded that nano-selenium in combination with TAE extract

showed enhanced therapeutic efficacy as compared to their individual effects.

Keywords: rheumatoid arthritis, collagen-induced arthritis, selenium nanoparticles,

Trachyspermum ammi

Introduction
Rheumatoid arthritis (RA) is an autoimmune inflammatory disease characterized by

synovial hyperplasia leading to the erosion of bones and cartilage, resulting in joint

dysfunction and increased mortality rates.1,3 RA affects about 0.5–1% of the

world’s population4,7 and its prevalence is slightly higher in Western countries as

compared to Asian populations. In Pakistan the prevalence of RA is greater in

northern areas in comparison to other regions.5 RA is more common in females

than males, with a ratio of 3:1.2,8 The current treatment of RA with NSAIDs and

DMARDs produces symptomatic relief and is restricted in use because of the off-

targeted adverse effects.3

Selenium is a cofactor of enzymes thioredoxin and glutathione peroxidase, which are

the key components of the antioxidant defense system of the cells.9 Selenium is an

important trace element of the diet essential for growth and health conservation of

humans, and its deficiency causes severe health effects, i.e., Keshan Disease, and it may

also lead to increased risk of cancer and cardiac diseases. In recent studies, selenium has

had remarkable attention due to its central role in selenoenzymes activation for defense
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against oxidative stress generated by reactive nitrogen species

(RNS) and reactive oxygen species (ROS).7,10 It is reported

that ROS damage the activity of the anti-oxidant defense

system leading to oxidative stress as well as to lipid peroxida-

tion, prominent clinical signs of arthritis.3 The production and

application of SeNPs evolved remarkable attention due to the

number of advantages, such as biocompatibility, chemical

stability, and low toxicity.10 More attention should be paid to

biological methods to synthesize SeNPs alternate to physical

and chemical methods, as green synthesis is more safe, eco-

nomical, and eco-friendly.11

Trachyspermum ammi, commonly known as “Ajwain”, is

a member of the family Apiaceae.12,13 Phytochemical analysis

revealed that T. ammi contains various constituents such as

glycosides, carbohydrates, phenolic compounds, saponins,

protein, fiber, fat, volatile oil (i.e., γ-terpinene, thymol, α-

and β-pipene, and para-cymene), and minerals such as phos-

phorus, calcium, nicotinic acid, and iron. Due to the presence

of thymol, a biologically active compound, T. ammi exhibits

anti-inflammatory, anti-oxidant, immunomodulatory,12 anti-

microbial, anti-filarial, anthelmintic,14 and gastro-protective

activities.12 In spite of its extensive use in traditional medicine

for the treatment of inflammatory and pain conditions, very

limited data has been reported about its anti-inflammatory and

anti-oxidant properties.3

Various studies have been conducted to find out the

anti-rheumatic and anti-oxidant potential of T. ammi seed

extract and SeNPs in arthritic models individually,3,15 but

their combined efficacy has not yet been evaluated, to the

best of our knowledge. Therefore, the present study aims

to combine the anti-inflammatory and anti-oxidant poten-

tial of T. ammi seed extract and nano-Se by utilizing

T. ammi derived SeNPs to treat RA. This approach

would not only target the characteristic inflammatory path-

ways of RA, but also assist in restoring selenoproteins

dependent oxidative balance of the body.

Methods
Preparation of Trachyspermum ammi Seed
Extract
The seeds purchased from the local market of Haripur were

verified with accession number 38452 as Trachyspermum

ammi seeds by the Plant Genetic Research Institute of the

National Agricultural Research Center (NARC), Islamabad,

Pakistan. The extract of T. ammi seeds was prepared by soak-

ing 12 g powdered seeds in 200 mL deionized water and kept

at 40°C in a shaking incubator overnight in a dark environment

at 2,000 rpm. After 24 hours the mixture was centrifuged at

6,000 rpm for 20 minutes at 4°C and then filtered by using

whattsman filter paper with a 0.45 μm pore size.

Plant Extract

Dry SeNPs

Sodium Selenite 

solution

SeNPs in purified pellet

After centrifugation

Trachyspermum
ammi seeds

incubation

Characterization of SeNPs by

SEM, XRD, EDX, and FTIR

1:2

Figure 1 Representative image of protocol for synthesis of biogenic selenium-nanoparticles by using T. ammi seed extract. The change in the colour of the reaction mixture

from yellowish brown to brick red after 72 hours indicates the successful biosynthesis of selenium nanoparticles.
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Biosynthesis of SeNPs by Using T. ammi
Seed Extract
For the preparation of nanoparticle reaction mixture, 50 mL of

T. ammi seed extract was added drop wise to 100 mL of Na2
SeO3 (10 mM) solution and the mixture was then placed in

a shaking incubator at 2,000 rpm for 72 hours at 40°C under

dark conditions. The initial confirmation of SeNPs biosynthesis

was carried out by noticing the color change of the reaction

mixture from yellowish brown to brick red. After biogenic

synthesis, the SeNPswere purified by centrifugation of reaction

mixture at 7,500 rpm for 30 minutes. The supernatant was

discarded and the red pellet at the bottom of the tube was

washed twicewith deionizedwater for 20minutes at 6,000 rpm.

The purified hard pellet was collected in a china dish and

allowed to dry at 37°C in an incubator overnight (Figure 1).

Characterization of SeNPs
The characteristic analysis of these nanoparticles was per-

formed by using multiple techniques. UV-Visible

Spectroscopy of the T. ammi seed extract and SeNPs mixture

was performed by using a spectrophotometer (A & E Lab,

Guangzhou, Guangdong, China). Fourier Transform Infrared-

Spectroscopy (FTIR) was performed to identify the functional

groups present in the wavelength range of 500–4,500 cm−1 by

using a FTIR spectrophotometer (Perklin-Elmer Spectrum-

109 100 FTIR Spectrophotometer, Waltham, MA, USA). The

crystallinity of SeNPs was determined by X-ray

Diffractometry (XRD) by using an X-ray Diffractometer (D8

ADVANCE BRUKER, AXS, Germany) operated at 40 KV

with constant current of 30mA and the source of radiation was

Cu K alpha over the scanning range of Bragg angle 10–80°.

A Scanning Electron Microscope (SEM) (TESCAN VEGA3

tungsten thermionic emission, model: 51 – ADD0007 sensor

51-1385-046, Kohoutovice, Czech Republic) was used to

determine the shape and size of the nanoparticles by coating

the sample slide with gold for mounting, and the images were

obtained with the accelerating voltage of 29 KV. Energy

Dispersive X-ray spectroscopy (EDX) analysis was performed

to determine the elemental composition of these nanoparticles

by using an EDX instrument (Oxford X-act, Tubney Woods

Abingdon, Oxfordshire, UK) attached with SEM at the accel-

erating voltage of 20 KeV.

Table 1 Grading Criteria for Arthritis Induction

S/

No

Condition Grade

Score

1 Focal redness with no joint swelling 0

2 Swelled finger joints 1

3 Slight swelled wrist, ankle, and other joints 2

4 Severe inflammation of whole paw, abscess

formation and angiogenesis

3

5 Severe abscession, joint deformity, rheumatic

nodules and ankylosis

4

Notes: Data from Tong et al.18

Figure 2 Representative image of arthritis induction: At day 0 (A) Ventral and view of normal paw of mice with arthritis score-0 (B) ventral and dorsal view of Collagen

type-II induced Grade-4 arthritic mice showing swelling and abscess formation, (C) Side view of grade-4 arthritic mice showing ankylosis.
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Animal Acquisition and Acclimatization
Female Balb/c mice of 8–12 weeks age, weighing 30–35

grams were obtained from Animal House facility ASAB.

All mice included in the experimental groups were housed

at the Laboratory of Animal House, ASAB. To support the

circadian cycles a daylight-to-darkness ratio of 2:1 was

maintained. All the mice were fed with standard feed and

UV-radiation treated water throughout the experiment.

Toxicity Evaluation of Biogenic SeNPs
To check their biosafety profile, the toxicity of these

SeNPs was evaluated in 25 mice, comprised of five groups

(one healthy control and four experimental groups). The

experimental groups were given SeNPs in their feed at

doses of 2.5 mg/kg, 5 mg/kg, 10 mg/kg, and 20mg/kg

for 14 consecutive days, and the control group was given

normal feed throughout this period. The weight of

each mouse was recorded on day 0, 7, and 14 to observe

any change in weight. After 14 days of treatment followed

by 24-hours fasting the mice were anesthetized by chloro-

form to collect the blood through transthoracic cardiocent-

esis and serum was separated. The liver function tests

[Alanine amino-transferase (ALT), Alkaline Phosphatase

(ALP), Total Bilirubin] and Renal function tests (Urea and

Creatinine) were performed by using Roche Diagnostic

kits (Mannheim, Germany) on the serum samples of

mice. For histopathological studies, liver, kidney, and

spleen specimens were collected and observed for any

change at cellular level due to the SeNPs administration.

The spleen indexing was done as previously defined.16,17

Collagen Type-II Arthritic Model

Construction
Complete Freund’s adjuvant (Sigma-Aldrich, St. Louis, MO,

USA) and Bovine Type-II Collagen (Worthington

Biochemical corporation, Lakewood, NJ, USA) was used

for induction of RA. Type-II collagen was dissolved in acetic

acid (0.1 M) prepared in Hartmann solution (0.89%) and was

mixed in Complete Freund’s adjuvant at the ratio of 1:1

followed by vortex for 2–3 minutes to form an immunization

mixture. Then BSA (1 mg/mL) dissolved in Hartmann solu-

tion (0.89%) was added to the immunization mixture at

a ratio of 2:1. The prepared mixture (0.2 mL) was injected

in the sub-dermal region of the tail cautiously without punc-

turing the dorsal or ventral coccygeal veins on day 0, 7, and

14. On day 21 and 28 the booster doses of Complete Freund’s

adjuvant were administered in the hind paw of mice without

puncturing any vein. The degree of inflammation in the paw

of the mice was recorded with the help of (GmBH) vernier

caliper before and after each dose in the presence of an

observer who had no information on the groups. The
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Figure 3 Paw measurements during Arthritis induction, asterisks (***) indicate

a significant increase (P<0.001) in paw edema at days 14, 21, and 28. Statistical

analysis was performed using two-way ANOVA with Bonferroni’s post hoc analysis

and results are reported as mean±SD.

0

0.5

1

1.5

2

2.5

3

3.5

0 100 200 300

275 nm

400 500 600 700

A
b
s
o
r
b
a
n
c
e
 (
A
b
s
)

Wavelength (nm)

SeNP 1:2 (Absorbance Peak at 275nm)

0

0.5

1

1.5

2

2.5

3

3.5

0 100 200 300 400 500 600 700

A
b
s
o
r
b
a
n
c
e
 (
A
b
s
)

Wavelength (nm)

Extract
A B

Figure 4 (A) UV-Visible spectra of T. ammi plant extract indicates absence of any absorbance peak of selenium nanoparticles. (B) UV-Visible spectra of SeNPs reaction

mixture indicating presence of selenium nanoparticles by showing sharp absorbance peak at 275nm.
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quantification of arthritic severity was done by arthritic clin-

ical scores from 0–4 (Table 1).18 Only grade 3 and 4 scoring

mice (Figures 2 and 3) were included in the therapeutic

evaluation.

Therapeutic Evaluation of Biogenic SeNPs

in Arthritic Mice
The evaluation of therapeutic efficacy of SeNPs began one

week after the second booster dose. Thirty mice comprised

of five groups; one positive (arthritic) and one negative

control (healthy), standard drug Leflunomide (10 mg/kg),

and two doses (5 and 10 mg/kg) of SeNPs that were

proved to be non-toxic by safety study were administered

to arthritic mice through feed for 14 consecutive days. The

control groups were given normal feed throughout this

period. The weight and hind paw volumes (edema) of

each mice was recorded on day 0, 7, and 14 of the treat-

ment. After the completion of treatment, the samples

(blood, spleen, and hind paws) were collected by the

aforementioned procedure following the 24 hours fasting.

Clinical chemistry analysis of serum, spleen indexing, and

histopathological analysis of paw tissues were performed.

The in-vivo free radical scavenging activity of SeNPs in

a serum sample of treated mice was evaluated through

DPPH (DPPH 95% Alfa Aesar materials, Ward Hill,

MA, USA) assay19 with slight modifications. The serum

sample (25 μL) was mixed with 0.1 mM DPPH (975 μL)
solution and incubated for 30 minutes at 37°C. The absor-

bance was measured at 517 nm by using

a spectrophotometer (A & E Lab, Guangzhou, 180

Guangdong, China) and a change in the color of DPPH

from violet to yellow indicated their radical scavenging

activity.

Catalase activity was evaluated20 in the liver tissues to

further evaluate the anti-oxidant potential of biogenic

SeNPs. The lysate was prepared by homogenization of

Figure 5 The Infrared spectral bands of T. ammi plant extract at 3,430 cm−1, 1,631.88 cm−1, and 1,046 cm−1 (Red) were shifted to 3,416.68 cm−1, 1,630.55 cm−1, and

1,051.63 cm−1 in the spectra of biogenic SeNPs (Black), indicating the involvement of O-H, N-H, and C-F groups in the biosynthesis of selenium nanoparticles.

Figure 6 X-Ray diffraction pattern of T. ammi derived biogenic SeNPs.
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0.5 g of liver tissue in 2.5 mL of 0.01 M cold phosphate

buffer (pH 7.0). The homogenization mixture was then

centrifuged at 8,000 g for 10 minutes at 4°C and the

supernatant was used for the catalase estimation. A total

of 1.5 mL reaction mixture was prepared by adding 1 mL

of phosphate buffer (pH 7.0), 0.4 mL of H2O2, and 0.1 mL

of the tissue lysate, and incubated at room temperature for

1 minute. Then 2 mL of dichromate-acetic acid reagent

(1:3 of 5% potassium dichromate and glacial acetic acid)

was added to the mixture to stop the reaction and incu-

bated for 10 minutes at 37°C. The absorbance was read at

the wavelength of 620 nm by using a spectrophotometer

(A & E Lab).

Statistical Analysis
The statistical analysis was done by using IBM SPSS

version 21 and GraphPad Prism 5 and results were

reported as mean±SD. The variance analysis was done

Figure 7 Scanning electron microscope images of T.ammi derived biogenic SeNPs at 2 μm, 5 μm, and 500 nm representing spherical to irregular morphology of SeNPs.

EDS confirms the presence of selenium nanoparticles at a 
spectrum peak of 1.37, 11.22, 12.49 keV

Element Weight % Atomic %

Carbon 66.79 76.84

Oxygen 24.58 21.23

Phosphorus 0.41 0.18

Calcium 1.84 0.63

Selenium 6.38 1.12

Figure 8 Graph of energy dispersive X-ray spectroscopy representing the number of counts on the y-axis and energy on the x-axis showing elemental composition of TAE

derived biogenic SeNPs.
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by applying one-way and two-way ANOVA, followed by

Turkey’s test and Bonferroni’s test. The variation was

considered statistically significant at P<0.05.

Results and Discussion
Biosynthesis and Characterization of

SeNPs
The present study was focused on the biosynthesis and

characterization of SeNPs prior to further experimentations.

The initial confirmation of nanoparticle synthesis was done

by the color change of the reaction mixture from yellowish

brown to brick red (Figure 1) within 72 hours of reaction,

the characteristic feature of SeNPs as previously

described.21 It was further confirmed by UV-visible spectra

due to the maximum absorption peak of SeNPs at 275 nm22

(Figure 4B) that was not presented by the spectra of seed

extract (Figure 4A). The FTIR was performed to identify

the functional groups present in the Trachyspermum ammi

plant extract and its derived SeNPs. The FTIR spectral

bands of plant extract at 3,430 cm−1, 1,631.88 cm−1, and

1,046 cm−1 shifted to 3,416.68 cm−1, 1,630.55 cm−1, and

1,051.63 cm−1 in the spectra of SeNPs, indicating the

involvement of O-H, N-H, and C-F groups in the biosynth-

esis of SeNPs (Figure 5), and was in agreement with the

spectra previously reported.21 The crystallinity of SeNPs

was confirmed by XRD spectra with the diffraction peaks at

2-theta values of 23°, 30°, 41°, 43°, 45°, 51°, 55°, 61°, and

65° that are indexed (101), (110), (102), (111), (201), (103),

(210) planes of selenium (Figure 6). The obtained XRD

spectra of biogenic SeNPS was in agreement with the

JCPDS File No. 00-042-1425 and similar types of spectra

have also been reported.21,22,23 The SEM analysis deter-

mined the spherical to irregular morphology of SeNPs and

their average particle size measured from SEM image,

which turned out to be 43.28 nm (Figure 7). EDX spectra

confirms the presence of Se in the sample by its specific

peaks at 1.37, 11.22, and 12.49 KeV (Figure 8) as discussed

in previous studies,24,25 while the separate peaks of oxygen

in the spectrum confirms that nanoparticles are not present

in its oxide form, they are pure selenium nanoparticles.

Clinical Chemistry Parameters of Healthy

Mice after SeNPs Administration
The toxicological potential of nanoparticles having smaller

size can be determined by their accumulation in various

Therapeutic Efficacy
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Figure 9 Weight record of SeNPs-administered healthy mice at day 0, 7, and 14 of

toxicity evaluation.

Table 2 Serum Biochemical Parameters of SeNPs-Administered

Healthy Mice (Toxicity Evaluation)

Groups ALT

(U/L)

ALP

(U/L)

TB

(mg/

dL)

Cr

(mg/

dL)

Urea

(mg/dL)

Healthy

(Control)

60.67

±14.57

58.33

±8.08

0.47

±0.25

0.60

±0.17

49.00

±0.00

SeNPs

(2.5 mg/kg)

45.50

±14.85

48.00

±11.31

0.10

±0.00

0.45

±0.35

63.00

±29.70

SeNPs

(5 mg/kg)

40.33

±9.61

41.67

±19.09

0.13

±0.58

0.40

±0.00

63.00

±9.99

SeNPs

(10 mg/kg)

49.00

±14.00

37.33

±4.04

0.20

±0.17

0.45

±0.07

91.00

±9.90*

SeNPs

(20 mg/kg)

55.33

±14.05

81.33

±44.75

0.10

±0.00

0.55

±0.07

65.00

±2.83

Note: * Significant difference in the level of urea in the 10 mg/kg SeNPs treated

group (P<0.05) in comparison to the healthy group.

Abbreviations: ALT, alanine aminotransferase; ALP, alkaline phosphatase; TB, total

bilirubin; Cr, creatinine; mg/kg, milligrams per kilogram.

Figure 10 Spleen indices of SeNPs-administered healthy mice in comparison to the

healthy control group. No significant difference was found in the spleen indices of

the SeNPs treated groups at the doses of 2.5, 5, 10, and 20mg/kg with respect to

the healthy mice (P=0.552).
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tissues because larger size particles are efficiently cleared by

macrophages.26 In the present study the in-vivo toxicity of

SeNPs was assessed by a method previously described.27

The body weight (Figure 9) and spleen indices (Figure 10)

of all the treated groups were found to be normal as com-

pared to the healthy controls. According to the literature, the

liver is the main organ in animals effected by selenium

toxicity, damaging its physical integrity, and this is measured

by elevated levels of liver function associated enzymes such

as ALT, AST, ALP,27 and serum bilirubin.28 Similarly for

kidney dysfunction RFTs including serum urea and creati-

nine was performed.29 Hence, in this study LFTs and RFTs

were performed and no significant differences were found in

serum biochemical parameters in SeNPs-administered

healthy mice and our results are consistent with previous

studies.29,30 In the present study the level of urea was found

to be significantly higher only in the group receiving 10 mg/

kg SeNPs (Table 2) which may be due to altered membrane

penetrability prompted by SeNPs.31

Histopathological Analysis of SeNPs

Administered Healthy Mice
To evaluate the toxicity of biogenic SeNPs at tissue level

the histopathological analysis of the liver, kidney, and

spleen was done and no significant signs of toxicity were

observed in the spleen (Figure 11A–E). However, in the

liver tissue occasional mononuclear lymphocytic cellular

infiltration was observed (Figure 11F–J), as previously

reported,29 but mild cellular influx was found in the glo-

merular surroundings at a dose rate of 10 and 20 mg/kg

(Figure 11K–O) that is in line with high serum urea level.

Paw Edema and Swelling of SeNP Treated

Mice
Due to anti-oxidant potential, nano-selenium can be used as

anti-oxidant and chemo-therapeutic agents with a low risk of

toxicity.26,32 At present, the anti-oxidant and anti-arthritic

activity of TAE mediated SeNPs was evaluated by adminis-

tration of two doses of SeNPs (5 and 10 mg/kg) along with

* *

*
*

*

*
**

F H IG J

K M NL O

A C DB E

1000µm 1000µm 1000µm 1000µm 1000µm

5µm5µm5µm5µm5µm

5µm 5µm5µm 5µm 5µm

Figure 11 Microphotographs of histopathological sections of SeNPs-administered (2.5, 5, 10, and 20 mg/kg) mice spleen at 10x magnification. (A) Healthy control showing

normal splenic architecture with well-defined red and white pulp areas. (B–E) Spleen of SeNPs-administered mice preserved the normal splenic architecture in all groups,

respectively. Microphotographs of histopathological sections of SeNPs-administered (2.5, 5, 10, and 20 mg/kg) mice liver at 40x magnification. (F) Liver section of healthy

control mice with intact cellular morphology, normal hepatocytes, and kupffer cells. (G–J) SeNPs administration led to occasional mononuclear lymphocytic cellular

infiltration (arrows) along with normal cellular morphology at all the tested doses. Microphotographs of histopathological sections of SeNPs-administered (2.5, 5, 10, and

20 mg/kg) mice kidney at 40x magnification. (K) kidney section of healthy mice showed normal morphology with intact glomeruli (black arrow) and tubular structures (*).

(L–O) Normal morphology of kidney at the doses of 2.5 and 5 mg/kg but mild cellular infiltration was observed in the glomerular surroundings (thick arrows) at 10 and

20 mg/kg tested doses.
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the 10mg/kg dose of standard drug Leflunomide to CIAmice

through feed. The reduction in the inflammation and paw

edema was evident of its anti-arthritic activity throughout the

treatment period (Figure 12) which is in correlation with the

observation of Umar et al.3 After completion of treatment the

reduction in the paw edema of the Leflunomide treated group

was considerably higher (P<0.001) than the groups receiving

SeNPs (P<0.05) (Figure 13). The weight of arthritic group

started to decrease after one week, while other experimental

groups restored the weight towards normal (Figure 14).

SeNP (5 mg/kg)

SeNP (10 mg/kg)

Leflunomide

A
DC

B

FE

G H

Figure 12 (A and B) Ventral and dorsal view of Grade-4 arthritic paw of mice at day-0 of treatment. (C) Ventral and dorsal view of Grade-4 arthritic mice treated with

SeNP (5 mg/kg) at day-7 while (D) representing the paw at day-14 of the treatment showing significant recovery of normal paw size, (E) ventral and dorsal view of arthritic

mice treated with SeNP (10 mg/kg) at day-7 while (F) representing the paw at day-14 of the treatment, (G) ventral and dorsal view of arthritic mice treated with

Leflunomide (10 mg/kg) at day-7 and (H) representing the paw at day-14 of the treatment showing reduction in the paw size along with the recovery of ankylosis.
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Figure 13 Paw measurements of SeNPs treated arthritic mice indicating

a significant reduction in paw volume of Leflunomide (***P<0.001) and 5 mg/kg

and 10 mg/kg SeNPs (*P<0.05) treated mice after completion of treatment.

Statistical analysis was performed using two-way ANOVA with Bonferroni’s post

hoc analysis and results are reported as mean±SD.
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Figure 14 Weight record of SeNPs-treated arthritic mice at day 0, 7, and 14 of

treatment. Statistical analysis was performed using two-way ANOVA with

Bonferroni’s post hoc analysis and results are reported as mean±SD.
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Clinical Chemistry Parameters of SeNPs

Treated Mice
To assess the effect of biogenic SeNPs on the liver and

kidney functioning, LFTs and RFTs were performed. All

the parameters were found to be normal, while the level of

ALP was found to be significantly higher only in the arthritic

mice (Table 3), which is correlated with the disease severity

in RA17 and was restored to its normal level among the

SeNPs treated groups.

Estimation of Anti-Oxidant Activity of

SeNPs in Treated Mice
The catalase part of anti-oxidant defense system of the body

responsible for catalyzing the reduction of hydrogen perox-

ides and its reduced level leads to increased production and

accumulation of free radicals that alter the biological activ-

ities of cells.28,33 Administration of these biogenic SeNPs

increased the activities of catalase in the liver to some extent

in the present study (Figure 15) but a significant increase was

observed in the case of TAE extract as reported by Umar

et al.3 The free radical scavenging activity of these SeNPs

was also evaluated to assess their in-vivo anti-oxidant poten-

tial, and the groups receiving 5 mg/kg SeNPs showed higher

anti-oxidant activity than the 10 mg/kg SeNPs (Figure 16),

similar to the results of Leflunomide drug.

Histopathological Analysis of SeNPs

Treated Mice Paw
Histopathological examination was carried out to analyze the

damage in the bone-surrounding areas of CIA paw tissue

(Figure 17B) in comparison to healthy controls (Figure 17A).

The microphotographic data also showed a positive effect of

SeNPs treatment on reducing the arthritic severity by

Table 3 Serum Biochemical Parameters of SeNPs and

Leflunomide Treated Groups in Comparison to Untreated

Arthritic Mice (Therapeutic Evaluation)

Groups ALT

(U/L)

ALP

(U/L)

TB

(mg/

dL)

Cr

(mg/

dL)

Urea

(mg/

dL)

Healthy

(Control)

28.00

±9.00

65.00

±7.810

0.063

±0.005

0.240

±0.052

46.330

±5.033

RA 37.00

±15.556

93.00

±0.000*

0.050

±0.028

0.240

±0.014

46.500

±10.606

Leflunomide

(10 mg/kg)

18.66

±10.263

65.66

±18.556

0.470

±0.405

0.763

±0.098

45.666

±20.599

SeNPs (5 mg/

kg)

41.00

±25.514

52.33

±7.505

0.313

±0.020

0.710

±0.165

47.000

±8.660

SeNPs

(10 mg/kg)

43.66

±1.154

64.00

±14.730

0.200

±0.052

0.776

±0.011

52.333

±12.096

Notes: * Significant difference in the level of ALP in the untreated arthritic group

(P<0.05) in comparison to the healthy control group.

Abbreviations: ALT, alanine aminotransferase; ALP, alkaline phosphatase; TB, total

bilirubin; Cr, creatinine; mg/kg, milligrams per kilogram.

Figure 15 Catalase activity in liver tissue of treated arthritic mice in comparison to

untreated arthritic mice. No significant difference was found in the catalase activity

of SeNPs treated groups (5 mg/kg and 10 mg/kg) and of the Leflunomide group with

respect to the arthritic mice (P=0.5097).

RA
(C

on
tro

l)

SeN
P (5

m
g/k

g)

SeN
P (1

0m
g/k

g)

Lefl
unom

id
e

0

20

40

60

80

100

Sc
av

en
gi

ng
 A

ct
iv

it
y 

(%
)

Figure 16 Graph represents the percentage of DPPH radical scavenging activity of

different concentrations of biogenic SeNPs (5 mg/kg and 10 mg/kg) and Leflunomide

drug in serum in comparison to untreated arthritic mice. SeNPs 5mg/kg and the

Leflunomide showed significant scavenging activities (P<0.01) indicated by (**) in

graph, while 10 mg/kg SeNPs showed (P<0.05) (*) with respect to the arthritic

control group. Statistical analysis was performed using one-way ANOVA with

Turkey’s t-test post hoc analysis and results are reported as mean±SD (n=6 mice

for all the groups) (R2=0.883).
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relieving the cellular infiltration and synovial hyperplasia

along with restoration of normal bone morphology (Figure

17D and E) that is similar to the results of a study previously

conducted by Malhotra et al,15 whereas the standard drug

Leflunomide restored normal bone morphology but did not

reduce the cellular influx (Figure 17C). Hence a lower dose

(5mg/kg) of biogenic SeNPs turns out to be more effective in

treating RA by significantly enhancing the level of anti-

oxidants and alleviating the joint damage in collagen-

induced arthritis.

Conclusion
In the current study we have developed Trachyspermum

ammi derived biogenic SeNPs. The findings of our study

confirmed that these biogenic SeNPs exhibit anti-oxidant,

anti-rheumatic and immunomodulatory properties.

However further investigation is needed to elucidate the

effect of these biogenic SeNPs in the mechanism of action

on different enzymes and genes involved in inflammation

and oxidative stress in RA.

Abbreviations
SeNPs, Selenium nanoparticles; RA, Rheumatoid Arthritis;

NIH, National Institute of Health; CIA, Collagen Induced

Arthritis; LFTs, Liver Function Tests; RFTs, Renal Function

Tests; ALT, Alanine amino-transferase5; ALP, Alkaline

Phosphatase; tb, Total Bilirubin; Cr, Creatinine; U/L, unit per

liter; mg/dl, milligram per deciliter; SEM, Scanning Electron

Microscopy; FTIR, Fourier Transform Infrared spectroscopy;

DPPH, 2, 2-Diphenyl-1-Picrylhydrazyl; TAE,Trachyspermum

ammi extract; XRD, X-Ray Diffractometer; UV, Ultra Violet.
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Figure 17 Microphotographs of histopathological paw sections of CIA mice at 40x magnification. (A) Healthy control mice with normal synovium and bone morphology. (B)
Arthritic model mice showed hyperplasia of synovial lining (black arrow), bone erosion (*), and cellular infiltration (hollow arrow). (C) Leflunomide treated CIA mice

showed cellular infiltration with restored normal bone morphology. (D) 5 mg/kg SeNPs treated mice. (E) 10 mg/kg SeNPs treated mice. SeNPs treatment led to relief of

cellular infiltration and synovial hyperplasia along with restoration of normal bone morphology.
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