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ABSTRACT

Background: Equisetum diffusum D. Don (Family Equisetaceae, common name ‘Himalayan
horsetail’) is one such medicinally important herb that has a long history of traditional use among
different tribal populations of the sub-Himalayan regions in India for treating back discomfort,
bone fractures, and dislocations, as well as Rheumatoid Arthritis (RA). Objectives: This study
aims to assess the in vivo anti-inflammatory and anti-arthritic characteristics of whole-plant of
E. diffusum ethyl acetate (EDEAE) and n-hexane (EDHE) extracts. Materials and Methods: The
adjuvant-induced arthritic rat model was utilized for assessing different arthritic parameters. The
GC-MS studies was conducted for screening the bioactive phytocomponents in both solvent
extracts. Results: In our study, both the EDEAE and EDHE significantly reduced the arthritic
scores, normalized body weight, and restored paw-edema and hematological, biochemical,
radiological, and histological states. From our GC-MS analysis, we found that EDHE and EDEAE
consist of 75 and 133 unique bioactive phytocompounds, respectively. Out of which, eight (8)
and seventeen (17) phytocompounds from the EDHE and EDEAE extracts showed the presence
of anti-arthritic and/or anti-inflammatory characteristics, respectively. Conclusion: The findings
of our study provide solid evidence for the anti-arthritic characteristics of different solvent
extracts derived from E. diffusum in a chronic adjuvant-induced arthritic model. However, the
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EDEAE extract exhibited a more favorable outcome in comparison to the EDHE extract.
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INTRODUCTION

Inflammation is the immediate defense response of the immune
system to foreign substances at and after their entrance to the
body.l"! Based on its persistence in the body, inflammation is
divided into acute inflammation and chronic inflammation.?
The unresolved acute phase causes a protracted inflammatory
response, which is associated with many chronic inflammatory
conditions, including cancer, diabetes, Rheumatoid Arthritis (RA),
atherosclerosis, and inflammatory bowel disease.”! RA, at its 1%
prevalence rate, is prevalent in one out of three males.*! Current
medical approaches like Non-Steroidal Anti-Inflammatory Drugs
(NSAIDs) can treat prolonged inflammation. However, long-term
exposure to these drugs can severely affect the kidneys and
gastrointestinal tract through the inhibition of Cyclooxygenase
(COX) and prostaglandin production.” As a result, herbal
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medicines are gradually becoming a popular alternative among
the scientific community due to their fewer side effects.

The genus Equisetum, a pteridophyte with high silica and
phytol content, is widely used as a medicinal plant due to its
therapeutic potential.!! The whole plant of Equisetum diffusum
D. Don (Equisetaceae) is a highly valued medicinal herb in the
sub-Himalayan belt of India. Due to its ‘horsetail’ -like appearance,
the plant finds its common name as ‘Himalayan horsetail’ The
plant is also locally known as ‘Kurkure Jhar, ‘Chasmaa Jhar) and
‘Aankhle Jhar’” The plant is found mainly in the hilly regions
of tropical and subtropical areas, especially in southeast Asian
countries like India, Nepal, Bangladesh, Bhutan, China, Tibet,
Myanmar, Vietnam, Thailand, and Pakistan.” The whole plant
extract is also used for the healing of bone fractures by the Adi,
Galo, Tagin, and Nyshi tribes in Arunachal Pradesh, India.®
The Munda, Ho, Kharia, Oraoans, Bedia, Purans, Lohra, and
Santhals communities use the whole plant powder with mustard
to treat bone fractures, back pain, muscular pain, osteoporosis,
and arthritis.”’ The herb also finds use among the ethnic tribes
of Jammu-Kashmir, Sikkim, and Madhya Pradesh for curing
arthritis, gonorrhoea, bone fractures, and bone dislocation.""
The Raute community in Nepal uses the stem and whole plant
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paste to treat rheumatoid arthritis, inflammation, and joint
pain.”’ The Mulam people in Guangxi, China, use the plant for
its anti-inflammatory properties in wound healing.!'!! The native
communities in Pakistan often use the whole plant to alleviate
arthritis.['”

Despite the strong ethnobotanical evidence of the plant, there is
limited experimental evidence published to date. The essential
oil isolated from the Equisetum diffusum aerial parts showed
the presence of 52 important bioactive phytochemicals, with
phytol as a major component using the GC-FID and GC-MS
study.l In our prior studies, we have confirmed the presence
of satisfactory total phenols, flavonoids, tannins, and saponins
content in the EDME."® The methanol extract of the whole
plant also showed substantial antioxidant properties against
ABTS, DPPH, the FRAP technique, and superoxide radicals.!'”
The anti-inflammatory characteristics of the plant were
also confirmed by in vitro protein-denaturation inhibition,
membrane-stabilization hemolysis tests, and in vivo paw-edema
tests induced by carrageenan." The efficacy of the methanolic
extract of the whole plant in treating arthritis was also validated
from the in vivo FCA-induced arthritic model studies, where the
methanol extract was found to have significantly improved the
RA symptoms like arthritic score, paw edema, loss of body weight,
hematological, biochemical, radiological, and histopathological
parameters.!'

Despite these findings, the main aim of the current work is to
examine the anti-arthritic characteristics of two solvent extracts
(mid-polar, ethyl acetate, and non-polar, n-hexane) of the
whole plant. Our present study was also aimed at identifying
the bioactive phytocompounds possessing anti-arthritic and
anti-inflammatory characteristics from the different solvent
extracts using GC-MS analysis.

MATERIALS AND METHODS

Chemicals and Reagents

HPLC grade ethyl acetate and n-hexane were purchased from
Sisco Research Laboratories (SRL), India. Carboxymethylcellulose
(CMC) was procured from HiMedia, India. Freund’s Complete
Adjuvant (FCA) was purchased from Sigma-Aldrich, USA. All
the chemicals used were of molecular biology grade.

Collection of plant specimen and identification

We collected the fresh part of the whole plant from Naya
Basti, Lebong, located in the Darjeeling district of West
Bengal’s sub-Himalayan Terai area. The specific coordinates
of the collection site are Latitude 27.053171°N and Longitude
88.265506°E. An herbarium of our plant specimen with accession
number 10971 was submitted to the Department of Botany,
University of North Bengal and it was authenticated by Dr. M.
Chowdhury. We have also verified our plant specimen from the
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Botanical Survey of India, Howrah, India. A voucher specimen
with the identification number NBU/SS-002 was submitted to the
Central National Herbarium, BSI, India.

Preparation of whole plant extract

We properly cleaned the collected whole plant with the rhizome
and sun-dried it for 3-4 days. After complete drying, the whole
plant was pulverized into a fine powder with the help of an
electric grinder. The powdered sample (10 g) was then taken into
Whatman filter paper and wrapped with a piece of muslin cloth.
The HPLC-grade ethyl acetate and n-hexane solvents were used
for extraction for 6-7 hr with the help of a Soxhlet apparatus.
After that, both extracts underwent concentration at 50°C to
60°C temperature and 600 psi of pressure with the help of a rotary
evaporator. The yield percentages for the Equisetum diffusum
ethyl acetate (EDEAE) and n-hexane (EDHE) extracts were found
to be around 1.6% (w/w) and 2.9% (w/w), respectively. Both the
extracts were then stored separately in a sealed vial at 4°C for
future use. Both the EDEAE and EDHE extracts were dissolved
into 0.5% CMC for the purpose of animal feeding.

Animal maintenance

In this in vivo experiment, we used healthy rats of Wistar albino
strain aged between 8 and 10 weeks and weighed between 120
and 140 g. These rats were acquired from a licensed vendor and
were accommodated in the Departmental animal house. The rats
were kept up at a standard temperature of 25+3°C with a normal
day-night cycle (12 hr of light/12 hr of darkness). All the animals
could get access to standard pellets and normal saline water (0.9%
NaCl). The animals had a 2-week acclimatization period before
the start of the studies.

Acute oral toxicity test

The OECD guideline 423 was followed for conducting the oral
acute toxicity assay.'® In this assay, the experimental groups
consisted of both sexes of Wistar albino rats weighing 120+10
g. The rats were categorized into 5 groups for each extract, each
consisting of 6 rats: 3 males and 3 females. Group I for both
extracts were considered a ‘normal group’ where rats received
a normal diet and 0.9% saline. The remaining four groups
were designated as experimental dose-groups, and they were
administered individual dosages of 250, 500, 1000, and 2000 mg/
kg of respective plant extracts (EDHE and EDEAE) orally. After
the administration of the respective doses, behavioral changes
of all the rats were thoroughly observed individually for the first
30 min and then every 1 hr for the next 24 hr. All the animals
were then observed individually for 14 days from the day of the
experiment to assess whether there was any appearance of late
toxicological effects. After the experiment, the Lethality value
(LD,,) of both the extracts was determined, based on which the
dose for the chronic arthritic model was selected.
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FCA-induced chronic arthritic model

A total of 24 male rats weighing 140+10 g was categorized into
four groups, with each group consisting of 6 rats for each extract
(EDHE and EDEAE) (1=6). The animal groupings for the chronic
arthritic model are as follows:

Group I (Arthritic Control group): All the rats received 0.9%
normal saline throughout the experimental tenure.

Group IT (High-dose group of EDHE and EDEAE): Rats received
single-time oral administration of 500 mg/kg b.w. of EDHE and
EDEAE from the beginning of the study (day 0) till the end of the
study (day 28).

Group IIT (Low-dose group of EDHE and EDEAE): Rats received
single-time oral administration of 250 mg/kg b.w. of EDHE and
EDEAE from the beginning of the study (day 0) till the end of the
study (day 28).

Group IV (Vehicle Control group): The rats in this group only
received 0.5% CMC from day 0 to day 28.

The EDHE and EDEAE doses were administered once daily from
day 0 till the end of experimental tenure (day 28).

Induction of arthritis

The induction of arthritis was conducted following standard
established methodology."! For this, 0.1 mL of FCA was
intradermally administered into the right hind paws (sub-plantar
area) of all the experimental rats, except the group IV vehicle
control rats. The trial commenced on day 0 with the administration
of FCA, followed by a booster dosage of 0.1 mL on the day 14 of
the study.®

Biometric studies

The body weight of individual rats in the experimental groups
was measured weekly, starting from day 1 until the end of the
experimental tenure. After the experimental tenure at day 28, all
the rats were sacrificed following previous standard protocols.!"”!
After the sacrifice, the major internal organs, like the kidney and
liver, were collected, and their weight was recorded. The absolute
organ weight was used to calculate relative weights, following the
standard formula.['®!

Paw diameter of each rat was measured with the help of the
vernier caliper at two different planes following the standard
formula."'”] The measurements were recorded starting from
day 0 and continued every 2 days until the completion of the
experiment.!"!

The arthritis progression was assessed by conducting arthritic
scoring using standard published protocols, which involved
assessing paw-inflammation, swelling, and redness.”**! The
scoring system was used to evaluate the extent of swelling,
which ranges between 0 and 4. A score of ‘0’ indicates absence of
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swelling, swelling in one toe joint indicates as ‘1} swelling in toes
and toe joints indicates as 2 ankle joints swelling indicates as ‘3]
and swelling in the whole paw indicates as ‘4. We recorded these
scores on days 1, 7, 14, 21, and 28, respectively.

Hematological parameters

After sacrifice, the blood samples from each rat in the respective
groups were collected in an EDTA-coated vial following standard
methodology."” The collected blood was then used for assessing
the following hematological parameters: Red Blood Cell (RBC)
count, Hemoglobin (Hb) content, White Blood Cell (WBC)
count, and platelet count.

Biochemical assay

For the biochemical analysis, the following parameters, like
total protein, albumin, ceruloplasmin, creatinine, and urea
concentration were measured from the blood serum samples
collected on the day of sacrifice using standard methodology."”
For the serum collection, the blood from each rat in all
experimental groups was taken in a non-EDTA vial and allowed
to clot for 30 min. Next, the vials underwent centrifugation at
5000 rpm for a duration of 10 min at 4°C and the collected serum
was used to measure the parameters. The Coral Kit (Coral Clinical
Systems, India) was used to evaluate the levels of total protein,
albumin, creatinine, and urea. The level of serum ceruloplasmin
was measured by assessing the activity of p-phenylenediamine
oxidase.!"*

Radiological analysis

Allengers 325/625 X-ray machine (Mumbai, India) was used for
the radiological analysis of the right hind-paw of the FCA-induced
arthritic rats to evaluate the degree of arthritis progression. The
imaging technique used is a high-resolution digital X-ray machine
with the following settings for conducting the study: a peak of 50
kV, 50 mA, and an exposure period of 3-seconds. After that, the
original X-ray images were cropped and analyzed carefully.*?

Histopathological parameters

On the day of sacrifice, the ankle joints of the right hind paw were
surgically taken out and preserved in 10% formalin, followed
by decalcification in 3% HCIL. Moreover, the soft tissues like the
liver and kidneys were preserved in 4% formalin. Subsequently,
all the specimens were subjected to dehydration using a serial
dilution of ethanol concentration and properly embedded
with paraffin. Then, thin (5 um) sections for paw ankle-joints
(longitudinal) and organ tissues (transverse) were cut using a
microtome machine, followed by a double staining procedure
with eosin and haematoxylin stains. The tissue specimens were
then subsequently examined with the help of Nikon Eclipse E200
microscope (Tokyo, Japan) at magnifications of 10X and 40X.1'"!
The scale bars for 10X magnification were assigned to 100 pm and
for 40X magnification were assigned to 25 pum.
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GC-MS study

We subjected both solvent extracts, EDEAE and EDHE, to
GC-MS analysis using the GCMS-QP2010 Ultra spectrometer
(Shimadzu, Japan) in accordance with standard methodology.!"”
The study was conducted from the AIRF center in JNU, New
Delhi. The phytocomponents in both the solvent extracts were
identified by comparing their retention time and mass spectra to
the data available in the Willey 8 and NIST11 libraries connected
with the GC-MS equipment.”)

Statistical analysis

The statistical analyses of our study were obtained using
the GraphPad Prism Version 7.00 statistical software. The
measurement of arthritic score, paw circumference, and body
and organ weight data were expressed in meantstandard error
mean (meantS.E.M). The results for the other hematological
and biochemical tests are given as meantstandard deviation
(mean+S.D). Two-way/one-way analyses of variance (ANOVA)
were applied for comparisons involving more than two groups,
and Dunnett’s multiple comparisons test was conducted following
the post hoc analysis. Statistically significant values were set at
p<0.05.

RESULTS

Acute oral toxicity test

Both extracts showed no mortality or toxicity, or behavioral
changes within 24 hr of the experiment’s commencement. There
was also no emergence of any late toxicology effects during the
14-day observation period after the treatment schedule. The
amount of water and food intake was normal for all the rats.
Therefore, it can be concluded that both extracts were ‘non-toxic’
at 2000 mg/kg b.w. dose. As a result, the LD,  for both the extracts

was found to be more than that of 2000 mg/kg b.w. Therefore, for
the chronic arthritic model study, the low dose was selected to be
1/8" of the LD, value, i.e., 250 mg/kg b.w., and the high dose was
selected to be 1/4™ of the LD, value, i.e., 500 mg/kg b.w.

Chronic anti-arthritic properties of EDEAE and EDHE
Effect of both extracts on paw diameter analysis

The paw-circumference data for all the experimental groups of
both extracts were depicted in Figure 1. In the rats treated with
EDHE, there was no notable reduction in paw diameter until the
14" day in both the group IT and group Il rats in comparison to the
group I control arthritic rats. After booster dose administration
on day 14", a significant (p<0.05) amelioration in paw edema was
seen in the group II rats (62.662+4.190) in comparison to the rats
of arthritic control group (71.620£1.336) (Figure 1). On day 18,
significant reduction in paw-edema was seen in both the group
T (59.729+4.195; p<0.05) and group I1I (61.069+2.632; p<0.01)
rats than the group I control arthritic rats (71.008+1.287) (Figure
1). From the 21* to the 27 day, the reduction of paw-edema in
group II rats were found to be significant (p<0.01) than the group
I arthritic control rats.

In the case of ethyl acetate (EDEAE)-fed rats, no such
significant amelioration of paw-edema was seen from the 3*
day until the 12" day (Figure 1). However, after the booster
dose administration, there was a notable (p<0.05) amelioration
in paw-edema seen in both extract-treated dose groups in
comparison to the group I control arthritic rats. Similarly, on days
18 and 21, both the extract-fed group II (61.328+1.109; p<0.01)
and group III (61.743+0.378; p<0.01) rats showed a notable
amelioration of paw-swelling than the group I control arthritic
rats (71.008+1.287) (Figure 1). On day 24, the paw-swelling
showed a notable (p<0.05) reduction in both dose groups in
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Figure 1: Effect of EDHE and EDEAE on rat paw-edema of different experimental groups of chronic arthritic experiment. The data is
presented as the mean+S.E.M. of six rats each group (n=6). Two-way ANOVA was performed following Dunnett’s post hoc comparison
test (B denotes p<0.01; Ydenotes p<0.05).
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comparison to the group I control arthritic rats. On day 27, a
notable amelioration of paw-swelling was found in the group II
rats (51.724+1.960; p<0.01) than the group I control arthritic rats
(61.765+2.228) (Figure 1).

Effect of both extracts on arthritic scoring

The results of arthritic scoring for all the experimental groups
of both extracts were depicted in Supplementary 1. In the case
of EDHE-fed rats, both the high- and low-dose groups rats
did not exhibit any significant changes in the arthritic index in
comparison to the group I control arthritic rats. From day 21 and
day 28, a notable (p<0.05) reduction was shown in the high-dose
group in comparison to the rats of control arthritic group [see
Supplementary 1].

In the case of ethyl acetate (EDEAE)-treated rats, both the
group II high-dose rats (2.5+0.204) and the group III low-dose
rats (2.5+0.204) showed a notable (p<0.05) reduction of the
arthritic scoring in comparison to the group I control arthritic
rats on day 21 [see Supplementary 1]. Similarly, the high-dose
group (2.125+0.125) on day 28 resulted in a significant (p<0.01)
reduction of arthritic scoring than the group I control arthritic
rats [see Supplementary 1]. The images of the paw among all the
animal groups for both extracts are provided in Supplementary 2.

Effect of both extracts on body weight study

All the experimental groups showed no notable alterations in the
final body weight in both the EDHE and EDEAE-fed rats. The
body weights of all experimental groups remained within a range
of 140+10 g at the completion of the treatment regimen. The body
weight data of all the experimental groups for both extracts is
represented in Supplementary 3.

Effect of both extracts on organ weight

In EDHE-treated rats, the relative weight of the kidney in the
group II high-dose (0.88+0.02 g), group III low-dose (0.72+0.01
g), and group IV vehicle control rats (0.77+0.02 g) showed no
significant differences compared to the group I arthritic rats
(0.76+0.13) (Table 1). The relative weight of the liver also showed
a similar trend in both the extract-treated groups (Table 1).

In case of EDEAE, no significant alterations were found in the
relative weight of the kidney among the extract-treated group
IT high-dose (0.75+0.03), group III low-dose (0.81+0.03), and
group IV vehicle control rats (0.77+0.02) compared to the group
I arthritic rats (0.76+0.13) (Table 1). The low-dose (3.48+0.18),
high-dose (3.76+£0.14 g), and vehicle control (3.68+0.11 g)
groups also expressed a non-significant (p=0.05) alteration in
the relative liver weight of EDEAE rats than the arthritic control
group (3.19+0.31 g) (Table 1).
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Effect of both extracts on hematological parameters

For the hematological analysis, the following parameters were
measured: total count of RBC, Hb content, WBC, and platelet
counts, which were represented in Figure 2. In the case of
EDHE-fed groups, no notable (p=0.05) alterations were observed
in the RBC count and Hb content in both the extract-treated
group IT and group III rats than the group I control arthritic rats
(Figures 2A and 2B). However, a notable (p<0.05) reduction in
the WBC count was observed in both the extract-treated group II
(6.79£0.0700 x10"/uL) and group III rats (6.32+1.57 x10"*/uL)
in comparison to the group I arthritic control rats (9.32+0.963
x10%/uL). The group IV vehicle control rat (4.25+0.800 x10"/
ul; p<0.001) also showed the maximum reduction of WBC count
among the experimental groups (Figure 2C). The platelet count,
however, exhibited a non-significant (p>0.05) decline in both the
group II (684+41.5 x10"*/uL) and group III rats (712+63.1 x10"/
ul), whereas the control vehicle group (514+50.1 x10"/uL)
exhibited a significant (p<0.01) reduction in the platelet count in
comparison to the group I control arthritic rats (740£73.3 x10"/
uL) (Figure 2D).

In the case of EDEAE-treated rats, the total RBC count exhibited
a non-significant (p=0.05) change among the extract-treated
group II (7.45+0.480 x10"/uL) and group III (7.99+0.298 x10"¢/
ul) rats, in comparison to the group I control arthritic rats
(Figure 2E). Nevertheless, the WBC count resulted in a notable
reduction in the group II high-dose rats (4.65+0.575 x10"/uL;
p<0.001), group III low-dose rats (5.91+1.15 x10"/uL; p<0.01),
and group IV vehicle control rats (4.25+£0.800 x10"*/uL; p<0.001)
in comparison to the group I control arthritic rats (9.32+0.963
x10%/ul) (Figure 2G). The group II high-dose rats (612+61.7
x10"/ul) and group III low-dose rats (744+19.9 x10"/ul)
revealed a non-significant (p=0.05) reduction, whereas the group
IV control vehicle rats (514+50.1 x10"3/ul) revealed a notable
(p<0.01) reduction in platelets in comparison to the group I
control arthritic rats (740+73.3 x10"*/uL) (Figure 2H).

Effect of both extracts on biochemical parameters

The results of the biochemical parameter analysis for the chronic
arthritic model for both extracts were represented in Table 2.
For the EDHE-treated rats, we found a non-significant increase
of total protein in the low-dose group (7.04+0.373 g/dL) and
high-dose group (7.18+0.105 g/dL), whereas the group IV vehicle
control rats (7.88+0.659 g/dL; p<0.05) showed a significant
increment when compared to the group I control arthritic
rats (6.37+0.608 g/dL) (Table 2). We also observed no notable
(p=0.05) alterations in the albumin concentration in comparison
to the group I control arthritic rats (2.45+0.184 g/dL) among
all the EDHE-treated experimental groups (Table 2). However,
a significant reduction in ceruloplasmin concentration was
found in the EDHE-treated low-dose (104+16.3 mg/dL; p<0.01),
high-dose (116+10.5 mg/dL; p<0.05), and vehicle control
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group (100£19.1 mg/dL; p<0.01), in comparison to the group I
control arthritic rats (155£13.8 mg/dL) (Table 2). The creatinine
concentration exhibited non-significant (p=0.05) alterations in
the extract-treated low-dose (1.06+0.0644 mg/dL) and high-dose
(1.07+0.106 mg/dL) groups compared with the control arthritic
group (1.24+0.210 mg/dL) (Table 2). The serum urea level of
EDHE-treated rats revealed a non-significant (p>0.05) decline in
comparison to the group I control arthritic rats (27.5+3.88 mg/
dL) (Table 2).

In the EDEAE-treated rats, the serum protein concentration
revealed a non-significant (p=>0.05) alteration in both the
extract-fed group II high-dose rat groups (6.98+0.520 g/
dL) and group II low-dose (6.79+£0.467 g/dL) rats, when
compared with the control arthritic rats (6.37+0.608 g/dL)

(Table 2). The group IV vehicle control rats, however, revealed
a notable (p<0.05) increment in total protein concentration
(7.88+0.659 g/dL) in comparison to the group I control arthritic
rats. The serum albumin level also showed a similar trend in
comparison to the group I control arthritic rats (2.45+0.184 g/
dL) (Table 2). No notable (p>0.05) alterations were seen in the
ceruloplasmin level of the low-dose (153+6.85 mg/dL) and the
high-dose rats (144+12.9 mg/dL) in comparison with the control
arthritic rats (155+13.8 mg/dL) (Table 2). The administration of
EDEAE also revealed a non-significant (p>0.05) decline in the
creatinine concentration in both the extract-treated group II rats
(1.00£0.059 mg/dL) and group III rats (1.01+0.025 mg/dL) in
comparison to the group I control arthritic rats (1.24+0.210 mg/
dL) (Table 2). However, the vehicle control rats (100£19.1 mg/dL;

Table 1: Absolute (in g) and relative organ weights of the chronic arthritic model experimental rats.

Group Arthritic EDHE Low EDHE High dose EDEAE Low EDEAE High Vehicle
control dose dose dose control

Absolute kidney 1.01+0.08 1.03£0.02 1.12+0.01 1.11+0.05 1.01+0.16 0.93+0.09

weight

Relative kidney 0.76x0.13 0.72+0.01 0.88+0.02 0.81£0.03 0.75£0.03 0.77£0.02

weight

Absolute liver 4.20£0.27 5.01+£0.24 4.63£0.41 4.65%£0.35 4.92+0.31 4.44+0.47

weight

Relative liver 3.19+0.31 3.53+0.19 3.63+0.316 3.48+0.18 3.76+0.14 3.68+0.11

weight

The data is presented as the mean+S.E.M. of six rats each group (n=6). One-way ANOVA was performed following Dunnett’s post hoc comparison test. p<0.05 indicates

significance level.
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Figure 2: Effect of EDHE (upper panel) and EDEAE (lower panel) on hematological parameters of different experimental animal groups of

chronic arthritic experiment. (A, E) Total count of RBC; (B, F) Hb content; (C, G) WBC content; and (D, H) Platelet counts. The data is presented

as the meanzS.D. of six rats each group (n=6). One-way ANOVA was performed following Dunnett’s post hoc comparison test (***denotes
p<0.001, ** denotes p<0.01, and *denotes p<0.05).
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Table 2: Effect of EDHE (upper panel) and EDEAE (lower panel) on biochemical characteristics of various experimental rat groups of chronic arthritic

experiment.

EDHE

Group Total protein (g/  Albumin (g/dL) Urea (mg/dL) Creatinine (mg/dL) Ceruloplasmin (mg/
dL) dL)

Arthritic control 6.37£0.608 2.45%0.184 23.1£1.16 1.24+0.210 155+13.8
Low dose 7.04+0.373 2.74%0.286 23.9+2.41 1.06+0.064 104+16.3"
High dose 7.18+0.105 2.83+0.301 25.8+1.10 1.07+0.106 116+10.5
Vehicle control 7.88+0.659 2.95£0.200 27.5+3.88 0.988+0.033 100+19.1"

EDEAE
Arthritic control 6.37£0.608 2.45+0.184 23.1£1.16 1.24+0.210 155+13.8
Low dose 6.79£0.467 2.81£0.235 23.9+3.49 1.01+0.025 153+6.85
High dose 6.98+0.520 2.92+0.386 27.243.95 1.00£0.059 144+12.9
Vehicle control 7.88+0.659 2.95+0.200 27.5+3.88 0.988+0.033 100+19.1"

The data is presented as mean+S.D. of six rats each group (n=6). One-way ANOVA was performed following Dunnett’s post hoc comparison test (**denotes p<0.01,

and * denotes p<0.05).

p<0.01) showed a significantly lower level of ceruloplasmin than
the group I control arthritic rats. The serum urea level exhibited
a non-significant decline among all experimental groups than the
group I control arthritic rats (27.5+3.88 mg/dL; p=>0.05) (Table 2).

Effect of both extracts on radiological analysis

After the completion of the experimental schedule, the
radiographs obtained from the right hind-paws were visually
assessed using the standard radiographic imaging. It was clear
from the radiological analysis that the arthritic control rats
experienced noticeable bone disintegration with uneven joint
space and growing soft-tissue edema (Figure 3A). Compared
to the arthritic control rats, the joint space looked normal, and
the amount of soft tissue edema was reduced in both the high-
and low-dose groups of EDHE and EDEAE-treated rats (Figures
3B-3E). Among all the extract-treated groups, the paw-joint
spaces of the EDEAE high-dose group showed the highest degree
of restoration without any amount of soft tissue edema (Figure
3E). However, it was noted that the vehicle control rats had a
normal bone structure compared to the control arthritic rats
(Figure 3F).

Effect of both extracts on histopathological analyses
of paw ankle joint

The histological images of the rat paw-ankle joint of all the
experimental groups of both the EDHE and EDEAE-treated
rats are represented in Figure 4. In the Figure 4, the sections of
the group IV control vehicle rats showed normal joint cartilage,
without any immune cell’s infiltration in between the cartilage
lining (Figure 4D). On the other hand, abnormal cartilage
lining and a high level of immune cell infiltration were observed
throughout the arthritic control joint section due to severe
inflammatory arthritis (Figure 4A). However, administration of
both EDHE and EDEAE extracts in both the group II and group
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III rats showed reformation of cartilage lining and reduction of
infiltrating cells compared to the group I control arthritic rats
(Figures 4B, 4C, 4E, and 4F).

Effect of both extracts on histopathological analyses
of liver and kidney

The histoarchitecture of liver and kidney sections among all the
experimental groups showed no appreciable structural alterations.
The liver sections revealed a well-organized Hepatocyte (H),
prominent Central Vein (CV), portal vein, prominent sinusoids
with Kupffer cells, and no anomalies among all the groups [see
Supplementary 4]. Similarly, the renal sections showed well
vascularized glomeruli and well-organized Bowman’s capsule cells
among all the experimental groups without any abnormalities
[see Supplementary 5].

GC-MS Study of EDHE and EDEAE

The chemical fingerprinting for EDHE and EDEAE was
determined using GC-MS study. The phytocomponents
identified from EDHE and EDEAE are listed in Supplementary
2 and Supplementary 3, respectively. The Molecular Formula
(M.E) and Weight (M.W.), Retention Time (RT), area percentage,
and Similarity Index (SI) of all the identified phytocomponents
were provided in the Supplementary 6 and Supplementary 7.
The chromatogram of both the solvent extracts were depicted
in Supplementary 8. From our in-depth survey, we found that
the GC-MS metabolomics study of the whole plant in n-hexane
and ethyl acetate solvents was done for the first time. From
our analysis, we found that EDHE and EDEAE consisted of 75
and 133 unique bioactive phytocompounds, respectively (see
Supplementary 6 and 7). Out of the 75 phytocompounds identified
from EDHE, eight (8) bioactives were determined to possess
anti-arthritic and/or anti-inflammatory characteristics (Table
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3). Similarly, 17 compounds out of 133 from EDEAE possess the
anti-inflammatory and/or anti-arthritic characteristics (Table 3).

DISCUSSION

RA is a common chronic inflammatory illness, more prevalent
among adults and seniors alike. The prevalence of RA ranges
from 0.5% to 1%, among which the number of affected women
is three times higher than that of men worldwide.") NSAIDs,
DMARDs, and glucocorticoids are the mainstays of treatment
for RA prevention and control, although these medicines are not
without side effects. That is why herbal medicinal research has
come to the limelight as an alternative nowadays. The practice
of herbal medicines has been carried out for many years by the
tribal communities without knowing their scientific background.
As a result, these ethnobotanical supports provide the main basis
of the research to validate the scientific background of herbal
medicines. For scientific validation, the toxicity test and in vivo
efficacy of the medicines need to be conducted along with the in
silico analysis of the plant extracts. For this, the anti-inflammatory
and anti-arthritic efficacy of EDHE and EDEAE have been
examined through detailed in vivo experimentation on the
FCA-induced arthritic rat model. Alongside this, the GC-MS
study of both extracts was analyzed to identify the presence of
valuable anti-inflammatory and anti-arthritic bioactives.

From our oral acute toxicity test, we found that both the
extracts, EDHE and EDEAE, were safe up to 2000 mg/kg b.w.
dose throughout the 14-day observation period. These results
also corroborated the oral acute toxicity results of the methanol
extract of the Equisetum diffusum whole plant reported earlier.™!

The adjuvant-induced arthritic rat model is a significant and
reliable animal model to evaluate the anti-arthritic characteristics
of any drug because it provides similar features to human RA.['¢!
Several parameters were analyzed to determine the efficacy
of plant extracts for the treatment of arthritis. Among such
parameters, we performed biometric parameters (including paw
edema, arthritic index, body weight, and relative organ weight

measurements); hematological parameters (including total count
of RBC, Hb content, WBC count, and platelet counts); and
biochemical tests (like albumin, total protein, ceruloplasmin,
urea, and creatinine concentration). We have also performed
radiological and histopathological analyses to determine the
severity of the disease.

The measurement of paw-edema is a very important parameter to
determine the inflammation level, and the efficacy of the extracts
depends upon their ability to reduce paw-edema. Our study
clearly showed that the paw-swelling of the extract-fed rats for
both extracts was reduced at the end of the treatment schedule
(Figure 1). However, the EDEAE high-dose showed a higher
reduction of paw-swelling than the EDHE high-dose group
than the control arthritic rat group (Figure 1). Arthritic scoring
in arthritis-induced rats showed a similar trend in paw-edema
measurement. After administration of the booster dose, both the
extracts significantly decreased the arthritic scoring comparison
to control arthritic rats, indicating their efficacy in reducing paw
edema [Supplementary 2]. In this case too, the EDEAE high-dose
group showed higher efficacy compared to the EDHE high-dose
group (Figure 2). A similar result for the arthritic index was found
in a previous study after the treatment of n-hexane and methanol
extracts of the leaf of Tragia involucrata.™

No significant difference has been found in the body and relative
organ weights of the experimental animals after treatment with
both the extracts (Supplementary 3 and Table 1). From this, it
can be stated that neither of the extracts affects the growth or
metabolic rates of the rats. A similar study conducted by Porwal
et al., (2017) on experimental rats also showed no such changes
in body and relative organ weight when treated with an ethanolic
extract of Marsdenia tenacissimental leaves.!'"!

In arthritic conditions, the total count of RBC usually decreases
due to the reduced activity of bone marrow, thereby failing
to produce RBC.’ Our study revealed that the total count of
RBC was normalized after treatment with both the extracts in
comparison to the group I control arthritic rats (Figure 2). The

Figure 3: Radiographic examination of the ankle joints in the right hind paws of the experimental rat groups. Arrow symbols are used
to depict the enlargement and deterioration of cartilage in experimental animals. A-Arthritic control group; B-EDHE low; C-EDHE high;
D-EDEAE low; E-EDEAE high; F-Vehicle control group.
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Hemoglobin (Hb) content in the blood also increases with the
increase in the RBC count, and based on our results, we also
found a similar trend of Hb normalization to that of the RBC
count. Inflammation generally leads to an increase in total
WBC count, indicating immune system activation.” After the
treatment with EDHE and EDEAE, the WBC count showed

a significant reduction in both solvent extract-treated rats in
comparison to the group I control arthritic rats (Figure 3). The
Platelets (Pt) count also increases in arthritic conditions."” Our
study also showed a normalization of Pt counts in both the high-
and low-dose groups for both extracts in comparison to the
group I control arthritic rats. The hematological parameters in

Table 3: Biological properties of the identified phytocompounds from the GC-MS analysis of both solvent extracts, EDHE and EDEAE, respectively.

Sl. No.

20.

2L,

228

23,

24,

258

942

Phytocomponents
with M.F. and M.W.

Tetradecane [C H. , 198]

147730

Eicosane [C, H,,, 282]
Tetracosane [C H_, 338]

247 750”

Neophytadiene [C, H.,, 278]
Phytol [C, H, O, 296]

207 740

Heptacosyl heptafluorobutyrate
[C,H.FO,59]

557772

gamma-Sitosterol [C,H, O, 414]

Tris(2,4-di-tert-butylphenyl) phosphate
[C H_O,P 662]

427763 T 4

Pentadecane [C _H_, 212]

157 732>

Nonadecane [C, _H , 268]

197 740’

27Z,6E-Farnesol [C _H_ O, 222]

157726

Tetradecane [C H.O, 198]

14773

Eicosane [C_H , 282]

207 42>

Octane, 2-methyl- [C/H, , 128]
1-Decanol [C. H O, 158]

107722

Pluchidiol [C, _H, O, 208]

137720 72’

Neophytadiene [C, H,, 278]
Tetracosane [C H_, 338]

247750

Phytol [C, H, O, 296]

20" 740

2-Methylhexacosane [C,_H. , 380]

277 756"
9-Octadecenoic acid (Z)-2,3-dihydroxypropyl
ester [C, H, O,, 356]

13-Docosenamide, (Z) [C_H, .NO, 337]

227743
2,2,4-Trimethyl-3-(3,8,12,16-tetramethyl-
heptadeca- 7,11,15-tetraenyl)-cyclohexanol
[C, H,,0, 428]

30" 752

Stigmast-5-en-3-ol, (3. beta.) [C, H_O, 414]

297750
Tris(2,4-di-tert-butylphenyl) phosphate
[C,H_O,P 662]

427763 T 4

RT (min) Biological properties References
EDHE
10.359 Anti-inflammatory [23,24]
13.680 Anti-inflammatory [25,26]
16.717 Anti-inflammatory [23]
17.677 Anti-inflammatory [27-29]
20.394 Anti-inflammatory; anti-arthritic ~ [29-31]
property
28.101 Anti-inflammatory [32]
30.380 Anti-inflammatory [33]
33.702 Anti-inflammatory [34,35]
EDEAE
9.660 Anti-inflammatory; anti-arthritic ~ [26,36]
property
11.156 Anti-inflammatory [37-39]
12.275 Anti-inflammatory [40]
12.540 Anti-inflammatory [23,24]
13.675 Anti-inflammatory [25,26]
13.867 Anti-inflammatory [41]
14.963 Anti-inflammatory [42]
17.394 Anti-inflammatory [43]
17.676 Anti-inflammatory [27-29]
18.847 Anti-inflammatory; [23]
anti-arthritic property
20.397 Anti-inflammatory [29-31]
20.509 Anti-inflammatory [44]
23.122 Anti-inflammatory [45]
25.850 Anti-inflammatory [46-48]
26.014 Anti-inflammatory; anti-arthritic ~ [49]
property
27.506 Anti-inflammatory [50-52]
33.675 Anti-inflammatory [34,35]
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Figure 4: Histopathological sections (longitudinal) of the paw ankle joint among all the various experimental rat groups of chronic

arthritic experiment. The white arrows indicate deterioration of the lining of the cartilage, whereas the black arrows indicate invasion

of immune cells among the experimental rat groups. A-Arthritic control group; B-EDHE low; C-EDHE high; D-Vehicle control group;

E-EDEAE low; F-EDEAE high. The main pictures are parts seen at a 10X magnification, and the smaller pictures in the inset are parts seen
as 40X magnified images. In 10X, the scale bars are assigned to 100 pm, and in 40X, they are 25 um.

both extracts showed promising results but the EDEAE seems to
be more effective in keeping the parameters within the normal
range in comparison to EDHE (Figure 3).

The concentration of total protein and albumin usually decreases
in arthritic conditions because of alterations in concentration of
plasma-derived protein and the presence of certain inflammatory
markers such as bradykinin and prostaglandins that enhance
vascular permeability.*® The treatment with EDHE and
EDEAE showed an increase in total protein along with albumin
concentration in both the extract-fed group II high-dose and
group III low-dose rats compared to the control arthritic group
rats (Table 2). In case of total protein, the low dose of both solvent
extracts showed higher efficacy, whereas the EDHE high dose
showed a more significant effect on the serum albumin level. The
urea and creatinine levels for both extracts decreased in both dose
groups in comparison to the group I control arthritic rats, thereby
suggesting normal kidney functions after extract treatment.
Serum ceruloplasmin is one of the significant acute-phase protein
usually increases its concentration during RA progression,
causing severe injury to the liver tissue.”® In our investigation,
the level of the serum ceruloplasmin significantly decreased
when treated with EDHE. However, treatment with EDEAE also
decreased the ceruloplasmin level to some extent, indicating the
efficacy of both extracts in the treatment of arthritis (Table 2).

Radiographs are the primary diagnostic tool used in clinical
practice for the diagnosis and monitoring of RA because they
provide valuable information about the disease severity. Edema
in soft tissue is typically the first symptom of RA, although in
more advanced stages, joint gaps constrict and bone degradation
happens. In our investigation, the radiographic patterns of

Pharmacognosy Research, Vol 17, Issue 3, Jul-Sep, 2025

arthritic rats exhibited improvement after EDEAE and EDHE
treatments, showing restoration of bone degradation (Figure 3).
The histoarchitectures of the right ankle joints corroborated these
radiographic changes in arthritic rats (Figure 4). Arthritic control
rats had abnormal cartilage linings and increased immune
cell infiltration compared to the EDEAE and EDHE-treated
experimental groups (Figure 4). The liver or kidney histological
sections of the experimental groups also showed no significant
structural alterations, thereby eliminating the harmful side
effects of the plant extracts. A comparable result of radiography
and histopathology was conducted by Sarkar et al, (2025),
which showed restoration of bone erosion, an increased influx
of immune cells inside the articular cartilage linings, and an
abnormal lining of cartilage of the control arthritic rats, and no
discernible structural changes of the histopathological sections
of the major organs (liver and kidney) across the experimental
groups.!"

In summary, it can be said that both the solvent extracts
(EDEAE and EDHE) seem to exhibit the anti-inflammatory
and anti-arthritic characteristics. Both the extracts showed
ameliorative properties in the FCA-induced arthritic model.
The treatment regime of the extracts dose ameliorated the
inflammatory paw-edema and arthritis scoring, restored the
hematological parameters to the normal range, and improved
the concentration of biochemical parameters without causing
any toxic effects. However, the EDEAE showed a better effect on
the biometric and hematological parameters compared to the
EDHE extract. In the case of biochemical parameters, although
both the extracts have promising effects, the n-hexane extract
(EDHE) showed comparatively higher efficacy in improving the
concentration of the parameters compared to EDEAE.
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Researchers commonly conduct the GC-MS metabolomics
study to identify the presence of bioactive volatile substances
in a plant-derived extract.®” The two solvent extracts, EDHE
and EDEAE, yielded a total of 75 and 133 unique bioactive
phytocompounds, respectively. However, the literature survey
revealed that8 and 17 phytocompounds from the respective EDHE
and EDEAE extracts have anti-inflammatory and anti-arthritic
characteristics (Table 3). The presence of phytocompounds such
as phytol, stigmast-5-en-3-ol-(3. beta.), and pentadecane in both
extracts confirm the plant’s anti-inflammatory and anti-arthritic
efficacy.?***%511 Prior research on the GC-MS study of the
methanol extract of the whole Equisetum diffusum plant identified
a total of seven (7) phytocompounds with anti-inflammatory and
anti-arthritic attributes, including phytol derivative.'® Further
studies on the role of phytochemical compounds on gene and
protein-level expressions would provide deeper evidence of the
plant’s anti-inflammatory and anti-arthritic characteristics.

CONCLUSION

Our study assesses the anti-arthritic and anti-inflammatory
characteristics of two solvent extracts of the Equisetum
diffusum whole plant. All the parameters, including arthritic
index, paw-circumference measurement, body and organ
weight, hematological parameters, biochemical parameters,
radiological analysis, and histological examinations, indicate
that both plant extracts have valuable medicinal properties for
treating rheumatoid arthritis and other inflammatory diseases.
The GC-MS studies also screened for the presence of many
bioactive phytocompounds with proven anti-inflammatory
and anti-arthritic properties. The identified anti-inflammatory
phytocomponents additionally required separation, purification,
and bioavailability tests. So, the outcome of our study indicates
that both plant extracts exhibit a unique and significant medicinal
value with no such side effects. However, the mid-polar solvent
extract (ethyl acetate) seems to have a more promising effect
compared to the non-polar solvent extract (n-hexane). Thus,
Equisetum diffusum presents a new avenue to investigate an
alternative approach for treating inflammation-related diseases,
including arthritis.
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SUMMARY

The manuscript explores the anti-arthritic and anti-inflammatory
properties of different solvent extracts of Equisetum diffusum
(Himalayan horsetail) in an adjuvant-induced arthritic rat
model. The study compares ethyl acetate (EDEAE) and n-hexane
(EDHE) extracts, analyzing their effects on arthritis-related
parameters, including paw edema, hematological
biochemical markers, radiological and histological findings, and
GC-MS-based phytochemical profiling. The GC-MS analysis
identified 75 and 133 bioactive compounds in EDHE and
EDEAE, respectively, with several possessing anti-inflammatory
and anti-arthritic properties. Both extracts significantly reduced

and
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arthritis symptoms, with EDEAE showing superior effects. The
study therefore supports the traditional use of E. diffusum for
inflammatory conditions and suggests as a treatment measure for
arthritic conditions.

REFERENCES

1.

20.

21.

22.

Paul S, Modak D, Chattaraj S, Nandi D, Sarkar A, Roy J, et al. Aloe vera gel homogenate
shows anti-inflammatory activity through lysosomal membrane stabilization and
downregulation of TNF-a and Cox-2 gene expressions in inflammatory arthritic
animals. Futur J PharmSci. 2021; 7: 1-8.

. Medzhitov R. Inflammation 2010: new adventures of an old flame. Cell. 2010; 140(6):

771-6. doi: 10.1016/j.cell.2010.03.006, PMID 20303867.

. Ashley NT, Weil ZM, Nelson RJ. Inflammation: mechanisms, costs, and natural

variation. Annu Rev Ecol Evol Syst. 2012; 43(1): 385-406. doi: 10.1146/annurev-ecolsys
-040212-092530.

. Smolen JS, Aletaha D, Mclnnes IB. Rheumatoid arthritis. Lancet. 2016; 388(10055):

2023-38. doi: 10.1016/50140-6736(16)30173-8, PMID 27156434.

. Curtis JR, Singh JA. Use of biologics in rheumatoid arthritis: current and emerging

paradigms of care. Clin Ther. 2011; 33(6): 679-707. doi: 10.1016/j.clinthera.2011.05.
044, PMID 21704234.

. Takuli P, Khulbe K, Kumar P, Pant C. Chemical composition of essential oil of Equisetum

diffusum: a noble source of phytol. Int J Pharm Sci Res. 2020; 11: 5572-8.

. Shrestha HS, Kunwar RM, Turi MA, Bussmann RW, Paniagua-Zambrana NY. Equisetum

diffusum D. Don Equisetum ramosissimum Desf. Equisetaceae. In: Ethnobotany of the
Himalayas. Cham: Springer International Publishing; 2021. p. 879-89.

. Murtem G, Chaudhry P. An ethnobotanical study of medicinal plants used by the

tribes in upper Subansiri district of Arunachal Pradesh, India. Am J Ethnomed. 2016;
3(3): 35-49.

. Singh A, Sinku U. Ethnomedicinal and phytochemical studies on Equisetum diffusum

D. Don of Ranchi District. Int J Exch Knowl. 2015; 2(1): 67-73.

. Wani MH, Shah MY, Nagshi AR. Medicinal ferns of Kashmir, India. Int J Bioassays. 2016;

5(07): 4677.

. HuR, Lin C, Xu W, Liu Y, Long C. Ethnobotanical study on medicinal plants used by

Mulam people in Guangxi, China. J Ethnobiol Ethnomed. 2020; 16(1): 40. doi: 10.118
6/513002-020-00387-z, PMID 32616044.

. Ullah S, Sohil M, Khattak M, lhsan M, Begum L. List of some selected pteridophytes

from Maidan valley of Dir lower Khyber Pakhtunkhwa Pakistan. Int J Hortic Food Sci.
2019; 1(2): 15-22. doi: 10.33545/26631067.2019.v1.i2a.24.

. Sarkar S, Modak D, Haydar MS, Georrge JJ, Bhattacharjee S. Exploring the ameliorative

role of Equisetum diffusum D. Don whole-plant methanolic-extract in acute
inflammation and molecular docking analysis of GC-MS-identified phytocompounds
with few prominent inflammatory markers/cytokines for inspecting the potent.
Pharmacogn Res. 2023; 16(1): 82-97. doi: 10.5530/pres.16.1.11.

. Sarkar S, Modak, D, Roy, SK, Ashraf, GJ, Chakraborty, A, Sahu, R, et al. Equisetum

diffusum whole plant methanol extract attenuates rheumatoid arthritis by
modulating the expression of key inflammatory biomarkers in rat models. Sci Rep.
2025; 15, 9950. doi: 10.1038/541598-024-82951-1.

. OECD 423. Acute oral toxicity, OECD guidelines for the testing of chemicals, Section

4 (Dec). Paris: OECD Publishing, Organization for Economic Co-Operation and
Development Publishing; 2002.

. Bendele A, Mccomb J, Gould TY, Mcabee T, Sennello G, Chlipala E, et al. Animal

models of arthritis: relevance to human disease. Toxicol Pathol. 1999; 27(1): 134-42.
doi: 10.1177/019262339902700125, PMID 10367688.

. Modak D, Paul S, Sarkar S, Thakur S, Bhattacharjee S. Validating potent

anti-inflammatory and anti-rheumatoid properties of Drynaria quercifolia rhizome
methanolic extract through in vitro, in vivo, in silico and GC-MS-based profiling. BMC
Complement Med Ther. 2021; 21(1): 89. doi: 10.1186/s12906-021-03265-7, PMID
33711984.

. Porwal M, Khan NA, Maheshwari KK. Evaluation of acute and subacute oral toxicity

induced by ethanolic extract of Marsdenia tenacissima leaves in experimental rats.
Sci Pharm. 2017; 85(3): 29. doi: 10.3390/scipharm85030029, PMID 28825665.

. Paquet J, Goebel JC, Delaunay C, Pinzano A, Grossin L, Cournil-Henrionnet C,

et al. Cytokines profiling by multiplex analysis in experimental arthritis: which
pathophysiological relevance for articular versus systemic mediators? Arthritis Res
Ther. 2012; 14(2): R60. doi: 10.1186/ar3774, PMID 22414623.

Choudhary M, Kumar V, Gupta P, Singh S. Investigation of antiarthritic potential of
Plumeria alba L. leaves in acute and chronic models of arthritis. BioMed Res Int. 2014;
2014(1): 474616.

Zhang Q, Yu'Y, Li J, Guan Y, Huang J, Wang Z, et al. Antiarthritic activities of ethanol
extracts of Circaea mollis Sieb. J Ethnopharmacol. 2018; 225: 359-66. doi: 10.1016/j.je
p.2018.04.051, PMID 29753098.

Syed Zameer Ahmed KS, Ahmed SS, Thangakumar A, Krishnaveni R. Therapeutic
effect of Parmotrema tinctorum against complete Freund’s adjuvant-induced arthritis
in rats and identification of novel isophthalic ester derivative. Biomed Pharmacother.
2019; 112: 108646. doi: 10.1016/j.biopha.2019.108646, PMID 30970506.

Pharmacognosy Research, Vol 17, Issue 3, Jul-Sep, 2025

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Banakar P, Jayaraj M. GC-MS analysis of bioactive compounds from ethanolic leaf
extract of Waltheria indica Linn. and their pharmacological activities. Int J Pharm Sci
Res. 2018; 9(5): 2005-10.

Bhat MP, Rudrappa M, Hugar A, Gunagambhire PV, Suresh Kumar RS, Nayaka S, et
al. In vitro investigation on the biological activities of squalene derived from the soil
fungus Talaromyces pinophilus. Heliyon. 2023; 9(11): e21461. doi: 10.1016/j.heliyon.2
023.e21461, PMID 38027970.

Okechukwu PN. Evaluation of anti-inflammatory, analgesic, antipyretic effect of
eicosane, pentadecane, octacosane, and heneicosane. Asian J Pharm Clin Res. 2020;
13:29-35. doi: 10.22159/ajpcr.2020.v13i4.36196.

Chuah XQ, Okechukwu PN, Amini F, Teo SS. Eicosane, pentadecane and palmitic acid:
the effects in in vitro wound healing studies. Asian Pac J Trop Biomed. 2018; 8(10):
490-9. doi: 10.4103/2221-1691.244158.

Ihegboro GO, Ononamadu CJ, Owolarafe TA, Onifade O, Udeh JJ, Saliu AO, et al. In
vitro investigation and GC-MS analysis of the chemical constituents in the fraction
of hexane leaf extract of Tapinanthus bangwensis (Engl. and K. Krause) Loranthaceae.
Trop J Phytochem PharmSci. 2024; 3(1): 143-52.

Luhata LP, Hirao M, Mori N, Usuki T. Chemical composition and antioxidant activity of
the hexane fraction from leaf extracts of Odontonema strictum. Am J Essent Oil Nat.
Prod. 2023; 11(1): 12-6.

Willie P, Uyoh EA, Aikpokpodion PO. Gas chromatography-mass spectrometry
(GC-MS) assay of bio-active compounds and phytochemical analyses in three species
of Apocynaceae. Pharmacogn J. 2020; 13(2): 383-92. doi: 10.5530/pj.2021.13.49.

Nandita G, Hepsibha BT. Chemical composition of extracts of Artemisia pallens aerial
parts and insecticidal activity evaluation of a-terpineol against Spodoptera litura pest
by in silico approach. Anvesak. 2021; 51(2): 1-23.

Islam MT, Ayatollahi SA, Zihad SM, Sifat N, Khan MR, Paul A, et al. Phytol
anti-inflammatory activity: pre-clinical assessment and possible mechanism of
action elucidation. Cell Mol Biol (Noisy-le-grand). 2020; 66(4): 264-9. doi: 10.14715/c
mb/2020.66.4.31, PMID 32583784.

Utaji Il, Gyang FN, Ezeigwe FC, Ideh EL, Okoh AO. Nutritive Composition and GC-MS
Analysis of Bioactive Phytochemicals from the methanolic Extracts of the Stem and
Root of Tephrosia vogelii. IRIPAC. 2024; 25(2): 11-27. doi: 10.9734/irjpac/2024/v25i2
847.

Verma VP, Kumar SH, Rani KV, Sehgal N, Prakash O. Compound profiling in methanol
extract of Kalanchoe blossfeldiana (Flaming katy) leaves through GC-MS analysis and
evaluation of its bioactive properties. Glob J Adv Biol Sci. 2015; 1: 38-49.

Insuk C, Pongpamorn P, Forsythe A, Matsumoto A, Omura S, Pathom-Aree W,
et al. Taxonomic and metabolite diversities of moss-associated Actinobacteria
from Thailand. Metabolites. 2021; 12(1): 22. doi: 10.3390/metabo12010022, PMID
35050144.

Rani A, Sharma A. The genus Vitex: a review. Pharmacogn Rev. 2013; 7(14): 188-98.
doi: 10.4103/0973-7847.120522, PMID 24347927.

Bruno F, Castelli G, Migliazzo A, Piazza M, Galante A, Lo Verde VL, et al. Cytotoxic
screening and in vitro evaluation of pentadecane against Leishmania infantum
promastigotes and amastigotes. J Parasitol. 2015; 101(6): 701-5. doi: 10.1645/15-736
,PMID 26321352.

Al-Uboody WS, Waad SK, Abbas MQ. Sequelae of recurrent impact with
radiofrequency in mice. Indian J Public Health Res Dev. 2018; 9(10). doi: 10.5958/
0976-5506.2018.01242.1.

Ailli A, Handaq N, Touijer H, Gourich AA, Drioiche A, Zibouh K, et al. Phytochemistry
and biological activities of essential oils from six aromatic medicinal plants with
cosmetic properties. Antibiotics (Basel). 2023; 12(4): 721. doi: 10.3390/antibiotics1
2040721, PMID 37107083.

Ghavam M, Afzali A, Manconi M, Bacchetta G, Manca ML. Variability in chemical
composition and antimicrobial activity of essential oil of Rosa damascena Herrm.
from mountainous regions of Iran. Chem Biol Technol Agric. 2021; 8: 1-6.

Rodrigues CF, Cerndkova L. Farnesol and tyrosol: secondary metabolites with a
crucial quorum-sensing role in Candida biofilm development. Genes. 2020; 11(4):
444. doi: 10.3390/genes11040444, PMID 32325685.

Habila MM, Festus EA, Morumda D, Joseph |, Chinonso AD, Sunday AM. FTIR and
GC-MS analysis of the aqueous and ethanolic extracts of Jatropha tanjorensis leaves.
J Biosci Bioeng. 2021; 8(1): 1.

Chen J, Wang W, Shi C, Wan J, Deng L, Fang J. Determination of four volatile
compounds with anti-inflammatory biological activity in Houttuynia chordata
Thunb. by gas chromatography and gas chromatography-mass spectrometry. Anal
Lett. 2014; 47(5): 730-41. doi: 10.1080/00032719.2013.858260.

Boora P, Puri R, Rani S, Angmo D. In vitro anti-inflammatory and antioxidant properties
and GC-MS based phytoconstituent screening of methanolic fruit (berry) extracts of
Gaultheria trichophylla Royle. Def Life Sci J. 2023; 8(4): 326-33.

Kaul R, Sharma N. Exploration of novel immunomodulatory and therapeutic
compounds Produced by Probiotic Lacticaseibacillus rhamnosus KC6 |Mf443875|
Isolated from ‘Curd’ Trans Himalayan Reg India Nutrition & Food Sci. 2022; 1(1):
mpnfs-202204003.

Shaheed KA, AlGaraawi NI, Alsultany AK, Abbas ZH, Khshayyish IK, Al Khazali MT.
Analysis of bioactive phytochemical compound of (Cyperus iria L.) by using gas
chromatography-mass spectrometry. IOP Conf Ser Earth Environ Sci. 2019 ;388(1):
012064. doi: 10.1088/1755-1315/388/1/012064.

945



Sarkar, et al.: Efficacy of Equisetum diffusum Whole Plant Extract

46.

47.

48.

49.

50.

51.

52.

Sonbol HS, Hosawi SB, Hosawi MB. GC-MS analysis of the bioactive phytochemical
compounds with anticancer activity in the Capparis cartilaginea fruit extracts. J Adv
Pharm Educ Res. 2023; 13(2)(2-2023): -2023. doi: 10.51847/JgGx9yY998.

Adeyemo OM, Onilude AA, Oyinlola KA. Production, characterization of metabolites,
and antimicrobial activity of Streptomyces albospinus-OY 44. SAJSET. 2024; 2(02):
41-51.

Prasathkumar M, Anisha S, Khusro A, Mohamed Essa M, Babu Chidambaram S, Walid
Qoronfleh M, et al. Anti-pathogenic, anti-diabetic, anti-inflammatory, antioxidant,
and wound healing efficacy of Datura metel L. leaves. Arab J Chem. 2022; 15(9):
104112. doi: 10.1016/j.arabjc.2022.104112.

Njoku UO, Ogugofor MO. Gas chromatography-mass spectrometry analysis of
bioactive. | J Biol Pharm Allied Sci. 2019; 8(10): 1851-8.

Mujeeb F, Bajpai P, Pathak N. Phytochemical evaluation, antimicrobial activity, and
determination of bioactive components from leaves of Aegle marmelos. BioMed Res
Int. 2014; 2014(1): 497606. doi: 10.1155/2014/497606, PMID 24900969.

Akash SS, Singh SK. Phytoconstituents estimation of Lepidium sativum L. seed extract
using GC-MS spectroscopy. World J Pharm Res. 2017; 7: 1360-7.

Arora S, Saini M. Gas chromatography mass spectrometry profiling in methanolic
and ethyl-acetate root and stem extract of Corbichonia decumbens (Forssk.) Exell

53.

54.

55.

56.

57.

from Thar Desert of Rajasthan, India. Pharmacogn Res. 2017; 9 Suppl 1:548-52. doi: 1
0.4103/pr.pr_62_17, PMID 29333042.

Vigneshwaran S, Maharani K, Sivasakthi P, Selvan PS, Saraswathy SD, Priya ES.
Bioactive fraction of Tragia involucrata Linn. leaves attenuates inflammation in
Freund’s complete adjuvant-induced arthritis in Wistar albino rats via inhibiting
NF-kB. Inflammopharmacology. 2023; 31(2): 967-81. doi: 10.1007/s10787-023-
01154-8, PMID 36949217.

Akhtar G, Shabbir A. Urginea indica attenuated rheumatoid arthritis and inflammatory
paw edema in diverse animal models of acute and chronic inflammation. J
Ethnopharmacol. 2019 Jun 28; 238: 111864. doi: 10.1016/j.jep.2019.111864, PMID
30970284.

Ekambaram S, Perumal SS, Subramanian V. Evaluation of antiarthritic activity of
Strychnos potatorum Linn. seeds in Freund’s adjuvant induced arthritic rat model.
BMC Complement Med Ther. 2010; 10: 1-9.

Paul S, Dutta T, Chaudhuri TK, Bhattacharjee S. Curative and protective properties
of crude gel of Aloe vera from sub-Himalayan West Bengal in chronic and acute
inflammatory rat models. Indian J Tradit Knowl. 2017; 16(1): 121-7.

Khan W, Parveen R, Chester K, Parveen S, Ahmad S. Hypoglycemic potential of
aqueous extract of Moringa oleifera leaf and in vivo GC-MS metabolomics. Front
Pharmacol. 2017; 8: 577. doi: 10.3389/fphar.2017.00577, PMID 28955221.

Cite this article: Sarkar S, Chakrabarti B, Modak D, Datta R, Bhattacharjee S. Comparative Efficacy of Different Solvent Extracts of Equisetum
diffusum Whole Plant in FCA-induced Arthritic Rat Model. Pharmacog Res. 2025;17(3):934-46.

946

Pharmacognosy Research, Vol 17, Issue 3, Jul-Sep, 2025



