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Background and aim: Plantago major has long been used for medical purposes in Indonesia. However,
reports on the anti-arthritic activities of P. major are limited.
Experimental procedure: The anti-arthritic properties of an n-hexane-insoluble fraction of dichloro-
methane extracts of P. major (IPM) were evaluated using Complete Freund's Adjuvant (CFA)-induced
arthritis induced in female Wistar rat by CFA. Diclofenac was used as a positive control. The volume of
paw oedema, white blood cell count, lymphocytes, neutrophils, expression of TNF-a and Interleukin-6
and the histopathological features of the joint tissues were assessed to characterise IPM activity.
Results: The IPM extract at doses of 280 and 420 mg/kg BW and diclofenac inhibited paw oedema by
15.70 %, 15.94 % and 19.71 % respectively. IPM also reduced the incidence of arthritis and arthritic index.
Unlike untreated rats, animals treated with IPM showed a significant decrease in the number of neu-
trophils and decreased expression of TNF-a and Interleukin-6. Histopathological examination showed a
reduction in the number of inflammatory cells and hyperplasia of the synovium after IPM treatment.
Conclusion: This study showed that P. major displays anti-rheumatoid arthritis activity.
© 2021 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Rheumatoid arthritis (RA) is an autoimmune, chronic, inflam-
matory joint condition that causes joint deterioration with
discomfort, rigidity, functional loss and systemic comorbidity.1 A
characteristic of RA is chronic synovitis triggered by continuous
infiltration of immune cells into joints. Effector T cells together with
B cells and other innate immune cells form a complex network that
promotes the production of pro-inflammatory cytokines. These
molecules activate resident fibroblast-like synoviocytes and
contribute to cartilage and bone damage. Innate immune cells, such
as neutrophils and mast cells, also contribute to synovitis, as do
macrophages, which work by releasing pro-inflammatory cyto-
kines (TNF-a, IL-1 and IL-6) and small-molecule inflammatory
mediators.2 Cytokines can be divided into two groups: pro- and
anti-inflammatory. The balance between these groups is
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considered an important therapeutic objective for the treatment of
RA.

Plantago major is a member of the Plantaginaceae family.
P. major is effective as an antioxidant,3 wound healer,4,5 anti-dia-
betic,6 anti-diarrhoeal,7 anti-inflammatory,8,9 anti-bacterial and
anti-viral agent.10,11 Characteristics of P. major reflect various plant
components. The species produces a variety of bioactive com-
pounds, including flavonoids, alkaloids, terpenoids, phenolic com-
pounds (caffeic acid derivatives), iridoid glycosides, fatty acids,
polysaccharides and vitamins.10,12 These compounds are found in
nearly all parts of the plant - seeds, leaves, flowers and roots.
Chemical analyses of leaves showed the presence of aucubine, a
glycoside, which is reported to be a powerful antitoxin.13,14 P. major
leaves also contain 0.07 % oleanolic acid and 0.22 % ursolic acid, two
major terpenoids.15e17 Ursolic acid is a selective inhibitor of
cyclooxygenase-2 catalysed prostaglandin biosynthesis.16 This in-
hibition could explain the anti-inflammatory activity of the plant.
Dichloromethane extracts of P. major inhibit leukocyte migration in
thioglycollate-induced peritonitis in mice.18 Moreover, ethanol
extracts also demonstrate anti-inflammatory activity in mouse ear
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List of abbreviations

CFA Complete Freund's Adjuvant
IPM n-hexane insoluble fraction of dichloromethane

P. major extracts
TNF-a Tumor necrosis factor-a
IL-6 Interleukin 6
RA Rheumatoid arthritis
COX-2 Cyclooxygenase-2

Table 1
Experimental design.

Group Treatment

Group 1
Group 2
Group 3
Group 4
Group 5

Normal Control (NC)
RA Control (RAC)
CFA þ Na diclofenac 5 mg/kg
CFA þ IPM 280 mg/kg BW
CFA þ IPM 420 mg/kg BW

Extracts/Na diclofenac were orally administered daily from day
16e46.
IPM: n-hexane-insoluble fraction of dichloromethane extracts of
P. major.
RA: Rheumatoid arthritis.
CFA: Complete Freund's Adjuvant.
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oedema induced by croton oil.19

Adjuvant arthritis in rats is a commonly used model for RA and
predicts the clinical effectiveness of certain medicines for human
RA.1,20e22 This study evaluated the activity of an insoluble hexane
fraction of P. major extracts in arthritic female Wistar rats induced
with Complete Freund's Adjuvant (CFA).

2. Material and methods

2.1. Drug and chemicals

Complete Freund's Adjuvant (CFA), sodium diclofenac, antibody
anti- IL-6, antibody anti- TNF-a and sodium carboxymethylcellu-
lose (Na-CMC) were purchased from Merck. All other chemicals
were of the highest purity and analytical grade.

2.2. Preparations of extracts and fractions

P. major was collected from B2P2TOOT (Centre for Research and
Development of Medicinal Plants and Traditional Medicines),
Tawangmangu, Indonesia. The voucher specimen was deposited at
the Laboratory of Pharmaceutical Biology, Department of Phar-
macy, Universitas Islam, Indonesia. Powdered plant material
(1000 g) was macerated with dichloromethane (3 L) for 24 h at
room temperature. After filtration, the residue was re-macerated
with dichloromethane. Filtrates were mixed and evaporated un-
der reduced pressure. The dried extract (170 g) was then dissolved
in 425 mL n-hexane to produce n-hexane soluble and insoluble
fractions. The fractionation was repeated six times before a col-
ourless n-hexane soluble fraction was obtained. This method yiel-
ded 77.4 g and 44.1 g of soluble and insoluble n-hexane fractions,
respectively. IPM was then used in tests for anti-arthritic activity.

2.3. Animals

Female albinoWistar rats, age 12weeks, were obtained from the
Laboratory of Pharmacology, Department of Pharmacy Universitas
Islam Indonesia. Animals were maintained under standard labo-
ratory conditions (12 h light/darkness; at 25 �C ± 3 �C) with stan-
dard animal diet and water available ad libitum. All animal
experiments were approved by the Medical and Health Research
Ethics Committee Faculty of Medicine Universitas Islam Indonesia,
with reference number 541/Dek/70-TA/Bag.TA/VIII/2018.

2.4. Experimental design

Rats were acclimatised in the animal house for a week, then
randomly divided into five groups of five animals. Group I rats were
the normal control; group II animals were administered CFA and
served as the RA control group; rats in groups III, IV and V were
administered CFA and treated as indicated in Table 1.
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2.4.1. Dose selection
Acute toxicity studies were not conducted since safety up to a

dose of 6200 mg/kg has been reported.23 The two doses 280 and
420 mg/kg BW were selected based on a previous study using
thioglycollate-induced leukocyte migration in mice.18

2.4.2. Evaluation of anti-RA
Paw volume of each animal was measured (day 0) to establish a

baseline. Arthritis was induced as previously described.24 Briefly,
0.15 mL of CFA was injected into the plantar area of the right hind
paw. An equal amount of salinewas injected into the left paw at day
0. Volume of oedemawasmeasured every 3 days up to day 47 using
a plethysmometer (Ugo Basile, Italy). RA was confirmed by
assessing the arthritis index as previously described25 every 3 days
for 3 weeks. The clinical severity of arthritis was ranked based on
changes in swelling and redness of the toes, footpads and ankles,
with a maximum score of 2 per paw. The mean of the cumulative
value for all paws was taken as the arthritic index (AI). Rats were
considered to have arthritis when AI was at least 1.25 From days
16e46, treated animals received IPM orally with doses of 280 or
420 mg/kg BW. Rats in negative and positive control groups
received CMC or diclofenac sodium 5 mg/kg BW, respectively. An-
imals were sacrificed by administering a high dose of ketamine-
xylazine and joint tissue was dissected for histological studies.

2.4.3. Haematological parameters
The blood samples were collected by retro-orbital puncture.

Calculation of total leukocytes and differential counts of leukocytes
was performed at day 0 and day 47 using a Sysmex KX-21 hae-
matology analyser (Japan).

2.4.4. Haematoxylin -eosin staining
At day 47, all rats were sacrificed after blood sample collection.

Hind paws were removed above the knee joint for histological
examination. Paws were fixed in 10 % phosphate-buffered formalin,
decalcified in 10 % EDTA for 30 days at 4 �C and embedded in
paraffin. Serial 5 mm sections were cut and stained with haema-
toxylin and eosin, then examined under a light microscope to
identify areas containing inflammatory cells. Microscopic fields
were analysed at a magnification of 400�.

2.4.5. TNF-a and IL-6 staining of the joint tissue
Immunohistochemistry assays used the streptavidin-biotin-

peroxidase process. Analyses were carried out in the Pathology
Department of the Central General Hospital, Dr. Sardjito, Yogya-
karta. Joint tissue was fixed in 10 % buffered formalin for 24 h,
followed by 70 % alcohol solution for 24 h, then imbedded in a
paraffin block. Four-micron joint tissue sections were placed on
poly-lysine coated slides. Sections were deparaffinised, dehydrated
in xylol and ethanol and heated in a microwave oven in 0.1 M



Fig. 2. The decrease of paw oedema following n-hexane-insoluble fraction of
dichloromethane extracts of P. major (IPM) and diclofenac treatment. Values expressed
as means ± SE, n ¼ 5, #P < 0.05 with diclofenac. IPM extracts at doses of 280 and
420 mg/kg BW and diclofenac inhibit paw oedema.

Fig. 3. Comparison of the Arthritic Index (AI) of treated animals on day 16 and 47.
Values expressed as means ± SE, n ¼ 5, *P < 0.05, with RA Control, #P < 0.05 with
diclofenac. IPM: n-hexane-insoluble fraction of dichloromethane extracts of P. major;
RA: Rheumatoid arthritis.
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citrate buffer (pH 6) for about 40 min for antigen recovery. After
cooling at room temperature for 20 min, slides were washed with
phosphate-buffered saline (PBS), followed by a 15-min blockade of
endogenous peroxidase with 3% H2O2. Slides were then incubated
with rabbit primary antibodies (anti-TNF-a and anti-IL6) in PBS-
BSA overnight at 4 �C following manufacturer instructions. The
next day, slides were washed in PBS, the secondary biotinylated
rabbit antibody (anti-IgG) in PBS-BSA was added and incubated for
30 min. After washing in PBS, slides were incubated with conju-
gated streptavidin peroxidase complex (Merck) at room tempera-
ture for 15 min, followed by incubating with 3,3
0Diaminobenzidine-peroxide (DAB) chromophore and counter-
stained with Harris haematoxylin. Image Raster and OptiLab
Viewer software (USA) quantified histopathological data by
counting the number of immunoreactive cells that expressed TNF-a
and IL-6.

3. Statistical analysis

The results are expressed as mean ± S.E and analysed using one-
way ANOVA followed by KruskaleWallis andManneWhitney tests.
A difference was considered significant at P < 0.05. Expression of
TNF-a and IL-6 was measured qualitatively and semi-quantitatively
by determining the percentage of positive brown cells under a
microscope with a magnification of 400�. Analysis of TNF-a and IL-
6 expression used Shapiro-Wilk tests for normality. Differences
between experimental groups were tested using one-way ANOVA
followed by a Tukey test.

4. Results

4.1. Rat hind paw volume

The effect of IPM on CFA-induced arthritis was examined by
measuring paw volume. Swelling of CFA-injected hind paws pro-
gressed in arthritic rats over time until day 47 (Fig. 1). Rats that
received 280 or 420 mg/kg BW of IPM, or sodium diclofenac
showed significantly reduced paw oedema compared to RA con-
trols (P < 0.05). IPM extracts at doses of 280 and 420mg/kg BWand
diclofenac inhibit paw oedema by 15.70 %, 15.94 % and 19.71 %,
respectively (Fig. 2).

Extracts/Na diclofenac were orally administered daily from day
16e46. IPM: n-hexane-insoluble fraction of dichloromethane ex-
tracts of P. major; RA: Rheumatoid arthritis.

Further, treatment with IPM and diclofenac also inhibited
arthritic changes by 20 % (Supplementary Fig. 1). All animals
administered CFA started showing signs of clinical inflammation in
the right hind paws at day 4 (Supplementary Fig. 2). The severity of
arthritis (AI >1) was reduced significantly in IPM and diclofenac-
treated rats compared to RA controls from day 16 to day 47 (Fig. 3).
Fig. 1. Effect of prolonged treatment with IPM on paw volume.
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4.2. Haematological parameters

Induction of arthritis resulted in no significant difference in
WBC count (cells x 103/mm3) and lymphocytes (Supplementary
Figs. 3 and 4). IPM and diclofenac treatments induced a signifi-
cant decrease in neutrophil counts (Fig. 4).
4.3. Expression of TNF-a and IL-6 in joint tissue

The expression of TNF-a and IL-6 significantly increased when
arthritis was fully developed (P < 0.05). In arthritic rats, expression
of cytokines, TNF-a and IL-6, were 53.00 ± 3.7 and 402.00 ± 8.4,
respectively at day 47. Post-treatment with an IPM dose of 420 mg/
kg BW reduced expression of both TNF-a and IL-6. The TNF-a
reduction were equal to IPM dose of 280 mg/kg BW and diclofenac
Fig. 4. Effect of arthritis on neutrophil counts. Values expressed as means ± SE, n ¼ 5,
*P < 0.05, with RA Control, #P < 0.05 with diclofenac. IPM: n-hexane-insoluble fraction
of dichloromethane extracts of P. major; RA: Rheumatoid arthritis.
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while the IL-6 reductionwas greater than the reduction induced by
diclofenac and IPM dose of 280 mg/kg BW, which were equivalent
(Fig. 5). Histopathological features of TNF-a and IL-6 expression are
depicted in Supplementary Figs. 5 and 6.

4.4. Histopathological examination

Severity of disease and effects of IPM on joint histology was
assessed in photomicrographs of sections stained with H&E (Fig. 6).
No inflammation or cartilage erosionwas seen in sections of normal
rats. In contrast, CFA-treated animals were characterised by
extensive inflammation and cellular infiltration resulting in erosion
of the articular cartilage.

5. Discussion

Currently, increased interest in the therapeutic potential of
medicinal plants is driving new research. These efforts reflect
prophylactic or therapeutic efficacy, low toxicity and fewer side
effects seen for many plant extracts compared to conventional
synthetic drugs. In Indonesia, P. major has long been used for
medical purposes, including anti-inflammation, and has been
developed in pharmaceutical forms. However, reports on anti-
inflammatory and anti-arthritic activity of P. major are limited.
We analysed the effects of P. major on CFA-induced arthritic rats.
Chlorophyll was removed from the dichloromethane extract of
P. major leaves by partitioning with n-hexane to produce an n-
hexane-insoluble fraction (IPM). This process was intended to
maximise the secondary metabolite content of the extract.

CFA-induced arthritis is a well-established in vivomodel used to
investigate RA pathogenesis and to identify possible therapeutic
targets. This model is similar to human RA in both pathological and
serological aspects, including the involvement of paw oedema,
arthrodynia, decreased body weight and cartilage degrada-
tion.1,21,26 CFA triggers inflammation characterised by redness and
swelling in the digits, soles and ankles of examined animals. CFA in
joints causes histamine, kinins and prostaglandins to be released
into the bloodstream. These chemicals increase blood vessel
permeability and blood flow to the inflamed region. This effect
causes oedema, heat, erythema and discomfort. Granulocyte
migration to sites of inflammation is also facilitated by increased
vascular permeability.

In this study, paw swelling, arthritis index, arthritic incidence
and haematological changes were used to assess disease progres-
sion. Treatment with IPMmarkedly suppressed the development of
arthritis as measured by paw volume (Figs. 1 and 2), arthritic
incidence (Supplementary Fig. 1) and arthritic index (Fig. 3).

The IPM reduced the volume of oedema in arthritic rats
although activity was less compared to diclofenac. Diclofenac
Fig. 5. Effect of IPM on expression of TNF-a and IL-6 in joint tissues. Values expressed
as means ± SE, n ¼ 5, *P < 0.05 with RA control, #P < 0.05 with diclofenac. IPM: n-
hexane-insoluble fraction of dichloromethane extracts of P. major; RA: Rheumatoid
arthritis.
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inhibited paw oedema by 19.71 % and the IPM at doses of 280 and
420 mg/kg BW inhibited paw oedema by 15.70 % and 15.94 %
respectively. Rats in each group induced with CFAwere assessed by
arthritic incidence and progression of arthritis severity every four
days until day 47, using arthritis index. Arthritic incidencewas used
to determine whether rats suffer from RA and arthritis index is a
scale used to measure the severity of disease. Rats that developed
RAwere characterised by redness and swelling of toes and changes
in the shape of the soles of the feet. Diclofenac and IPM reduced the
incidence of RA by 80 % (Supplementary Fig. 1). In addition, IPM
reduced AI. The AI of IPM for doses 280 and 420 mg/kg BW were
1.5 ± 0.15 and 1.42 ± 0.13 respectively, significantly different from
diclofenac, 1.22 ± 0.12. IPM fractions are thus a source of anti-
inflammatory compounds.

IPM treatments did not change WBC or lymphocyte levels but
reduced neutrophil counts in arthritic rats. These findings were
significantly different from RA control animals and diclofenac-
treated rats (P < 0.05) (Fig. 4). Neutrophils are the most abundant
leukocytes in inflamed joints, and the importance of these cells is
demonstrated for both the initiation and progression of RA humans
and murine models. Neutrophils release toxic products, such as
reactive oxygen species, that are thought to be partly responsible
for associated tissue destruction. Neutrophils are important to
articular inflammation and modulation of neutrophil functions and
represent a target for pharmacological action in arthritis.27,28 The
IPM fraction capable of decreasing neutrophil migration may
attenuate inflammatory processes in parallel with our previous
findings18,19 and the study by Reina et al.29 The most important
compounds in P. major, baicalein and aucubin, are known for
antioxidant properties and as free radical scavengers. Baicalein is
also known as an anti-inflammatory agent, specifically for its ability
to inhibit inflammatory cytokine release in human mast cells.

In this study, the expression of cytokines, TNF-a and IL-6, known
as inflammatory mediators of RA, were also analysed.30e32 TNF-a is
the key cytokine for regulating the production of other inflamma-
tory mediators in synovial tissue.33 These cytokines activate syno-
viocytes and chondrocytes and result in the secretion of matrix
metalloproteinase to the synovial fluid. This matrix leads to carti-
lage and synovial membrane destruction.30,34 An increase in the
expression of all these parameters confirms the induction of
arthritis. IPM doses of 280 and 420 mg/kg significantly reduced
TNF-a levels compared to RA controls but were not significantly
different from diclofenac (Fig. 5, Supplementary Fig. 5). Elevated
levels of IL-6 in synovial fluid may cause an increased influx of
neutrophils to joints.35 IPM doses of 280 and 420 mg/kg signifi-
cantly reduced IL-6 expression compared to RA control and
diclofenac-treated animals (Supplementary Fig. 6). IPM-induced
reduction in neutrophil levels (Fig. 4) may correlate with this
reduction in IL-6 levels.

Histopathological data showed CFA-induced arthritis reflected
in intense subcutaneous changes associated with granulomatous
inflammation. IPM doses of 280 and 420 mg/kg BW reduced these
features of inflammation in RA rats, including infiltration of in-
flammatory cells, hyperplasia in the synovium and disruption of
cartilage (Fig. 6). Suppression of disease progression suggests that
IPM might prevent arthritic progression by reducing joint inflam-
mation reactions and paw tissue destruction.

Our findings are consistent with previous research that reports
anti-inflammatory and anti-arthritic activities of P. major in various
pre-clinical models. Ursolic acid and oleanolic acid likely contrib-
uted to their anti-inflammatory and anti-arthritic activities. Ursolic
acid is reported as a selective inhibitor of COX-2 catalysed prosta-
glandin,16 and targets MMP-activating pathways including c-Jun N-
terminal kinase (JNK), NF-kB andmitogen-activated protein kinase/
protein kinase B (MAPK/Akt), which limits invasion by immune



Fig. 6. Histopathological features of the joints tissue with a 400 � magnification at five different fields (scale bar: 50 mm). RA animal shows infiltration of inflammatory cells
compared to the normal group. Reduction of inflammatory cells is found in group treated with IPM and diclofenac. IPM: n-hexane-insoluble fraction of dichloromethane extracts of
P. major; RA: Rheumatoid arthritis.
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cells.36 Moreover, ursolic acid induces apoptosis in synovial fibro-
blasts in RA by increasing expression of SP1 and inducing degra-
dation of Mcl-1.37 It also suppressed leukocyte migration and
prostaglandin E2 (PGE2) production in CFA-induced arthritis38 and
decreased expression of pro-inflammatory cytokines (TNF-a, IL-1b,
IL-6, IL-21 and IL-17) and oxidative stress markers (nitrotyrosine
and iNOS) in collagen-induced arthritis (CIA) in mice.39 Oleanolic
acid reduced expression and production of inflammatory media-
tors, such as cytokines andmatrix metalloproteinase (MMP)-1/3, in
ankle joint tissue and synovial fibroblasts in CIA.40 It also regulates
the process of protein synthesis and MMP-3 secretion and affects
the proteolytic activity of MMP-3 in tissues of osteoarthritic
223
articular cartilage.41
6. Conclusions

The hexane-insoluble fraction of P. major dichloromethane
extract prevents the development of arthritis in an RA rat model by
decreasing inflammatory cells and the expression of TNF-a and IL-
6. Data from this study support the need for further IPM analysis,
including intensive mechanistic studies and documented anti-
arthritic effects in other animal models.
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Appendix A. Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.jtcme.2021.07.006.
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