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Abstract 

Background and purpose: Plantago major has been applied as a herbal remedy for centuries. However, 
studies on anti-inflammatory activities and their chemical ingredients are limited. The objective of this study 
was to investigate the anti-inflammatory properties of P. major in three animal models and its phytochemical 
contents. 
Experimental approach: Dichloromethane extract (DCM) of P. major was fractionated with n-hexane to 
yield the soluble (SHF) and insoluble (IHF) fractions. The anti-inflammatory activities of DCM, SHF, and IHF 
were evaluated using rat’s paw edema induced by carrageenan, thioglycolate-induced leukocyte emigration in 
the mice, and rheumatoid arthritis (RA) induced by complete Freund’s adjuvants in rats. The chemical 
constituents were analyzed using a high-resolution mass spectrometer (HRMS).  
Findings / Results: The DCM, SHF, and IHF inhibited paw edema in the rats and reduced the leukocyte 
migration in the mice. At dose 560 mg/kg, the percentage of inhibitory was 47.33%, 55.51%, and 46.61% for 
the DCM, IHF, and SHF, respectively. In the RA animal model, IHF at 280 and 560 mg/kg reduced osteoclast 
formation and COX-2 expression compared to diclofenac. Some compounds namely oleic acid, linoleic acid, 
palmitic acid, and oleamide identified in the DCM, IHF, and SHF may be responsible for these activities. 
Conclusion and implications: This study showed that P. major has several in-vivo anti-inflammatory 
activities.  

Keywords: Anti-inflammatory; Anti-rheumatoid arthritis; Chemical compounds; HRMS; Plantago major. 

INTRODUCTION 

Identification of metabolites is critical                    
in phytochemical research. Metabolite 
identification plays an important role in a               
better understanding of plants’ chemical 
compositions and also to study the active 
metabolites which are responsible for certain 
pharmacological activities. Plantago major 
(broadleaf plantain) belongs to the 

Plantaginaceae family, a perennial plant with 
rosette leaves. For a long time, P. major has 
been distributed globally and used in society to 
cure a variety of diseases and to promote human 
health. It has been reported to be an antioxidant, 
a wound healer, antidiarrhea, antidiabetic, 
antibacterial, antiviral, and anti-inflammatory 
agent (1,2).  
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The chemical composition of the P. major 
has been studied using a variety of 
methodologies involving different extraction 
systems and instrumental identification from 
easy and rapid analysis to precise and 
sophisticated ones such as high-performance 
liquid chromatography-tandem with mass 
spectrometry (HPLC-MS/MS) or gas 
chromatography combined with MS (GC-MS). 
Jamilah et al. discovered that major compounds 
in P. major using GC-MS include organic acids 
(fumaric acid, syringic acid, vanillic acid,                 
p-hydroxybenzoic acid, ferulic acid,                       
p-coumaric acid, gentisic acid, traces of
salicylic acid, benzoic acid), phytol, and
benzofuranone (3). Bioassay-guided separation
of a dichloromethane extract performed by
Ringbom et al. resulted in the isolation of
several fatty acids including linoleic acid,                    
R-linolenic acid, myristic acid, and                     
palmitic acid (4). Several studies also                  
reported the metabolites from P. major
including phenolic compounds, iridoid
glycosides, polysaccharides, vitamins,
flavonoids, terpenoids, alkaloids, and ursolic
acid (2,5).

The important biological activities of              
P. major have been studied in several animal
models. P. major seed extract possess wound-
healing activity in the burn wound rat model
(6). P. major showed re-epithelialization and
good granulation tissue organization in
wounded tissue and an extract of 50% of
concentration was reported to be a suitable
substitute for silver sulfadiazine. In another
study, water extract of P. major leaves also has
been reported to have an anxiolytic and
hypnotic effect on elevated plus-maze test and
the sodium pentobarbital-induced hypnosis
method using Wistar rats (7). Ethanolic extract
of P. major possesses antioxidant activity on
cisplatin-induced nephrotoxicity and oxidative
stress in rats (8). P. major reduced
nephrotoxicity by reducing urea concentration,
creatinine, sodium, and potassium serum
concentration. Furthermore, a study by Hussan
et al. revealed the activity of methanol extract
of P. major enhanced innate antioxidant
activity and ameliorate acetaminophen-induced
liver injury by increasing the hepatic
glutathione and superoxide dismutase (9).

Despite the numerous biological activities of              
P. major, the detailed studies along with
investigations of chemical contents, responsible
for these activities, are limited.

The anti-inflammatory property of P. major 
has been documented in a limited number of 
studies, the majority of which were conducted 
in vitro. Zubair et al. evaluated the anti-
inflammatory of water and ethanol extract 
P. major in the oral epithelial cell lines (1). In
other reports, methanol extract of P. major
showed antioxidant and anticholinesterase
activities in vitro (10). Ursolic acid and
oleanolic acid isolated from the hexane extract
of P. major showed a significant
cyclooxygenase-2 (COX-2) inhibitor effect
(11).

No studies have been conducted to 
demonstrate the efficacy of extracts from this 
plant as an anti-inflammatory agent with 
various animal models and the correlation of its 
chemical compounds. This study aimed to 
investigate the anti-inflammatory activity of 
P. major extract and fractions in three animal
models and to determine the phytochemical
ingredients responsible for the activity
using ultra-high performance liquid
chromatography / high-resolution mass
spectrometry (UHPLC-HRMS).

MATERIALS AND METHODS 

Chemicals 
Carrageenan, indomethacin, complete 

Freund's adjuvant (CFA), diclofenac sodium, 
anti-Cox-2 antibody, N-hexane, ethyl acetate, 
dichloromethane, acetonitrile, and formic acid 
were purchased from Merck (Singapore).  

Plant collection 
The P. major plant was collected in the early 

dry season in July 2021 from the area     
of Tawangmangu, Central Java, Indonesia 
(-7.66536, 111.1349). The plant was identified, 
authenticated, and collected by PSOH (Herbal 
Research Center, Universitas Islam Indonesia) 
and the voucher of the plant specimen (Voucher 
No. BF-UII-pm-003) was deposited at the 
Biopharmaceutical Laboratory, Department of 
Pharmacy, Universitas Islam Indonesia, 
Yogyakarta, Indonesia. 
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Plant extracts and fractions preparation 
The extract and fractions were prepared 

according to our previous study (12). Briefly, 
the dried plant material (2 kg) was macerated in 
6 L of dichloromethane for 24 h and re-
macerated twice to get dichloromethane extract 
(DCM). The filtrates were evaporated using a 
rotary evaporator (Heidolph, Germany). The 
DCM (340 g) was dissolved in n-hexane to 
yield soluble (SHF) and insoluble fractions 
(IHF). This method yielded 160.2 g of SHF and 
96.1 g of IHF fractions, respectively. The 
DCM, IHF, and SHF were prepared at 140, 280, 
and 560 mg/kg, respectively, for the treatment 
of the animals. These doses were chosen 
according to the report of Rutland Biodynamics 
that the tincture of Plantago major was safe up 
to a dose of 6200 mg/kg (13). 

Experimental design 
All the animal treatments in this study 

received approval from the Medical and Health 
Research Ethics Committee of Universitas 
Islam Indonesia, Yogyakarta under the 
reference number KE/FK/0753/EC/2020. 

Carrageenan-induced paw edema test in the 
rats  

The methods were performed according to 
the previous methods with a slight modification 
(14). A week before the experiment, 60 male 
Wistar rats (25-30 g) were kept (5 in each cage) 
for acclimatization. The animals were given a 
standard commercial diet and water ad libitum 
control. The animals were gavage-treated with 
DCM, SHF, and IHF. Sodium carboxymethyl 
cellulose (Na-CMC; 0.1 mL/10 g) was given to 
the control group, while indomethacin                         
(10 mg/kg) was employed as a positive control. 
After 30 min, edema was induced in the sub-
plantar of the right hind paw by injecting 1% 
carrageenan (0.1 mL). The paw volume was 
determined with a plethysmometer (Ugo 
Basile, Italy), immediately before the 
carrageenan injection and every 30 min for the 
next 6 h. The paw edema was calculated by 
subtracting the final and starting volumes (mL). 

Thioglycolate-induced leukocytes migration 
This method was carried out following the 

previous research (15). A control group and a 
treatment group of mice were used (five mice 

per group). The DCM, SHF, IHF, and 
indomethacin were given intraperitoneally 
(i.p. 0.2 mL) to the treatment groups, while the 
solvent (DMSO-saline) was given to the control 
group. After 30 min, sterile thioglycolate was 
injected to induce leukocyte migration 
(i.p; 0.5 mL). After 4 h, the mice were 
sacrificed, and the peritoneal lavage was taken 
carefully and centrifuged for 10 min at 
1200 rpm and 4 °C to get the cell pellets. The 
cells were stained with methylene blue after 
being resuspended in 1 mL of phosphate-
buffered saline (PBS). A Neubauer chamber 
and direct microscopic counts were used to 
determine the number of cells (Assistant; 
Sondheim, Germany). 

Evaluation of anti-rheumatoid arthritis 
Arthritis was induced according to the 

previous study (16), with minor modifications. 
A control group and a treatment group of rats 
were used (five rats per group). Group I, rats 
were the normal control; group II, animals were 
the RA control group; group III, animals 
received sodium diclofenac, rats in groups IV, 
V, and VI were the group treated with IHF at 
280, 420, and 56 mg/kg, respectively. In brief, 
complete Freund’s adjuvants (0.15 mL) was 
injected into the left hind paw plantar area. On 
day 0 of the experiment, an equal volume of 
saline was injected into the plantar area of the 
right paw. Every three days until day 47, the 
volume of edema was determined with a 
plethysmometer (Italy's Ugo Basile). An 
arthritis index was used to validate the 
existence of rheumatoid arthritis (RA) after 
three weeks of daily assessments (17). The 
inflammation of the toes, footpads, and ankles 
was used to gauge the severity of arthritis. 
Based on these modifications, a maximum 
score of two was assigned to each paw. The 
arthritic index (AI) was calculated by averaging 
the cumulative values for all paws. When AI 
was greater than one, rats were considered to 
have arthritis. From days 16 to 46, the treatment 
groups were given IHF while the negative and 
positive control groups received either 
Na-CMC or Na-diclofenac.  

COX-2 staining 
The joint tissue was removed for histological 

investigation after animals were euthanized 
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with a lethal dose of ketamine. In the 
immunohistochemistry, assays were performed 
using the streptavidin-biotin-peroxidase 
method used according to the previous study 
with modifications (18). The paraffin-
embedded sections were deparaffinized, 
incubated overnight at 4 °C in a peroxidase-
blocking solution, and then incubated with an 
anti-mouse COX-2 primary antibody (1:250). 
After three times washing with PBS, the 
secondary biotinylated universal antibody (anti 
IgG; 1:200) was applied, incubated for 5 min at 
room temperature, and then a conjugated 
streptavidin peroxidase complex was added. 
The sections were stained with peroxidase 
substrate solution diethyl amino benzidine 
(DAB), and counter-stained with hematoxylin. 
Mounting media was added and sections were 
covered by deck glass for examination using a 
light microscope. COX-2 (brown color) was 
expressed in the cytoplasm of inflammatory 
cells. The expression of COX-2 was quantified 
using Image Raster and OptiLab viewer.  

Chemical constituents’ detection using 
UHPLC-HRMS  

All extracts were profiled using a Dionex™ 
Ultimate 3000 RSLC nano UHPLC coupled 
with Thermo Scientific™ Q Exactive™ 
HRMS. A total of 2 µL samples in methanol 
were injected into a phenyl hexyl 100 mm × 2.1 
mm. The analysis was performed at a flow rate
of 50 µL/min and using the gradient according
to a previous study (19). Mass detection was
performed using a heated electrospray

ionization source in positive ionization and 
negative ionization modes at full MS at 70,000 
and full width at half maximum (FWHM) 
resolution data-dependent MS2 at 17,500 full 
width at half maximum. Compound 
identification was performed by Thermo 
Scientific™ Compound Discoverer Software.  

Statistical analysis 
Data were analyzed using Graph Pad Prism 

version 9. The result of the treatment groups 
and controls were compared using a one-                    
way analysis of variance (ANOVA) followed 
by Tukey's multiple-comparison post-test. 
P-values < 0.05 was considered statistically
significant.

RESULTS 

Anti-inflammatory effect of P. major on a 
carrageenan-induced paw edema 

Rat hind paw volume over time is presented 
in Fig. 1. The DCM, SHF, IHF, and 
indomethacin significantly reduced 
the edema volume compared with the edema 
control group (P < 0.05). The percentage of the 
inflammatory activity of P. major is presented 
in Fig. 2.  

The DCM, IHF, and SHF reduced the 
volume of edema in the rats induced by 
carrageenan. In the dose of 560 mg/kg, the 
inhibitory percentage is 47.33, 55.51, and 
46.61% for DCM, IHF, and SHF, respectively, 
although the activity was less compared to the 
indomethacin (63.81%). 

 

Fig. 1. The anti-inflammatory properties of P. major in rats with carrageenan-induced paw edema. DCM, 
Dichloromethane extract of the P. major; SHF, n-hexane-soluble fraction; IHF, n-hexane-insoluble fraction. 
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Fig. 2. The inflammatory inhibition following indomethacin, DCM, IHF, and SHF treatment group (n = 5). Data are 
presented as mean ± SEM. *P < 0.05 Indicates significant differences compared with indomethacin. DCM, 
Dichloromethane extract of the P. major; SHF, n-hexane-soluble fraction; IHF, n-hexane-insoluble fraction. 

Fig. 3. The total leukocyte migration of indomethacin, 
DCM, IHF, and SHF treatment group (n = 5). Data are 
presented as mean ± SEM. *P < 0.05 Indicates significant 
differences compared to the control group; #P < 0.05 
versus indomethacin. DCM, Dichloromethane extract of 
the P. major; SHF, n-hexane-soluble fraction; IHF, n-
hexane-insoluble fraction. 

The activity of inflammation inhibition 
increased along with the dose increment. For 
example, in DCM groups, the activity was 
13.86, 25.15, and 47.33%, respectively for 
doses of 140, 280, and 560 mg/kg. In the IHF 
group, the activity was 17.84, 29.17, and 
55.51% and in the SHF group was 14.68, 22.89, 
and 46.61%, respectively for the doses of 140, 
280, and 560 mg/kg.  

Anti-inflammatory effect of P. major on 
thioglycolate-induced peritonitis 

The solvent group had a similar number of 
leukocytes to the normal group indicating that 

the solvent did not stimulate a leukocyte 
migration in the test animals. Meanwhile, 
thioglycolate injection increased the number of 
leukocytes ten folds when compared to the 
normal group showing a large migration of 
leukocytes to the peritoneal area (Fig. 3).  

Indomethacin was able to dramatically limit 
leukocyte migration. Although the efficiency of 
the IHF was much greater than that of the 
negative control group, it was still less effective 
than the indomethacin. Additionally, the higher 
the extract/fractions level, the greater the 
possibility of inhibiting the leukocyte migratory 
activity (Table 1).  

Anti-inflammatory effect of IHF of P. major 
on CFA-induced RA 

The IHF was chosen for chronic anti-
inflammation using a CFA-induced RA as the 
most active fraction of the two in-vivo anti-
inflammatory models. In this test, the doses 
used were 280, 420, and 560 mg/kg. Every four 
days until day 47, the AI was used to determine 
arthritic incidence and severity in CFA-induced 
rats. The AI scale was utilized to determine RA 
in the rats. In RA rats, the toes swelled, and the 
soles changed form. The AI on day 47 of IHF 
for doses of 280, 420, and 560 mg/kg were 1.50 
± 0.15, 1.42 ± 0.13, and 0.93± 0.06, 
respectively, and the AI of diclofenac was   
1.22 ± 0.12. (Fig. 4). 
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Table 1. The reduction of leukocyte migration in thioglycolate-induced mice with DCM, IHF and SHF P. major. 
Group of treatment Percentage of leukocyte migration 
Normal 10.88 ± 0.09* 
Control 100.00 
Indomethacin 15.18 ± 1.08* 
DCM 140 mg/kg 49.59 ± 1.07*# 
DCM 280 mg/kg 28.16 ± 1.01*# 
DCM 560 mg/kg 16.39 ± 0.06* 
IHF 140 mg/kg  57.02 ± 1.24*# 
IHF 280 mg/kg  32.43 ± 0.07*# 
IHF 560 mg/kg  20.57 ± 0.99*# 
SHF 140 mg/kg 59.29 ± 0.02*# 
SHF 280 mg/kg 43.10 ± 0.05*# 
SHF 560 mg/kg 29.24 ± 1.23*# 
The number of leukocyte migrations in the DMSO-saline treated group was set as 100% upon the induction of thioglycollate. The mice (5 per group) 
were pre-treated (i.p.) for 30 min with the indomethacin (10 mg/kg). DCM, Dichloromethane extract of P. major; SHF, n-hexane-soluble fraction; 
IHF, n-hexane-insoluble fractions; or solvent (DMSO-saline) before being stimulated with thioglycollate (i.p.). Data are presented as mean ± SEM, 
n = 5. *P < 0.05 indicates significant differences in comparison with rheumatoid arthritis control animal; #P < 0.05 versus indomethacin. 

Fig. 4. The Arthritic index of treated groups (n = 5) on days 16 and 47. Data are presented as means ± SEM. *P < 0.05 
indicates significant differences in comparison with rheumatoid arthritis control; #P < 0.05 versus sodium diclofenac. 
DCM, Dichloromethane extract of P. major; SHF, n-hexane-soluble fraction; IHF, n-hexane-insoluble fraction. 

The histopathological data showed the 
potency of the IHF to suppress the course of RA 
in the left leg of the rats induced with CFA. The 
evaluation was accomplished by observing the 
histopathology by accessing the osteoclast 
formation, the inflammatory cells, and the 
COX-2 expression (Fig. 5). IHF at 280, 420, 
and 560 mg/kg decreased inflammatory                
cell infiltration and osteoclast formation in                
RA rats (Table 2).   

The negative control group exhibited higher 
inflammatory cells and COX-2 expression. 
These findings demonstrated that CFA 
induction is effective at inducing RA. The 
observation of Na-diclofenac and treatment 
with IHF revealed the non-existence and 
existence of the osteoclasts in numerous visual 
fields. IHF at 420 and 560 mg/kg lowered 
osteoclast formation and COX-2 expressions 
compared to RA control and diclofenac. 

Table 2. Comparison of the osteoclast formation, inflammatory cells, and COX-2 expression on CFA-induced RA 
animals on day 47. 
Group of treatment Osteoclast formation (%) Inflammatory cells COX-2 expression 
Normal 0 7.4 ± 1.12* 7.8 ± 0.58* 
Rheumatoid arthritis control 100 378.6 ± 3.91 71.4 ± 1.60 
Diclofenac 22.22 ± 0.55* 330.0 ± 7.87 * 60.6 ± 1.57* 
IHF 140 mg/kg 22.22 ± 0.55* 332.6 ± 3.53* 36.2 ± 2.20*# 
IHF 280 mg/kg 11.11 ± 0.55*# 316.4 ± 5.82 * 30.20 ± 1.93*# 
IHF 560 mg/kg 11.11 ± 0.55*# 313.6 ± 3.12 * 22.0 ± 1.14*# 
Data are presented as mean ± SEM, n = 5. *P < 0.05 indicates significant differences in comparison with rheumatoid arthritis control; #P < 0.05 
versus sodium diclofenac. IHF, n-Hexane-insoluble fraction. 
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Fig. 5. Histopathological characteristics of joint tissue were magnified 400 times in five separate fields (scale bar: 50 
µm). Representative images of cyclooxygenase 2-expressing cells (dark brown stained) in the paw edema. RA, 
Rheumatoid arthritis; IHF, n-hexane-insoluble fraction. 

Fig. 6. Total ion chromatograms UHPLC-HRMS (PI) profiles of dichloromethane extract of (a) the P. major; (b) 
insoluble-hexane fraction, and (c) soluble-hexane fraction at retention time 6-32 min. UHPLC-HRMS, Ultra-high 
performance liquid chromatography / high-resolution mass spectrometry. 

UHPLC-HRMS of DCM, IHF, and SHF 
The metabolites of extract (DCM) and two 

fractions (IHF and SHF) were analyzed using a 

UPLC-HRMS in the positive and negative 
ionization (Fig. 6). Metabolites detected in the 
sample were presented in Table 3. 
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DISCUSSIONS 
Inflammation plays a critical role in the 

progression of several diseases (immune-
mediated inflammatory disease), including 
atherosclerosis, asthma, diabetes, hepatitis, RA, 
and gout arthritis, as well as central nervous 
system diseases like Alzheimer's (20). The 
discovery of anti-inflammatory substances in 
natural products, particularly medicinal plants, 
remains difficult and lead to more advanced 
research. Many plant extracts with a 
prophylactic or therapeutic efficacy have been 
developed into pharmaceutical forms. 
However, the evidence-based research on 
plants and their correlation with active 
compounds responsible for their biological 
activities is limited.  An earlier investigation 
(21) showed that methanol extract of P. major
had anti-inflammatory activity on carrageenan-
induced rat paw edema and hepatoprotective
effect on CCl4-induced hepatotoxicity in rats.

We assessed the anti-inflammatory 
properties of P. major using three animal 
models of inflammation: carrageenan-induced 
paw edema in rats and thioglycolate-induced 
peritonitis in mice. The IHF fractions in the two 
models were then chosen to be analyzed using 
the chronic inflammation model, a Freund’s 
complete adjuvant-induced RA in rats. 

In the carrageenan-induced paw edema 
model, the extract and fractions of P. major 
reduced the volume of edema in a dose-
dependent manner although the activity was 
less compared to the indomethacin. In the 
leukocyte migration model, the DCM at 
560 mg/kg had the highest activity to reduce 
leukocyte migration (activity order DCM > IHF 
> SHF). Leukocyte migration from the blood to
tissue is a critical phase in the inflammatory
process. It is driven by a variety of chemokines
and cytokines and allows effector cells such as
neutrophils, monocytes, and T cells to enter the
regions of infection, damage, and stress (22).
Controlling the leukocyte migration via
molecular pathways is one of the prospective
therapeutic strategies in the treatment of
inflammation and inflammation-mediated
illnesses. Thioglycolate is an oxygen-depleting
chemical that has been shown to attract
neutrophils to the peritoneal cavity. Numerous
chemokines, including CXCL1, CXCL2, and
CXCL8, are involved in this process (23).
P. major may be examined further for its efficacy
against leukocyte migration-related diseases such
as arteriosclerosis, RA, angiogenesis, and
inflammatory heart disease.
According to the histopathological results, the
administration of IHF is comparable with
diclofenac which inhibits osteoclast
development in the RA model. Diclofenac

Table 3. The compounds detected in Plantago major. 

Metabolite name Formula Retention 
time (min) 

Observed 
m/z 

Theoretical 
m/z 

Δ mass 
(ppm)  

Expression found in 
DCM IHF SHF 

Ostruthin C19H22O3 15.58 298.1593 298.1574 6.2283 + + +
Erucamide C22H43NO 23.84 337.3352 337.3350 0.5217 + + +
cis-7-Hexadecenoic 
acid C16H30O2 19.78 254.2245 254.2251 2.4742 + + +

Oleic acid C18H34O2 21.58 282.2551 282.2564 4.5668 + + +
Vitamin E acetate C31H52O3 25.09 473.3998 473.3989 1.8124 + + +
Palmitoleic acid C16 H30O2 19.76 254.2250 254.2251 0.4288 − − +
Linoleic acid C18 H3 O2 20.77 280.2394 280.2408 4.9208 + − -
Ethyl palmitoleate C18 H34O2 21.61 283.2640 283.2632 2.9054 + + +
9(Z),11(E)-Conjugated 
linoleic acid C18H3O2 20.77 280.2395 280.2408 4.4926 − + + 

trans-3-Indole acrylic 
acid C11H9NO2 8.96 187.0640 187.0639 0.6041 − + + 

Hexadecanamide C16H33NO 19.02 255.2568 255.2557 4.2859 + + +
Palmitic acid C16H32O2 11.98 256.2394 256.2397 1.1396 + + +
L-Phenylalanine C9H11NO2 8.50 165.0796 165.0784 7.2087 + + +
DL-Tryptophan C11H12N2O2 8.95 205.0978 205.0972 3.1985 + − − 
Oleamide C18H35NO 19.87 282. 2798 282.2791 3.1985 + + +
2,5-di-tert-
Butylhydroquinone C14H22O2 13.92 221.1534 221.1547 5.8466 + + +

DCM, Dichloromethane extract; IHF, hexane-insoluble fraction; SHF, hexane-soluble fraction of P. major; +, detected in the sample; −,  not detected 
in the sample. 
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sodium is a selective inhibitor of receptor 
activator of nuclear factor kappaB (RANK), a 
protein involved in the process of osteoclast 
genesis and protection against inflammatory 
damage in collagen-induced arthritic rats. The 
study showed that IHF may slow the 
progression of arthritis by minimizing joint and 
paw tissue damage. RA is characterized by 
cartilage deterioration caused by inflammation, 
which is controlled by a complement, the 
breakdown of the extracellular matrix, and the 
production of the pannus (24). Chronic 
inflammation results in synovial membrane 
thickness, hypertrophy, restriction of blood 
flow, necrosis of the cells, and persistent 
inflammation. Pannus formation is characterized 
by a granular synovium thickening. Pannus 
spreads to the synovium, causing inflammation 
and the production of scar tissue, which results in 
joint injury and deformity (25). Additionally, IHF 
therapy reduced COX-2 expression, although the 

activity was smaller than that of diclofenac. 
COX-2 is the enzyme that generates pro-
inflammatory and anti-inflammatory lipid 
mediators from ω-3 and ω-6 fatty acids, which 
are largely responsible for inflammation (26). 
COX catalyzes the initial step in the synthesis 
of prostanoids, a wide family of arachidonic 
acid metabolites that include prostaglandins, 
prostacyclin, and thromboxane, and is a major 
target of nonsteroidal anti-inflammatory drugs. 
This finding was in agreement with prior 
research (4,11) which showed that P. major is a 
selective COX-2 inhibitor.  

Metabolite compounds detected in the DCM, 
IHF, and SHF are similar except for palmitic acid, 
conjugated linoleic acid, indole acrylic acid, and 
DL-tryptophan. P. major also contains chain fatty
acids such as cis-7-hexadecenoic acid, oleic acid,
linoleic acid, and amides such as erucamide and
oleamide (Fig. 7).
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Fig. 7. Chemical structures of compounds detected in P. major with UHPLC-HRMS. A, Ostruthin; b, erucamide; c, cis-7-
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This finding is comparable to that of 
Ringbom et al. reporting that the separation of 
DCM extract from the P. major resulted in the 
isolation of the following fatty acids: linoleic 
acid, R-linolenic acid, myristic acid, and 
palmitic acid (4). Ostruthin (6-geranyl-7-
hydroxycoumarin) is previously reported to be 
found in the Peucedanum ostruthium, 
Peucedanum decursivum (27), and Flacourtia 
jangomas (28), but never been reported in P. 
major. It inhibits serum-induced vascular 
smooth muscle cell proliferation in the rat aorta 
(27). In another study, ostruthin has been 
reported to be active against the Mycobacterium 
sp. (29).  

Plantago lanceolata, Plantago ovata, 
Plantago media, and Plantago major (4,30) 
have been previously reported to contain fatty 
acids including palmitic, oleic, linoleic, and 
palmitoleic acids. Palmitoleic acid enhances 
insulin sensitivity and reduces hepatic 
inflammation in rats via mechanisms that do not 
require peroxisome proliferator-activated 
receptor gamma (PPARγ) (31). Activation of 
the PPARγ inhibits activation of nuclear factor 
(NF) κB hence, reducing pro-inflammatory 
gene expression and cytokine production, such 
as tumor necrosis factor alpha (TNF-α) and 
interleukin (IL)-12 (32). Furthermore, oleic and 
linoleic acids have been shown to alleviate 
inflammation in rat macrophages by 
modulating the production of inflammatory 
mediators such as IL-6, IL-1, and cytokine-
induced neutrophil chemoattractant-2αβ (33). 
The DCM, IHF, and SHF inhibited leukocyte 
migration in the thioglycolate-induced 
peritonitis model. This is in line with a previous 
study that examined the activity of oleic acid in 
the peritoneal lavage fluid of sepsis-suffering 
mice. Oleic acid increased the anti-
inflammatory cytokine IL-10 levels and 
decreased pro-inflammatory cytokines TNF-α 
and IL-1β (34). Similarly, oleic acid inhibited 
cell migration induced by the 
lipopolysaccharide in isolated human 
neutrophils (35). In the RA animal model 
induced by a CFA, the IHF decreased the 
arthritis incident and COX-2 expression. This 
action may be correlated with the activity of the 
oleic and linoleic acids as COX-2 inhibitors as 
described by the previous study (4,36). 

An interesting finding in this study was the 
detection of erucamide, oleamide, and 
hexadecanamide in the DCM, IHF, and SHF. 
These compounds have never been reported 
before from P. major extracts. Erucamide is the 
amide of erucic acid, capable of stimulating the 
growth of blood vessels (37). Oleamide reduced 
lipopolysaccharide-induced nitric oxide and 
prostaglandin E2 synthesis, as well as an 
inducible isoform of nitric oxide synthases and 
COX-2 expression in BV2 murine microglial 
cells (38). Hexadecanamide reduces edema and 
inflammatory hyperalgesia by inhibiting mast 
cell activation and reducing formalin-induced 
nociception in animals (39). Our findings 
support the prior research reporting that P. 
major has anti-inflammatory effects in a variety 
of preclinical animals. The chemical 
constituents detected in DCM, IHF, and SHF 
supported the activity of the P. major and the 
future development of the P. major as an anti-
inflammatory agent.  

CONCLUSION 

This investigation established that P. major 
possesses anti-inflammatory properties. The 
DCM extract, IHF, and SHF fractions possess 
anti-inflammatory activity with a hexane-
insoluble fraction being the most active part. 
The chemical compounds were detected with a 
UHPLC-HRMS including oleic acid, palmitic 
acid, palmitoleic acid, and linoleic acid may be 
contributed to the anti-inflammatory properties. 
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