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ABSTRACT
Background: Rosmarinus officinalis L. (family Lamiaceae is a perennial herb or small woody 
evergreen tree, commonly known as rosemary, which is native to the Mediterranean and 
Asia and reasonably hardy in cool climates. It has been used as a decoction in traditional 
Unani and Swedish medicine for the treatment of inflammatory diseases. Aim: To isolate 
rosmarinic acid (RA) from R. officinalis. leaf extract and to evaluate its protective effects 
against Freund’s adjuvant-induced arthritis in rats. Materials and Methods: Arthritis 
was induced via sub-plantar injection of 1mg heat-killed Mycobacterium tuberculosis 
(complete Freund’s adjuvant, CFA) into the left hind paw of rats. The experiment 
was designed and optimized based on published methods. Results: At 60 mg/kg, the 
RA fraction of the methanolic extract of R. officinalis L. exerted potentially effective 
anti-arthritic effects by controlling inflammation in an adjuvant-induced experimental 
model. Conclusion: Considering experimental findings relating to pharmacological and 
biochemical parameters, we conclude that oral administration of the RA fraction (30 and 
60 mg/kg) from the methanolic extract of R. officinalis L. exerts anti-arthritic effects 
and controls inflammation in an adjuvant-induced arthritis rat model. RA is therefore a 
promising plant-derived anti-arthritic agent for the treatment of inflammatory disorders.
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INTRODUCTION
Rheumatoid join pain is a musculoskeletal 
disorder (MSD) long-experienced by 
Homo sapiens.1 It is notable amongst 
common inflammatory conditions and 
is described by the changes in synovial 
linings of  diarthrodial joints, which 
prompts forceful ligament movement and 
dynamic hard frictions if  remain untreated, 
rheumatoid joint inflammation regularly 
prompts dynamic joint demolition.2 It 
is a provocative condition that occurs 
regularly in middle age, (40-50) and 50% 
of  patients endure the condition with 
irregularities in daily working due to the 
persistent aggravation of  peripheral joints.3 

The chronic nature of  the disease means 

that many older patients require an analgesic 
treatment regimen. Drugs currently available 
for the treatment of  rheumatoid arthritis 
include immunosuppressant and anti-
inflammatory therapies, such as methotrexate 
and diclofenac sodium with severe side 
effects and demage. Herbal drugs present 
advantages over allopathic medications and 
should be considered in the treatment of  
arthritis.4 A number of  herbal plants have 
previously been found to be effective in 
preclinical rodent models of  arthritis.4,5 
Such activities are related to the presence of  
various chemical constituents in plants.
The present study aimed to isolate the main 
active constituent (rosmarinic acid; RA) 
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from Rosmarinus officinalis L. and evaluate its activity 
against rheumatoid arthritis in rats. The other main 
constituents present in R.iofficinalisiL. are 1,8-cineole, 
alpha pinene, camphor, borneol, camphene, limonene, 
linalool, terpineol, verbenol, apigenin, diosmeti, diosmin, 
oleanolic acid, and ursolic acid.6,7 The efficacy of  some 
of  these agents in the treatment of  arthritis has been 
shown previously; this study was designed to evaluate the 
effect of  RA, an anti-inflammatory agent, against arthritis. 
Novel medications, such as tumor necrosis factor (TNF) 
inhibitors and other new drugs, may be beneficial for the 
treatment of  patients with rheumatoid arthritis. TNF-α 
level in CFA-treated rats were also determined by authors 
to access TNF-α level inhibition or modulation. This 
study were aimed to provide a better cure in patients of  
Rheumatoid arthritis and help researchers to explore its 
molecular mechanism in clinical studies

MATERIALS AND METHODS
Drugs and chemicals

Methotrexate was obtained as an API sample (B.iNo. 
MT 45612) from Sun Pharmaceuticals Pvt. Ltd., (H. P), 
India. Fluid adjuvant (CFA) (SLBK1731V) and RA 
(97.9%, RMA1478N) were obtainedi fromi Sigma- Aldrichi 
Chemicali Co.i(StiLouis,iMO,iUSA).i Differenti enzymesi 
diagnostic kits like Aspartate transaminase (AST), alanine 
transaminase (ALT), and alkaline phosphatase (ALP) were 
purchased from Qingdao Hihealth Medical Technology 
Co., Ltd. China.iAny other chemicals and solvents utilized 
were of  analytical grade.

Animals

Experiments were performed using healthy (6-8 weeks) 
Wistar rats of  both sexes. The animals were housed in 
polypropylene pens. Paddy husk was given as bedding 
material and was changed every day. The cages were 
maintained neat and clean.iSix rats were kept in each 
cage and were given a standard pellet diet and water ad 
libitum. Rats were kept in an inside and out ventilated 
room, under 12 hr light-dark cycles. Room temperature 
was maintained up ati22–24°C. All protocols were 
confirmed and performed as per animal ethical guidelines 
for experimentation on animals (IEC/2018/05).

Collection and authentication of plant material

R. officinalis L. leaves were gathered between November 
and December, 2019, frozen and freeze-dried from an 
herbal garden of  Shandong, China (36.6192686689454, 
117.47036191534195), in the month of  July 2019. The 
plant material was identified, authenticated and kept for 
specifications (V. no. Consult/2019/2424-09).

Preparation of R. officinalis L. extract

Air-dried powdered R. officinalis L. leaves (500 g) were 
extracted using methanol. After extraction, excess 
methanol was removed using a rotary evaporator, 
the extract was preserved in an airtight container and 
refrigerated. The extract was used to estimate total 
polyphenol, flavonoid and RA contents.

Chemical characterization

Phytochemical screening of the methanolic extract of 
R. officinalis (MERO) 

Phytochemical in plant extracts were screened using the 
methods described by Kokate et al.8 and is listed in Table 1.

Total phenol content ditermination

Total phenolic contents of  extract from R. officinalis were 
determined using the Folin-Ciocalteu method.9 The 
absorbance was measured using a double-beam ultraviolet/
visible (UV/Vis) spectrophotometer (EI model no. 5772, 
Shumadzu, Japan) and compared to that of  the blank. 
The total phenol content (as pyrogallol equivalents) was 
calculated from the calibration curve.

Total flavonoid content determination

An aluminum chloride colorimetric method was used to 
estimate the flavonoids content.10 An aliquot of  the RA  
portion i(0.5imL)iwasi mixed withi1.5 mL methanol,  
0.1imL 10% aluminumi chloride,I0.1imL 1iM potassium 
acetic acididerivationiandi2.8imL distilled water. The 
response continued at 25°C (room temperature) for 30 
min and the absorbance was subsequently estimated at 
415inm. A calibration curve was plotted subsequent 
to estimating the absorbance of  quercetin standard 
solutions at concentrations ranging from 10 to 70 
ppm in methanol. Flavonoids were measured from the 
quercetin standard curve.11

Extraction and isolation of RA

A 5mg sample of  extract was washed with 80 mL 
n-hexane for 10 h to remove fat content and refluxed 

Table 1: Phytochemical Screening of RA.
S.no. Test Presenti(+)i/iAbsenti(-)

1. Alkaloids +

2. Flavonoids +

3. Tannins and Phenolic 
compounds

+

4. Glycosides +

5. Steroids +

6. Carbohydrates -

7. Protiens -
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with 1:1, H2O: ethanol twice for 10 h. The sample 
was then extracted and isolated as per method used 
by Akoury et al.12 with slight modifications. A high yield 
(88%) of  aqueous RA extract was obtained via 
Soxhlet extraction under optimal conditions.
Identification of RA

Preparation of stock solution

Ten milligramsi of  RAi (standardianditest) iwere mixed 
with 5 mLi dimethyl sulfoxidei (DMSO) diluted with 
20 mL methanol andiseparated through Whatman filter 
paper to obtain a 500 μg/mL RA solution.

Thin layerichromatography (TLC)I high performance 
liquid chromatographyi (HPLC), andi infrared 
spectroscopyi (IR)iof theiRAifraction

The TLC method, described in the VIII Portuguese 
Pharmacopeia, was employed, with slight modifications. 
Briefly, separation wasi performed using commercially 
produced silica gel chromatographic plates (60G F254, 
0.25mm) and the mobile phases used included formic 
acid, acetone and dichloromethane (8,5:25:85 v/v). The 
retention factor (Rf)iof  the sample was compared with 
that of  the reference standard. The spots were visualized  
under UV light at a wavelength of  365 nm. Lyophilized 
samples and the RA standard were analyzed individually 
via infrared spectroscopy (IR, SPECTRUMTM FT-IR/
FT-FIR 400, Perkin Elmer and Waltham, MA, USA) in 
the range 4000-450 cm-1. HPLC characterization was 
done by following method described by Candelas and 
Costa,13 with adaptations. A Waters e2695 instrument 
was used, with a 2998 pulsed am perometric detector 
(PAD), Knauer, Berlin. The mobile phases included 
30% acetonitrile (A) and 70% water/acetonitrile/
formic acid (97.0:2.5:0.5 v/v, B). A Waters X-Terra RP-18 
column was used for separation (5 μm, 250 × 4.6 mm, 
at 25°C). The flow rate was maintained at 0.5 mL/min 
and a wavelength of  329 nm was used for detection. 
Chromato graphic peaks corresponding to RA were 
identified by matching retention times and UV absorbance 
with standard.

Identification of RA

The melting point was resolved using a computerized 
dissolving point mechanical assembly (Microteknik, India). 
Spectral data from the selected extract portions acquired 
by means of  IR were assessed as previously described. 
HPLC was performed utilizing a C18 column (250 × 4.6 mm, 
5 μm) and mobile phase comprised of  methanol and 
phosphate. The sample was run along with mobile phase 
for 0–25 min, methanol 40–48%; and 20–45 min., methanol 
64–82%. The column temperature was maintained at 

40°C, the flow rate was 1.0 mL/min and the recognition 
wavelength was 338 nm.6,13

Acute toxicity study 

Acute oral toxicity was assessed by the Organization for 
Economic Cooperation and Development guidelines 
(OECD-423).iIn this study, three wistar rats weighingi 
(180-200 g) were utilized,I andi wereifastedi overnighti 
and provided withiwater. The mice received 5 mg/
kg of  RA orally (p.o.). The administered dose was 
considered poisonous if  mortality was observed in a 2 
mice. If  treatment was thought to lead to the death of  
an animal, at that point an experiment was repeated at 
the same dose to affirm poisonous quality. If  no deaths 
were observed, a similar strategy was repeated with 
higher doses, for example, 50, 300 and 2000 mg/kg body 
weight and adverse events, including mortality or changes 
in behavior, body weight and toxicity were recorded 
(OECD-423, 2001) (Table 4).14

Freund’s adjuvant-induced arthritis

Jointi inflammationiwasi inducediini ratsibyi sub-plantari 
infusion of  1 mg heat killed M. tuberculosisi(CFA) into 
the left paw at day 0.14 days after immunization, the rats 
were split into five groups (n=6 per group) based on 
the severity of  joint pain, with the aim that rats in each 
group demonstrated the same severity toward the start 
of  treatment. Groups were as follows: rats in group I 
(vehicle-treated group) received 1mL saline solution, 
rats in group II (negative control) received 0.1 mL CFA and 
no drug treatment, rats in group III were administered 
methotrexate (1mg/kg, weekly intraperitoneally 
injection, i.p.) and rats in groups IV and V were orally  
administered 30 and 60 mg/kg RA, respectively, from 
day 14 to 35. Paw volume was measured on days 0, 7, 
14, 21, 28 and 35 using a plethysmometer. On day 36, 
animals were sacrificed via cervical dislocationi and 
blood samples were collected via heart puncture.iSerum 
was isolated via centrifugation and used to estimate 
levels of  marker enzymes such as AST, ALT and ALP 
using commercially available kits. TNF-α levels were 
estimated via capture enzyme-linked immunosorbent 
assay (ELISA). Further more, hind paw samples were 
subjected to histopathological analysis.15-17 The results 
were expressed as changes in paw volume (mL)I 
according to the following formula.

Volume of  edema = paw volume final − paw volume intial

Evaluation parameters

i.	 Muscle rigidity: Muscle inflexibility and joint grip 
action were resolved utilizing rotarod apparatus. All 
rats underwent two initial instructional trainings of  
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300 sec. After the initial trials. The time each rat 
stayed on the rotarod was recorded.18

ii.	 Hypolocomotion: Locomotor action was 
estimated utilizing an actophotometer as indicated 
by the technique described by Bishnoi et al.19,20 

iii.	 Body weight changes: Thei bodyiweightsi of  rats 
wereirecorded prior to thei startiof  thei experiment 
and consistently before the behavior evaluation or the 
last day of  the trial.

Biochemical measurements

i.	 Serum parameters (AST, ALT and ALP)
	 Blood samples were collected via heart puncture 

on day 36 and serum was isolated via centrifugation. 
Enzyme levels were measured using diagnostic kits 
and a spectrophotometer.

ii.	 Hematological parameters (hemoglobin, Hb; 
erythrocyte sedimentation rate, ESR)

	 Hb was measured in serum as described by Ramesh 
et al.21 and ESR was assessed in blood as described 
by Winthrobe.22

Statistical analysis
All values were expressed as means ± standard error of  
the mean (SEM).iData were analyzed one way (ANOVA) 
followed by Dunnett’s correlation tests and other data 
were assessed utilizing Graph iPad PRISM Version 7.

RESULTS
Phytochemical profile of methanolic extracts andi 
isolated RA

The obtained methanolic extracts were semisolid, had 
light brownish masses (yield-4.76/100gm of  powdered 
leaves) and contained alkaloids, flavonoids, glycosides, 
steroids, tannins and phenols (Table 1). R. officinalis L. 
presented the highest phenolic content (2.17±0.58 
pyrogallol equivalent L-1) and the total flavonoid content 
was 0.96±0.84 quercetin equivalents L-1. The isolated 
RA powder had a yield of  2.15%.

Isolation and structural identificationiof RA

The melting points of  the separated RA fraction were 
compared with those of  a range of  RA standards (171–
175°C). The Rf value of  the RA fraction RA1 was 0.17, 
identical to that of  standard RA, in a mobile phase of  
benzene/pyridine/formic corrosive (36:9:5, BPF). The 
UV spectrum of  the isolated RA fraction was 338nm. 
The IR range of  the RA sample from R. officinalis 
demonstrated strong bands at 3351, 1632, 1498 and 
1452 cm−1, suggesting the nearness of  hydrogen OH 
extending, chelated carbonyl C=O, (C=C at 1608 cm−1) 

extending and aromatic ringifunctionalitiesi(sweet-odor), 
as observed in standard RA (Figure 1 and 2).

Effectiof the methanolic extract of RA on CFA-induced 
arthritis in rats

Joint inflammation in rats was assessed utilizing a 
plethysmograph. Paw volume, recorded as an intermediary 
for inflammation, was 0.3 ± 0.08 mL in the vehicle-
treated group (I). Rats in the CFA-treated group (group II) 
demonstrated a non-significant change in paw volume 
on day 0, which then increased each week in response 
to CFA treatment, compared with group I. Rats treated 
with methotrexate (1mg/kg,ii.p.) also demonstrated a 
non significant increasei inipaw volume compared with 
untreatediratsionidayi0 (0.29 ± 0.12 mL), which then 

Figure 1: Structure of Rosmarinic Acid.

Figure 2: HPTLC chromatogram of standard rosmarinic acid 
(above) and HPTLC chromatogram of extract. Where marked 

peak (3) were matched with standard rosmarinic acid.
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increased (p<0.05) on day 7 and after the start of  treatment 
on day 14(p<0.01). There was marked reduction (p<0.05) 
on days 21, 28 and 35 compared with the effect on ligaments 
in CFA-treated (group II) rats around the same time, 
although treatment with RA (group IV, 30 mg/kg, p.o.) 
caused a small decrease on days 28 and 35. Treatment 
with 60 mg/kg (i.p.) RA caused a notable change in joint 
movement (p<0.01) from day14 to 35 of  the experiment, 
in contrast to that in the negative control group (group 
II). From the beginning of  the investigation to day 35, 
the arthritic index was determined based on various 
observations and the arthritic index was determined 
as the total value of  scores recorded for every rat  
(Figure 3).

Effect of RAioniCFA-induced muscle rigidity in rats

Muscleirigidityiwasievaluated in rats using a rotarod 
apparatus. Weekly observations revealed that animals in 
the vehicle-treated control group (groupiI) remained on 
the rotarod for 120.9–122.7 seconds before falling. Animals 
in the CFA-treated group (groupiII) showed a non-
significant difference in muscle rigidity on day 0, which 
then significantly decreased (p<0.01) weekly compared 
with that in group I. The rotarod readings, which indicated 
joint rigidity, decreased continuously from day 7 to 35 
compared with animals in the control group. Animals 
treatediwithimethotrexate (1mg/kg, i.p., starting on 
day 14) showed a significant increase in muscle activity 
from day 21 to 35 compared with those in thei CFA-
treated (groupiII) oni theisameiday. Treatment with RA  
(group IV, 30 mg/kg,ip.o.)Isignificantly increased 
i(p<0.01) muscle activity from day 28 to 35. Animals treated 
with 60 mg/kg (i.p.) RA showed earlier improvements 
in muscle activity on days 21, 28 and 35 compared with 
those in the negative control group (group II; Figure 4).

Effect of RA on CFA-induced hypolocomotion in rats

Locomotor action in rats was assessed utilizing an 
actophotometer. In the vehicle-treated control rats 
(I), this movement was 75–76 counts per 5 min. CFA-
treated rats in group II demonstrated a non-significant 

difference in movement on day 0 (75.6± 4.82 counts per 
5 min), which diminished altogether (p<0.01), consistent 
with that in the control group. Locomotor action in group 
II continued to increase on day 14, The movement 
increased markedly on day 35 compared with the control 
group (group I). Rats treated with RA (60 mg/kg, i.p., 
group V) presented a significant (p<0.01) difference in 
locomotor movement from days 21 to 35 compared with 
those in the negative control group (group II; Figure 5).

Effect of RA on body weight

Mean body weight was found increased (p<0.01) in 
CFA-treated rats (gather II) as compared with rats in the 
control group (group I). Methotrexate treatment (1mg/
kg) and RA treatment (30 and 60 mg/kg) both caused 
a significant reduction (p<0.05) when compared with 
CFA treatment (group II). Treatment with 60 mg/kg RA 
resulted in either a small or no change in body weight 
compared with the control group (Group I) (Table 2).

Figure 3: Effectiof RAioniCFAiinducediArthritisiiniRats.
Figure 4: Effecti of  RAioniCFAi induced muscle irigidity iin 
irats. All values are expressed as Mean ±SEM, (n = 6) and 
a- significant difference compared to Control, ***P< 0.001, 
**P<0.01, *P<0.05, significant difference compared to CFA 

when###P< 0.001, ##P<0.01, #P<0.05 (one-way ANOVA, followed 
by Dunnet test.

Figure 5: Effect  of RA on CFA induced hypolocomotion in rat. 
all values are expressed as Mean ±SEM, (n = 6) and  

a- significant difference compared to Control, ***P < 0.001, 
**P<0.01, *P<0.05, significant difference compared to CFA 

when###P < 0.001, ##P<0.01, #P<0.05 (one-way ANOVA, followed 
by Dunnet test.
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Effect of RA on serum parameters in rats with CFA-
induced arthritisi

ALT, AST, and ALP levels in blood serum from rats of  
the control and trial groups are shown in Figure 5. These 
levels were higher in rats in the CFA group (II) compared 
with those in the control rats. Methotrexate treated rats 
demonstrated a marked decrease in ALT,  AST and ALP  
levels on day 35 compared with CFA-treated rats (group II). 
The increased enzyme levels diminished after treatment 
with RA in a dose-dependent manner compared with 
CFA (group II; Figure 6). 

Effect of RA on serum TNF-α levels in rats with CFA-
induced arthritis

All CFA-treated rats demonstrated increased serum levels 
of  TNF-α (Table 3). RA-treated rats demonstrated a 
significant and dose-dependent decrease in serum TNF-α 
levels compared with the control group. Nonetheless, 
standard-treated rats presented an increase (>2-fold) in 
serum TNF-α level (Table 3).

Effectiof RAionibloodiparametersiiniratsiwithiCFA-induced 
arthritis

Hematological evaluations demonstrated an increase 
in ESR and reduction in hemoglobin (Hb) content in 
CFA-treated rats (group II) compared with theicontroli 
groupi(groupiI) rats. Ratsi treated with methotrexate 
(1 mg/kg) demonstrated notable changes in ESR and 
Hb content compared with those in the control group; 
however, large changes were observed (p<0.01) when 
compared with CFA-treated (amass II) rats. RA (30mg/
kg) resulted in a large change (p<0.01) in ESR and Hb 
content compared with the control group and treatment 
with 60mg/kg resulted in critical changes (p<0.05) in 
ESR and Hb content on day 35 compared with the 
control and CFA-treated groups (Figure 7).

Observations

The following changes occurred in rats subjected to 
CFA-induced arthritis (0.1 mL CFA administration for 
14 days). Changes were observed for the first 7 days 
before treatment was initiated on day 14. Treatment was 
continued until day 35 and changes were observed.

Paw volume changes recorded as plethysmograph 
readings in mL

1- In the control group, saline was administered orally 
and caused no significant changes in paw volume. No 
symptoms of  rheumatoid arthritis were noted.

Table 2: Effect of RA on Body weight changes in rats.
Groups Control 

(Saline)
Negative Control 

(CFA)
Standard 

(Methotrexate)
RA (30 mg/kg) RA (60 mg/kg)

Mean Body 
Weight 

(gm)

Before 
(On 0th Day)

121.34 ± 1.98 124.23 ± 2.12** 122.45 ± 2.35**ns 121.67 ± 3.17**ns 126.34 ± 2.85**#

After (On 35th 
Day)

125.23 ±0.87 182.1 ± 3.17** 161.3 ± 2.15** 161.3 ± 2.15** 147.4 ± 1.94**ns

Mean difference in Body 
weight (gm)

3.89±1.11 57.8 ± 1.05** 19.85 ± 1.03*ns 39.63 ±1.02*ns 21.6 ± 1.91ns

*ip<0.05,i**p<0.01,i***p<0.001iasicompareditoiVehicleitreatedicontroligroupi(GroupiI)ionitheirespectiveiweek.
#p<0.05,i##p<0.01,i###p<0.001iasicompareditoiCFAitreatedinegativeicontroligroupi(GroupiII)ionitheirespectiveiweek
NS:iNon-significant.

Table 3: Effect of RA On in rats TNF α level and 
change in Arthritic Index.

Groups TNF α
(pg/ml of serum)

Arthritic 
Index

Control (Normal Saline) 30.45±0.78 --------
CFA (Negative control) 182.54±2.54 2.80
Methotrexate(1mg/kg) 

[Standard]
67.31±3.76*## 0.60

RA(30mg/kg) 98.7±1.09*# 2.10
RA(60 mg/kg) 74.65±2.12*## 1.60

where * p<0.05, **p<0.01, ***p<0.001 as compared to Vehicle treated control group 
(Group I) on the respective week. #p<0.05, ##p<0.01, ###p<0.001 as compared to 
CFA treated negative control group (Group II) on the respective week, NS: Non-
significant

Figure 6: Effect of RA on Serum Parameters of CFA induced 
arthritis in rats. All values are expressed as Mean ±SEM,  
(n = 6) and a- significant difference compared to Control,  

***P < 0.001, **P<0.01, *P<0.05, significant difference compared 
to CFA when###P< 0.001, ##P<0.01, #P<0.05 (one-way ANOVA, 

followed by Dunnet test.
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Figure 7: Effectiof RAioniBloodiParameters i(Hb,iESR)iof 
CFAiinducediarthritisiinirats. All values are expressed as 

Mean ±SEM, (n = 6) and a- significant difference compared to 
Control, ***P < 0.001, **P<0.01, *P<0.05, significant difference 

compared to CFA when###P < 0.001, ##P<0.01, #P<0.05 (one-way 
ANOVA, followed by Dunnet test.

Table 4: Acute toxic class method in rats (OECD 423 guideline).

S. No Treatment 
group 

Dose Weight of animal in gm Signs of 
toxicity 

Onset of 
Toxicity 

Reversible or 
irreversible 

Duration 

Before test After test 

1. RA 2g/kg 172 166 No signs of 
toxicity 

Nil Nil 14 days 

2. RA 2g/kg 169 165 No signs of 
toxicity 

Nil Nil 14 days 

3. RA 2g/kg 175 170 No signs of 
toxicity 

Nil Nil 14 days 

2- In the negative control group, arthritis induced rats 
showed symptom, such as the formation of  nodules in 
the ears, tail and fore paws and resulted in highly significant 
increases in paw volume.
3-In the group treated with methotrexate, a potent 
disease-modifying antirheumatic drugi (DMARD),ithere 
wasi ai significant decrease in irheumatoidi arthritis likei 
symptomsi andi pawi volume
4- In groups treated with the test compound, 30 and 60 
mg/kg RA were administered and a significant decrease 
in left hind paw volume was observed. Treatment with 60 
mg/kg RA was more effective than 30 mg/kg RA and 
caused a significant decrease in paw volume and various 
other rheumatoid arthritis-like symptoms, including 
inflammation, nodules, and joint stiffness.
Histopathological changes Histopathological  
changes included cellular changes observed in the 
synovial membrane (Figures 8).

DISCUSSION
The results of  the present study support previous 
findings relating to CFA-induced arthritis in rats23 
and suggest a potentially significant role for RA in 
the treatment of  rheumatoid arthritis. Adjuvant and 

carrageenan are two established agents used to induce 
arthritis and inflammation, respectively. Freund’s 
adjuvant is more clinically relevant in the study of  joint 
cartilage erosion, bone destruction and its remodeling. 
The locomotor reduction, however, might also to some 
extent be caused by reduced ability to move due to the 
pathological changes. Therefore, a complete recovery of  
locomotor activity cannot be expected after treatment 
with antinociceptive compounds. Degeneration and 
destruction of  periosteum and bone tissue with adhesions 
in the joints, resembling the changes in human rheumatoid 
arthritis, have been demonstrated in arthritic rats within 
the first 4-6 weeks after inoculation.24 The presence of  
other alterations such as reduced weight gain, as seen 
in the present experiment, hyperventilation and affected 
pain responsiveness25,26 stress the severity of  these 
changes and underline the similarities with conditions 
in human’s suffering from chronic pain. It has long been 
known that joint stiffness is a common symptom of  
many rheumatic diseases. 
This study also observed more stiffness/muscle rigidity 
in CFA treated rats in initial phase which was similar to 
previous studies.5,27 The rats in induced CFA-treated rats 
demonstrated delicate tissue swelling around lower leg 
joints amid the development of  joint inflammation. The 
induction of  cyclooxygenase 2 (COX-2) expressions, 
which occurs during the early phase of  inflammation, leads 
to an increase in prostaglandin E2 (PGE2) production, 
which is associated with the selective up-regulation of  
microsomal prostaglandin E synthase-1 (mPGES-1);28 
this was also observed in our study through changes in 
paw volume. The rats paw with more swelling or increased 
paw volume shown more cellular infillteration with 
presence of  inflammatory mediators. The method used 
in this study to determineipaw iswellingiisiaisimple  and 
quick iprocedureitoievaluateithe degreeiof  inflammation 
iand to assess therapeutic effects.29,30 SGOT, SGPT and 
ALP levels provide a better indication of  anti-arthritic 
activity, as these are reportedly increased in arthritic rats.31 
The levels of  these enzymes, which are considered to be 
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increased ESR. These symptoms indicate an anemic 
condition similar to that observed in arthritic patients.34 
Histopathological changes in arthritis are also useful 
indicators of  disease sensitivity. In this study, various 
changes in tissue swelling were observed only in the late 
stages of  the disease.35

RA is a complex inflammatory and autoimmune disease 
involving abnormalities in various cell types and factors, 
including macrophages, T cell, B cells, fibroblasts, 
chondrocytes, TNF-α, cell adhesion molecules (CAMs), 
interleukins and dendritic cells.36 Our study also revealed 
marked differences in the levels of  inflammatory 
mediators such as TNF-α; reduced TNF-α production 
was observed in RA-treated animals. Herbal drugs 
are safer than allopathic medications and should be 
considered in the treatment of  arthritis. Traditionally, 
several herbal plants have been found to be effective in 
preclinical models of  arthritis.5,6

The reported activity was due to the presence of  various 
chemical constituents in plants. The imain constituents 
present iniR.iofficinalis L. are 1, 8-cineole, alpha-pinene, 
camphor, borneol, camphene,Ilimonene, linalool, terpineol, 
verbenol, apigenin, diosmetin, diosmin, oleanolic acid,  
and ursolic acid. Here, we reported the isolation and 
identification of  RA in methanolic fractions from R. 
officinalis L. and demonstrated its potential in protection 
against rheumatoid arthritis idue to its anti-arthritic and 
anti-inflammatory activities.

CONCLUSION
The study concludes that RA fraction from MERO at 
60 mg/kg significantly effects and controls inflammation 
in fluid adjuvant-induced arthritis in rat model. RA is 
therefore a promising plant-derived anti-arthritic compound 
for the treatment of  inflammatory disorders.
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Figure 8: Figures showing histological changes in the  
synovial membrane of rats. Where CFA- complete fluid  

adjuvant induced Group-II, MTX- methotrexate treated rat’s 
group-III, RA30-30 mg/kg,i.p, RA treated group-IV,  

RA60-60mg/kg,i.p, RA treated group-V, HP-hyperplasia,  
PV- perivascular inflammatory infiltrates, FC- Foci of  

hemorrhage, MI- mononuclear inflammatory cells,  
LI- lymphoplasmacytic inflammatory infiltrates.

Control - Synovial membrane: Micro sections show tissue 
fragments lined by an intact benign flattened synovial  
epithelium. The sub synovial fibro muscular tissue is  

unremarkable. No crystal deposits can be seen. No inflammation  
or granulomas are seen. CFA-Synovial Membrane: Micro  

sections show tissue mild hyperplasia. A number of congested  
blood vessels with perivascular inflammatory infiltrate are 

shown. Foci of hemorrhage can be observed. MTX -Synovial 
Membrane: micro sections show scattered mononuclear  

inflammatory cells, which can be observed along with  
occasional blood vessels. No crystal deposits are seen. 

No inflammation or granulomas are seen. RA30 - Synovial 
membrane: micro sections show sub synovial fibro muscular 
tissue with an increase in lymphoplasmacytic inflammatory 

infiltrates. A number of congested blood vessels with perivas-
cular inflammatory infiltrates can be seen. Foci of hemorrhage 
can be observed. RA60- Synovial membrane: the subsynovial 

fibromuscular tissue shows increased lymphoplasmacytic 
inflammatory infiltrates. A number of congested blood vessels 

with perivascular inflammatory infiltrate can be seen.

features of  liver and kidney impairment in rheumatoid 
arthritis, decreased in RA-treated animals.32

The ESR is commonly utilizediasiainon-specific marker 
of  inflammatory or threatening conditions in arthritis.33 
In the present study, untreated arthritic rats showed 
reduced red blood cell (RBC) counts and Hb levels and 
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ABBREVIATIONS
CFA: complete Freund’s adjuvant; RA: rosmarinic acid; 
MSD: musculoskeletal disorder; TNF: tumor necrosis 
factor; API: Active Pharmaceutical Ingredient; ELISA: 
enzyme-linked immunosorbent assay; Hb: hemoglobin;  
ESR: erythrocyte sedimentation rate; CAMs: cell adhesion  
molecules.
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SUMMARY
Complete Freund’s adjuvant, CFA treated animal 
showed significant change in paw volume and in release 
of TNF-α. This was confirmed by histological changes 
in synovial membrane of rats. CFA significantly affects 
the both behavioral and biochemical parameters like 
body weight, locomotion, SGOT, SGPT, ALP, TNFα, 
respectively in rats. Rosmarinic acid (RA) was isolated 
and confermed by different analytical techniques like 
TLC, HPLC and UV. Animals treated with RA from 
R. officinalis L. leaf extract showed improvement in 
muscle rigidity, hypolocomotion, primary and secondary 
lesions in arthritis induced rats and modulates the 
release of pro inflammatory mediators like TNF-α to 
control inflammation in joints.
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