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Attenuation of Complete Freund’s Adjuvant-induced arthritis
by different dilutions of Eupatorium perfoliatum and Crotalus
horridus and their safety evaluation

Surender Singh'*, Ritu Karwasra', Prerna Kalra', Debadatta Nayak?, Anil K. Khurana?, Raj K. Manchanda?

"Department of Pharmacology, All India Institute of Medical Sciences, 2Central Council for Research in Homoeopathy, Ministry of AYUSH, Government of India,
New Delhi, India

Objective: The aim of this study was to investigate, the inhibitory effect of the homoeopathic drugs — Eupatorium perfoliatum and Crotalus
horridus in experimental models of inflammation and Complete Freund’s Adjuvant (CFA)-induced arthritis with evaluation of their safety aspects
by acute and subacute toxicity studies. Materials and Methods: Animals were divided into eight groups (n = 6). Eupatorium perfoliatum and
Crotalus horridus in different dilutions (6CH, 12CH, 30CH and 200CH) were administered orally, daily during the study period of 21 days,
and their effect on joint dysfunction was evaluated by measuring joint diameter in CFA-induced arthritis model. In addition, inflammatory
profiles of these homoeopathic drugs were screened in carrageenan-induced paw oedema model. Acute and subacute studies were carried out
according to Organization for Economic Cooperation and Development 425, 407 guidelines. The subacute toxicity study was carried out for
a duration of 28 days, and all the animals were observed for behavioural abnormalities. At the end of 28" day, animals were sacrificed to carry
out the biochemical, haematological and histopathological estimations. Results: Findings of the study revealed that on CFA administration,
there is a significant (P < 0.01) increase in joint diameter in all the tested animals. Maximum increase in joint diameter was observed on
day 3 in all the treatment groups. Eupatorium perfoliatum 200CH showed significant decrease in joint diameter on day 21. In carrageenan
study, the homoeopathic drugs produced a significant reduction in paw oedema at 5-h post-carrageenan administration. Study noted that
the anti-inflammatory activity of Eupatorium perfoliatum was found to be superior to Crotalus horridus. Conclusion: Study inferred that
Eupatorium perfoliatum and Crotalus horridus are safe at dilutions 6CH, 12CH, 30CH and 200CH and effective in minimising inflammation
and arthritis in CFA-induced model.
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glucocorticoids. Although these treatment options are effective
in improving disease conditions, chronic and long-term use
of these agents may lead to serious adverse effects such as
gastric ulceration, cardiovascular abnormalities and emergence
of opportunistic infections.®! Thousands of patients with
inflammatory disorders face the problem of gastric ulcers and

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflammatory
autoimmune-mediated disorder characterised by cellular
infiltration and proliferation of the synovial membrane,
pannus formation, cartilage and bone erosion, leading to the
progressive destruction of the joints through the interaction

between infiltrating cells and mediators such as cytokines, e T T 0 S

prostanoids and proteolytic enzymes.[!! In India, the
prevalence of RA is found to be around 0.75% of the adult
population.) The pathogenesis of RA is associated with
accumulation of macrophages, neutrophils and production
of free radical-producing enzymes. Conventional treatment
options available are disease-modifying antirheumatic
drugs, Nonsteroidal Anti-inflammatory (NSAIDs) and
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gastrointestinal bleeding due to prolonged use of NSAIDs, !
and also considering the chronic nature of these disorders,
compliance became an another issue associated with these
costly and toxic drugs. It is also seen that the large number
of patients with these disorders rely on complementary
and alternative medicines either alone or in combination
with conventional treatment for better outcome.’! Hence,
discovering new compounds of natural origin in homoeopathic
system of medicine with potential therapeutic effect and
minimal side effects have been pursued vigorously.l® Medicinal
plants are being used in the form of homoeopathic drugs in
the prevention and management of inflammatory disorders in
prophylactic way.

Homoeopathic drugs — Eupatorium perfoliatum and Crotalus
horridus are available in different formulations or preparations
for the treatment of different ailments. Eupatorium and
Crotalus genera have been studied in some depth and several
compounds with varying effects identified. Traditionally,
Eupatorium perfoliatum was used for the treatment of fever
and as a gastrointestinal aid for pains in the stomach.l” Leaves
and flowering parts of the plant ‘common boneset’ have
been extensively used within traditional medicine of North
America’s native inhabitants against fever and as diaphoretic
agent.®? Previous literature on Eupatorium perfoliatum
depicts its use as mother tincture in homoeopathic system of
medicine and used against in vitro human monocyte cells for
controlling inflammation and oxidative stress. It possesses
significant anti-inflammatory, antioxidant, immunomodulatory,
cytotoxic and antibacterial activities. Crotalus horridus
is also known as timber rattlesnake; its venom is used in
homoeopathic preparations. It is a venomous pit viper found
in eastern parts of United States and produces high venom
yield. The venom comprises of Type A-neurotoxic, Type
B-haemorrhagic. It possesses antiretroviral action and is potent
against Ehrlichiosis infections in different homoeopathic
preparations.l'® In this context, the health benefits of
Eupatorium perfoliatum and Crotalus horridus in preventing
cancers and infectious diseases!') have been widely focused.
However, very few studies have targeted the eventual benefit of
Eupatorium perfoliatum and Crotalus horridus in attenuation
of inflammation.

MareriaLs AND METHODS

Animals

Adult Wistar albino rats (150-180 g) from our institutional
breeding stock were used in the study. Animals were housed
at 25°C £ 2°C inside clean polypropylene cages in groups of
three. They had access to food and water ad /ibitum throughout
the duration of the study. The experimental protocols were duly
approved by the Institutional Animal Ethics Committee, All
India Institute of Medical Sciences, New Delhi, India (Animal
Ethics Approval No-935/IAEC/16). All experiments were
carried out in accordance with ‘Guidelines for care and use
of animals in scientific research (Indian National Science
Academy 1998, Revised 2000)’.

Chemicals and drugs

Complete Freund’s Adjuvant (CFA) was purchased from
Difco, CA, USA. Indomethacin was purchased from Sigma
Chemical Co., USA. All the other chemicals used were of
analytical grade.

Test drug

Homoeopathic preparations of Eupatorium perfoliatum and
Crotalus horridus at different dilutions, i.e., 6CH, 12CH, 30CH
and 200CH were procured from Central Council for Research
in Homoeopathy (CCRH).

Dose calculation of study drugs for experimental animals
The route of administration is per oral, and the vehicle for
administration is deionised water. The standard dose of
20 ul/100 g body weight of rat was administered using a
micropipette and solution was mixed with 450 ul of distilled
water administered orally with the help of oral catheter and
flushed with 500 pl of distilled water.

Experimental design: Toxicity studies

Acute and subacute toxicity studies of these homeopathic drugs
were also evaluated according to Organization for Economic
Cooperation and Development (OECD) guidelines.

Acute toxicity Study

Evaluation of acute oral toxicity of Eupatorium perfoliatum
and Crotalus horridus at different dilutions 6CH, 12CH,
30CH and 200CH was carried out according to the OECD
guidelines for testing of chemicals-425.0"21 A limit test (2000
ul/kg body weight) was performed using five male Wistar
rats (150—-180 g) from our breeding stock. All the animals were
observed for behavioural changes and mortality till 14 days
after administration of the dose [Table 1].

Subacute toxicity studies

Evaluation of 28-day oral toxicity study of Eupatorium
perfoliatum and Crotalus horridus at different dilutions 6CH,
12CH, 30CH and 200CH was carried out according to the
OECD guidelines for testing of chemicals-407.["3 Ninety
Wistar rats (150—180 g) of both sexes from our breeding stock
were allocated into nine groups (n = 5/sex/group). Group I
received the vehicle (1 ml/kg body weight, 1% saline) and
served as normal control and Group II-V received Eupatorium
perfoliatum in different dilutions, i.e., 6CH, 12CH, 30CH
and 200CH and Group VI-IX Crotalus horridus in different
dilutions. Drug/vehicle was administered daily for 28 days
[Tables 2 and 3].

Experimental protocol: Carrageenan-induced paw oedema
model

The experimental protocol and methodologies used were
the same as described earlier."* Animals were divided into
11 groups (n = 6) and fasted overnight with access to water
ad libitum. Thereafter, Group I received normal control
(1% normal saline, p.o), Group II received carrageenan
alone (1% solution of carrageenan dissolved in normal saline),
Group III received standard drug indomethacin (3 mg/kg),
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Groups 1V, V, VI and VII received Eupatorium perfoliatum
at different dilutions 6CH, 12CH, 30CH and 200CH and
Group VIII-XI Crotalus horridus in different dilutions. Sixty
minutes post-administration of the drug/vehicle, paw oedema
was induced by subcutaneous administration of 0.1 mL of 1%
Ai-carrageenan (constituted in normal saline) into the left hind
paw of the animal. Paw oedema was measured using a digital
plethysmometer (Orchid Scientific, India) at 1-h, 3-h and 5-h

post-carrageenan administration. Increase in paw volume
and percentage inhibition of paw oedema of all the treatment
groups were calculated.

Experimental protocol: Chronic model of inflammation
Experiment was conducted according to previous standardised
methodology.!'! Eleven groups of rats (n = 6) were used in the
study and fasted overnight with access to water ad libitum.

Table 1: Mortality in normal and homoeopathic groups (at different dilutions) for a period of 10 days

Serial Groups Days
number 1 2 3 4 5 6 7 8 9 10
Number of animals alive/tested

1 Eupatorium perfoliatum 6CH 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5
2 Eupatorium perfoliatum 12CH 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5
3 Eupatorium perfoliatum 30CH 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5
4 Eupatorium perfoliatum 200CH 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5
5 Crotalus horridus 6CH 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5
6 Crotalus horridus 12CH 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5
7 Crotalus horridus 30CH 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5
8 Crotalus horridus 200CH 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5

Table 2: Biochemical parameters analysed in normal control and homoeopathic medicines Eupatorium perfoliatum and

Crotalus horridus at different dilutions by autoanalyzer

Drug treatment

Change in body weight (g)

7" day 14" day 21 day 28" day
Normal control 7.33+0.61 1740.81 28+0.36 37.33+0.80
Eupatorium perfoliatum 6CH 7.83+0.54 17+0.51 29.33+0.66 37.17+0.47
Eupatorium perfoliatum 12CH 7.0£0.36 16.83+0.65 28.33+0.61 38.0+0.36
Eupatorium perfoliatum 30CH 7.83+0.47 18.33+0.33 28.50+0.71 38.67+0.55
Eupatorium perfoliatum 200CH 7.66+0.49 18.83+0.40 27.67+0.49 38.83+0.30
Crotalus horridus 6CH 7.83+0.30 18.50+0.42 28.83+0.83 38.33+0.33
Crotalus horridus 12CH 7.33+0.33 17.67+0.33 27.33+0.66 37.33+1.05
Crotalus horridus 30CH 7.83+0.47 18.17+0.60 28.50+0.88 37.17+0.70
Crotalus horridus 200CH 8.33+0.33 18.17+0.47 28.33+0.61 38.17+0.60

All values are mean+SEM (n=6). Statistical analysis by one-way ANOVA followed by Dunnett’s Multiple Comparisons. SEM: Standard error of means;

ANOVA: Analysis of variance

Table 3: Haematological parameters (red blood cells, white blood cells and platelets) were measured by different

methods in all groups

Drug treatment

Change in organ weight

Liver Kidney Heart Brain Testis Ovary
Normal control 3.49+0.05 0.71£0.00 0.33+0.01 1.95+0.016 1.120+0.02 0.067+0.002
Eupatorium perfoliatum 6CH 3.33+0.04 0.72+0.01 0.32+0.00 1.90+0.02 1.06+0.03 0.071+0.003
Eupatorium perfoliatum 12CH 3.32+0.03 0.71£0.01 0.34+0.01 1.95+0.02 1.08+0.01 0.069+0.002
Eupatorium perfoliatum 30CH 3.36x0.11 0.710.02 0.37+0.00 1.95+0.02 1.07+0.01 0.073+0.001
Eupatorium perfoliatum 200CH 3.46+0.02 0.72+0.01 0.34+0.00 1.9120.01 1.06+0.02 0.074+0.001
Crotalus horridus 6CH 3.50+0.04 0.68+0.01 0.35+0.01 1.94+0.03 1.08+0.02 0.074+0.001
Crotalus horridus 12CH 3.50£0.01 0.69+0.02 0.32+0.00 1.9240.01 1.08+0.04 0.07140.002
Crotalus horridus 30CH 3.44+0.03 0.74+0.01 0.32+0.00 1.910.02 1.06+0.02 0.072:0.001
Crotalus horridus 200CH 3.49+0.02 0.74+0.01 0.36+0.00 1.93+0.01 1.07+0.02 0.07440.001

All values are mean+=SEM (n=6). Statistical analysis by one-way ANOVA followed by Dunnett’s Multiple Comparisons. SEM: Standard error of means;

ANOVA: Analysis of variance
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Group 1 (normal control): normal saline (1 ml/kg/day; p.o.)
was administered to rats for a period of 21 days.

Group 2 (CFA control): normal saline was administered to
rats for a period of 21 days, and on 0" day, a single subplantar
injection of 0.1 ml CFA (Difco: 0.05% [w/v] of Mycobacterium
butyricum in mineral oil) in the left hind paw was given.

Group 3 (Indomethacin 3 mg/kg + CFA): indomethacin was
administered to rats for a period of 21 days, and on day zero,
a single subplantar injection of 0.1 ml CFA in the left hind
paw was given.

Group 4-7 (Eupatorium perfoliatum + CFA): received
Eupatorium perfoliatum at different dilutions 6CH, 12CH,
30CH and 200CH for a period of 21 days, and on day zero, a
single subplantar injection of 0.1 ml CFA in the left hind paw
was given.

Group 8-11 (Crotalus horridus + CFA): received Crotalus
horridus at different dilutions 6CH, 12CH, 30CH and 200CH
for a period of 21 days, and on day zero, a single subplantar
injection of 0.1 ml CFA in the left hind paw was given.

On day 21, the animals were sacrificed, and terminal blood
collection was performed by retro-orbital plexus and then
centrifuged at 3000 rpm to separate the serum and stored
at —20°C.

Measurement of increase in joint diameter

The joint diameter was measured by means of micrometre
screw gauge placed on the left ankle joint transversely, and
the diameter was measured on day 0 before injecting CFA and
then on day 3, 7, 14 and 21 during the study. The increase in
joint diameter was obtained by subtracting the day 0 values
from the measurements taken on day 3, 7, 14 and 21 and
expressed in mm.!®

Statistical analysis

All data were represented as mean + standard error of
mean (n = 6). Comparison between groups was done by
one-way analysis of variance followed by Dunnett’s multiple
comparison tests using the Graphpad Prism version 5.03, San
Diego, CA, USA. P <0.05 was considered as statistically
significant.

ResuLts

Effect of different dilutions of Eupatorium perfoliatum and
Crotalus horridus on acute oral toxicity study

In acute toxicity study, no mortality or toxic signs were
observed in any group at different dilutions which indicates that
oral LD, of Eupatorium perfoliatum and Crotalus horridus
is >2000 ul All the five Wistar rats were observed at the end
of study period in all treatment groups.

Effect of different dilutions of Eupatorium perfoliatum
and Crotalus horridus on subacute oral toxicity study
for 28 days

No significant changes in body weights of treated rats were

observed when compared with normal control group. No
significant change in mean organ weight of liver, kidney,
brain, heart, testes and ovaries were observed at the end of
28" day, when compared to normal control group. The mean
organ weight of liver of normal control group is 3.49 + 0.05;
Eupatorium perfoliatum at 6CH, 12CH, 30CH and 200CH was
found to be 3.33, 3.32, 3.36 and 3.46, respectively. Crotalus
horridus at 6CH, 12CH, 30CH and 200CH was found to be
3.50,3.50, 3.44 and 3.49, respectively. The mean organ weight
of kidney of normal control group is 0.71 + 0.00; Eupatorium
perfoliatum at 6CH, 12CH, 30CH and 200CH was found to
be 0.72, 0.71, 0.71 and 0.72, respectively. Crotalus horridus
at 6CH, 12CH, 30CH and 200CH was found to be 0.68, 0.69,
0.74 and 0.74, respectively.

No signs of gastric ulceration or erosion were observed.
Change in mean organ weight of different organs in control
and treated groups were presented.

Biochemical and haematological observations also did not
produce any significant changes in haematological and
biochemical parameters of male [Table 4] and female [Table 5]
rats as compared to those in normal control group. All
animals survived until the scheduled necropsy, and their
physical and behavioural examinations did not reveal any
treatment-related adverse effects. No pathological changes
were observed in histological section of heart, kidney, liver,
testis, ovaries and brain of homoeopathic drugs-treated male
and female [Figures 1 and 2] rats as compared to normal
control animals.

Effect of different dilutions of Eupatorium perfoliatum and
Crotalus horridus on acute inflammation

The carrageenan-induced paw oedema model was done to
evaluate the involvement of anti-inflammatory activity of
homoeopathic drugs at the doses tested. Administration of
carrageenan produced a significant (P < 0.05) increase in paw
oedema that was persistent throughout the observation period.
Maximum paw oedema was observed at 5-h post-carrageenan
administration in all the tested animals [Table 6]. The standard
drug, indomethacin, produced a significant reduction in paw
oedema at 3-h and 5-h post-carrageenan administration.
Percentage inhibition of paw oedema was calculated for
all treatment groups [Table 7]. The percentage inhibition
found in Eupatorium perfoliatum dilutions (6CH, 12CH,
30CH and 200CH) are 8.064%, 8.064%, 16.12% and
27.41%, respectively. In another homoeopathic medicine,
i.e., Crotalus horridus, the percentage inhibition was found
to be 4.838%, 11.29%, 11.29% and 22.58% respectively.
However, indomethacin inhibits 43.54% paw oedema in
carrageenan-induced paw oedema model.

Effect of different dilutions of Eupatorium perfoliatum and
Crotalus horridus on chronic inflammation

Injection of CFA into the left hind paw produced an increase in
joint swelling, erythema and dysfunction in all the experimental
groups. The first signs of arthritis development were visible
on day 14, after immunisation with CFA. Treatment with
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Table 4: Inhibition of paw volume was measured using plethysmometer in carrageenan-induced paw oedema model in

Wistar rats
Drug treatment Biochemical parameters
Blood glucose Sr. Creatinine SGOT SGPT TG HDL

Normal control 101.2+2.57 0.85+0.03 110.3+2.25 41.24+1.20 57.33+1.72 31.23+0.67
Eupatorium perfoliatum 6CH 102.3+2.26 0.76+0.04 110.2+5.11 45.26+1.56 57.34£2.16 33.47+1.34
Eupatorium perfoliatum 12CH 103.3£2.41 0.70+0.06 107.3£3.05 42.46=1.11 57.41£2.30 35.41£1.42
Eupatorium perfoliatum 30CH 102.7£2.29 0.73+0.09 103.8+£3.91 43.24+1.39 58.32+2.37 35.20£2.30
Eupatorium perfoliatum 200CH 100.7£2.07 0.83+0.08 107.443.51 45.28+1.18 56.93+3.45 33.0+1.33
Crotalus horridus 6CH 102.3+1.85 0.81+0.07 112.0+5.26 42.46+2.01 59.77+2.13 33.85+0.85
Crotalus horridus 12CH 99.67+2.64 0.81+0.06 108.4+4.84 45.40+1.56 56.46+2.34 34.58+2.13
Crotalus horridus 30CH 101.3£2.41 0.78+0.10 105.74+2.72 43.632.11 55.84+2.91 34.3242.54
Crotalus horridus 200CH 98.17+2.07 0.81+0.10 110.3+5.49 45.4241.23 56.91+3.24 33.76+1.21

All values are mean+SEM. Statistical analysis by One-way ANOVA followed by Dunnett’s Multiple Comparison. ANOVA: Analysis of variance; SEM:
Standard error of means; HDL: High-density lipoprotein; TG: Triglyceride; SGOT: Serum glutamic oxaloacetic transaminase; SGPT: Serum glutamic

pyruvic transaminase

Table 5: Percentage inhibition inflammation was measured in carrageenan-induced paw oedema model in Wistar rats

Drug treatment

Haematological parameters

RBC WBC Platelets Haemoglobin
Normal control 734.3+15.25 16,767+209.2 35.72+1.10 12.91+0.42
Eupatorium perfoliatum 6CH 716.3£11.58 16,850+168.8 32.95+0.76 12.74+0.31
Eupatorium perfoliatum 12CH 717.2+19.59 16,917+272.5 34.39+0.96 12.79+0.28
Eupatorium perfoliatum 30CH 730.2+15.22 16,817+375.4 34.03+0.65 12.78+0.30
Eupatorium perfoliatum 200CH 748.8+18.70 16,525+430.8 35.32+1.13 12.53+0.27
Crotalus horridus 6CH 751.8+14.83 17,1174£227.2 34.80+0.84 12.70+0.44
Crotalus horridus 12CH 725.3£15.07 17,100£291.0 35.56+1.69 12.71£0.21
Crotalus horridus 30CH 720.8+25.59 17,200+240.8 33.19+0.95 12.80+0.40
Crotalus horridus 200CH 702.8+20.33 16,750+£304.1 34.52+1.13 12.71+0.35

RBC: Red blood cells; WBC: White blood cells

Table 6: Effect of administering different homoeopathic drugs on paw diameter in complete Freund’s adjuvant induced

arthritis in Wistar rats

Drug treatment

Increase in paw volume (ml)

1h 3h 5h

Normal control (1 ml/kg) 0.1140.004## 0.20+0.006%# 0.22+0.01%#
Carrageenan alone 0.43+0.014 0.54+0.010 0.62+0.01
Indomethacin (3 mg/kg) 0.40+0.01 0.33£0.011%%* 0.35+0.01***
Eupatorium perfoliatum 6CH 0.43+0.009 0.50+0.021 0.57+0.01
Eupatorium perfoliatum 12CH 0.44+0.012 0.47+0.020 0.57+0.01
Eupatorium perfoliatum 30CH 0.41+0.008 0.45+0.037* 0.52+0.02%**
Eupatorium perfoliatum 200CH 0.44+0.008 0.42+0.030%* 0.45+0.008%**
Crotalus horridus 6CH 0.41+0.006 0.50+0.013 0.59+0.01
Crotalus horridus 12CH 0.43+0.006 0.46+0.013 0.55+0.03
Crotalus horridus 30CH 0.42+0.009 0.46+0.020 0.55+0.02
Crotalus horridus 200CH 0.43+0.008 0.43+0.028%* 0.48+0.02%%*

*P<0.05, **P<0.01, ***P<0.001 as compared with CFA-control, *#P<0.001 as compared with normal control. All values are mean=SEM. Statistical
analysis by one-way ANOVA followed by Dunnett’s Multiple Comparisons. ANOVA: Analysis of variance; CFA: Complete Freund’s adjuvant; SEM:

Standard error of means

homoeopathic drugs at different dilutions suppressed hind
paw swelling to lesser extent. However, maximum protection
was observed in Eupatorium perfoliatum 200CH group against
CFA-related changes.

Effect of different dilutions of Eupatorium perfoliatum and
Crotalus horridus on joint diameter

After immunisation with CFA, there was significant increase
(P < 0.001) in the joint diameter of injected rats in all
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experimental groups as compared to normal control. Maximum
increase in joint diameter was observed on day 3; after that, there
was gradual decrease in joint inflammation in all groups except
CFA control animals. There was small increase in ankle joint

diameter in CFA control group, after day 14 which is the result
of heightened cell-mediated immunity response. Significant
inhibition (P < 0.001) in joint inflammation was observed by
Eupatorium perfoliatum 200CH-treated group [Table §].
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Discussion

The present study demonstrated that the homoeopathic
drugs’ (Eupatorium perfoliatum and Crotalus horridus)
treatment is safe at chronic administration and was effective
in controlling inflammation and joint dysfunction in RA.

As mentioned earlier, inflammatory disorders such as RA is
a chronic, deforming disease of joints of unknown aetiology.
It is characterised by inflammation of synovial membrane,
pain, destructive changes in cartilage and bone, restricting
mobility of joints. The activated leucocytes and synovial
fibroblasts in joint tissue secrete several pro-inflammatory
mediators such as tumour necrosis factor-o (TNF-a),
interleukin-1 (IL-1), IL-6, IL-8 and interferon- y (IFN-y)
that cause inflammation and joint damage.!'”! Several studies
have proposed that the pro-inflammatory cytokines such as
TNF-o and IL-1 play a central role in the pathogenesis of
RA as they contribute to the synoviocyte self-proliferation
and increase the production of tissue enzymes, resulting
in cartilage destruction,™ while numerous other studies
suggest that the transcription factor, i.e., NF-xB is also a
pivotal regulator of inflammation and joint degradation by
upregulating expression of many pro-inflammatory genes,
such as, IL-1 B, IL-6, TNF-o, chemokines and matrix
metalloproteinases.!"® Some studies also demonstrated the

Table 7: The percentage inhibition of paw edema in
carrageenan induced rat paw edema model

Drug treatment Percentage inhibition

Indomethacin (3 mg/kg) 43.54
Eupatorium perfoliatum 6CH 8.064
Eupatorium perfoliatum 12CH 8.064
Eupatorium perfoliatum 30CH 16.12
Eupatorium perfoliatum 200CH 27.41
Crotalus horridus 6CH 4.838
Crotalus horridus 12CH 11.29
Crotalus horridus 30CH 11.29
Crotalus horridus 200CH 22.58

increased NF-xB levels in the synovial joint of human and
animal models.[' In short, we can conclude that in the
process of bone erosion, the transcription factor (NF-kB)
upregulate the expression of TNF-o, which further triggers
the production of other cytokines, and furthermore, it exerts
its arthritogenic potency through the induction of IL-1.
Therefore, IL-1, NF-xB and TNF-o have been shown to
be dominant players in the induction of inflammation and
bone erosion. The concomitant presence of chronic pain
and associated other symptoms is considered as suggestive
underlying immune activity in RA. Thus, the reduction of
pain, inflammation and joint damage is the focus of drug
treatment of inflammatory disorders such as RA.

In our present investigation, we evaluated the effect of
homoeopathic drugs on acute and chronic inflammation.
These drugs or preparations inhibit the paw oedema, induced
by carrageenan injection. Carrageenan-induced paw oedema
model is an experimental model used for assessing the
anti-inflammatory activity of test substance.!'! Carrageenan
has time-dependent triphasic response, in which the first
and foremost phase (1-2 h after carrageenan administration)
primarily attributed to release of histamine, the second
phase (2-3 h) being attributed to release of serotonin and kinins
and the third phase (3—5 h) primarily attributed to release of
prostaglandins.?” Different dilutions of homoeopathic drugs
act on all the three phases and produced significant reduction
in paw oedema. The effect observed may be due to significant
changes in the inflammatory response which are comparable
with indomethacin. The response to anti-inflammatory
activity is directly linked with the antiarthritic activity and to
the progression of disease. CFA model is used to screen the
newer compounds for its anti-inflammatory or antiarthritic
activity. To assess the chronic anti-inflammatory activity of
homoeopathic drugs — Eupatorium perfoliatum and Crotalus
horridus, CFA model was used.!'™ It has been used in various
studies as a model for evaluation of sub-chronic or chronic
inflammation in rats and is of considerable relevance to the
study of pathophysiological and pharmacological control of

Table 8: The increase in joint diameter in CFA-induced rheumatoid arthritis on day 3, 7, 14 and 21

Drug treatment

Increase in joint diameter

Day 3 Day 7 Day 14 Day 21
Normal control (1 ml/kg) 0.13+0.01%# 0.12+0.01%# 0.13+0.01%# 0.13+0.01%#
CFA-control 1.95+0.01 1.344+0.03 1.28+0.03 1.52+0.02
Indomethacin (3 mg/kg) 1.60+0.02%** 1.1740.02%%* 0.72+0.03%** 0.67+0.02%**
Eupatorium perfoliatum 6CH 1.89+0.02 1.394+0.02 1.21£0.01 1.39+0.07
Eupatorium perfoliatum 12CH 1.88+0.02 1.324+0.03 1.22+0.03 1.50+0.09
Eupatorium perfoliatum 30CH 1.85+0.02** 1.19+0.00** 1.14+0.03* 1.28+0.03**
Eupatorium perfoliatum 200CH 1.75+0.02%** 1.22+0.02* 1.10+0.04** 1.11£0.04%**
Crotalus horridus 6CH 1.92+0.02 1.43+0.02 1.26+0.02 1.36+0.02
Crotalus horridus 12CH 1.89+0.02 1.42+0.01 1.25+0.02 1.34+0.01
Crotalus horridus 30CH 1.90+0.01 1.40+0.017 1.25+0.03 1.35+0.01
Crotalus horridus 200CH 1.83+0.01%** 1.22+0.039* 1.14+0.02* 1.2840.02%**

*P<0.1, **P<0.01, ***P<0.001 comparison with CFA-control group. **P<0.001 comparison with normal control group. CFA: Complete Freund’s adjuvant
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inflammatory and analgesic processes.!'” CFA elicits joint
swelling, synovial membrane inflammation and cartilage
destruction.®! Treatment of CFA rats with Eupatorium
perfoliatum 200CH inhibited paw swelling, stiffness and joint
inflammation.

In acute toxicity study, there were no mortality or any signs
of toxicity observed after oral administration of drugs up
to the dose level of 2000 pl/kg in rats. In subacute toxicity
study, the body and organ weights of experimental animals
did not show any significant changes after administration
of the different homoeopathic drugs for 28 days, when
compared to the normal control group. Haematological
parameters analysed included complete blood count of
experimental and control group animals. Analysis of blood
parameters in animal studies is relevant to evaluate the risk of
alterations of the haematopoietic system in toxicity studies.
In this study, administration of the different homoeopathic
drugs after 28 days induces no significant change in all
haematological parameters as compared to normal control
group. Assay of biochemical parameters were performed
in order to evaluate the liver, renal, lipid and glycaemic
profiles of all experimental animals, In this study, assay of
the liver profile parameters (serum glutamic oxaloacetic
transaminase and serum glutamic pyruvic transaminase)
revealed normal functioning of the liver after 28 days of
administration of different homoeopathic drugs, with normal
values in experimental animals as compared to normal
control group. Histopathological examinations of the liver,
kidney, heart, brain, testis and ovaries did not reveal any
morphological changes after administration of test drugs.
Thus, both homoeopathic drugs, i.e., Eupatorium perfoliatum
and Crotalus horridus at different dilutions were found to
be safe with no pathological abnormalities on any organ of
treated animals.

CoNncLusIoN

Homoeopathic drugs — Eupatorium perfoliatum and Crotalus
horridus are safe and effective in treating inflammation and
arthritis in CFA-induced model. However, further studies are
required to find the potential mechanism of these homoeopathic
drugs and their other possible pharmacological activity.
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Evaluation de I’innocuité et de I’atténuation de I’arthrite induite par I’ACF (adjuvant complet de Freund) en utilisant
différentes dilutions d’Eupatorium perfoliatum et de Crotalus horridus

Objectif: Cette étude avait comme objectif d’étudier I’ effet inhibiteur des médicaments homéopathiques, Eupatorium perfoliatum
et Crotalushorridus dans des modeles expérimentaux d’inflammation et d’arthrite induite par 1I’ACF.

Matériels et and méthodes: Les rats ont ¢té divisés en huit groupes (n = 6). L’ Eupatorium perfoliatum et le Crotalushorridus
ont été administrés quotidiennement par voie orale en différentes dilutions (6CH, 12CH, 30CH et 200CH) pendant la période
d’étude de 21 jours et leur effet sur le dysfonctionnement de I’articulation a été évalué en mesurant le diamétre articulaire
dans le modé¢le d’arthrite induite par I’ACF. En outre, les profils inflammatoires de ces médicaments homéopathiques ont été
évalués chez les rats dont I’cedéme de la patte a été induit par le carraghénane. Des études de toxicité aigué et subaigué ont été
réalisées d’apres les lignes directrices 425, 407 de ’OCDE. Les rats ont été sacrifiés le 28° jour et des estimations biochimiques
et hématologiques ont été réalisées pour effectuer I’analyse histopathologique.

Résultats: Les conclusions de I’étude ont révélé que suite a I’administration de I’ ACF il y avait une augmentation significative
(P <0,01) du diameétre articulaire chez tous les rats testés. Une augmentation maximale du diametre articulaire a été observée le
3éme jour chez tous les groupes traités. Eupatorium perfoliatum 200CH a réduit de maniére significative le diamétre articulaire
au 21 jour. Dans 1’étude utilisant le carraghénane, les médicaments homéopathiques ont contribué a une réduction importante
de I’cedéme de la patte 5 heures aprés 1’administration de carraghénane. L’¢étude a révélé que 1’activité anti-inflammatoire de
I’ Eupatorium perfoliatum était supérieure a celle du Crotalushorridus.

Conclusion: Cette étude montre que I’ Eupatorium perfoliatum et le Crotalushorridus sont strs en dilutions de 6CH, 12CH,
30CH et 200CH et s’aveérent efficaces dans la réduction de I’inflammation.
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Evaluacion de la seguridad y atenuacion de la artritis inducida por CFA por diferentes diluciones de Eupatorium
perfoliatum y Crotalus horridus

Resumen

Objetivo: el objetivo de este trabajo fue investigar el efecto inhibitorio de los medicamentos homeopaticos, Eupatorium
perfoliatum y Crotalus horridus en modelos experimentales de inflamacion y artritis inducida por CFA con evaluacion de sus
aspectos de seguridad mediante estudios de toxicidad aguda y subaguda.

Materiales y métodos: Los animales se dividieron en ocho grupos (n = 6). Eupatorium perfoliatum y Crotalus horridus en
diferentes diluciones (6CH, 12CH, 30CH y 200CH) se administraron por via oral, diariamente durante el periodo de estudio
de 21 dias y se evalud su efecto sobre la disfuncion articular midiendo el didmetro de la articulacion en la artritis inducida por
adyuvante de Freund completo (CFA ) modelo. Ademas, los perfiles inflamatorios de estos medicamentos homeopaticos se
examinaron en el modelo de edema de la pata inducido por carragenina. Los estudios agudos y subagudos se llevaron a cabo
segun las directrices de la OCDE 425, 407. El estudio de toxicidad subaguda se llevd a cabo durante 28 dias y se observo a
todos los animales anormalidades de comportamiento. Al final del dia 28, los animales fueron sacrificados para llevar a cabo
las estimaciones bioquimicas, hematologicas e histopatologicas.

Resultados: Los hallazgos del estudio revelaron que en la administracion de CFA, hay un aumento significativo (P <0.01)
en el didmetro de la articulacion en todos los animales analizados. El aumento méaximo en el diametro de la articulacion se
observo el dia 3 en todos los grupos de tratamiento. Eupatorium perfoliatum 200CH mostré una disminucion significativa en el
diametro de la articulacion el dia 21. En el estudio con carragenina, los medicamentos homeopaticos produjeron una reduccion
significativa en el edema de la pata a las 5 horas después de la administracion de carragenina. Un estudio observo que la actividad
antiinflamatoria de Eupatorium perfoliatum era superior a Crotalus horridus.

Sicherheitsbewertung und Abschwichung von CFA-induzierter Arthritis durch unterschiedliche Verdiinnungen von
Eupatorium perfoliatum und Crotalus horridus

Ziel: Ziel dieser Arbeit war es, erstmals diec Hemmwirkung der homopathischen Wirkstoffe Eupatorium perfoliatum und
Crotalus horridus in experimentellen Modellen bei Entziindungen und CFA-induzierter Arthritis zu untersuchen und deren
Sicherheitsaspekte durch akute und subakute Toxizitatsstudien.

Material & Methoden: Die Tiere wurden in acht Gruppen eingeteilt (n = 6). Eupatorium perfoliatum und Crotalus horridus
wurden in verschiedenen Verdiinnungen (C 6, C 12, C30 und C200) tiglich wéihrend des Untersuchungszeitraums von 21
Tagen oral verabreicht. Thre Wirkung auf die Gelenkfunktionsstorung wurde durch Messungen des Gelenkdurchmessers
bei derFreund’s adjuvans (CFA)-Pfotenentziindung bewertet. Dariiber hinaus wurden Entziindungsprofile der verwendeten
homdopathischen Arzneimittel im Carrageenan-induzierten Pfotenddem-Modell untersucht. Akute und subakute Studien wurden
gemal der Richtlinien der OECD 425, 407 durchgefiihrt. Die subakute Toxizitdtsstudie wurde {iber eine Dauer von 28 Tagen
durchgefiihrt, und alle Tiere wurden auf Verhaltensstdrungen hin beobachtet. Am Ende des 28. Tages wurden die Tiere getotet,
um die biochemischen, himatologischen und histopathologischen Schitzungen durchzufiihren.

Ergebnisse: Die Ergebnisse der Studie zeigten, dass durch CFA-Verabreichung bei allen getesteten Tieren eine signifikante (P <0,01)
Zunahme des Gelenkdurchmessers zu verzeichnen war. Die maximale Zunahme des Gelenkdurchmessers wurde am dritten Tag
in allen Behandlungsgruppen beobachtet. Eupatorium perfoliatum C 200brachte am 21. Tag eine signifikante Abnahme des
Gelenkdurchmessers. In einer Carrageenan-Studie zeigten die homdopathischen Arzneimittel eine signifikante Reduktion des
Pfotenddems fiinfStunden nach der Verabreichung von Carrageenan. Die Studie zeigte, dass die entziindungshemmende Aktivitét
von Eupatorium perfoliatum der vonCrotalus horridus tiberlegen war.

Schlussfolgerung: Die Studie ergab, dass Eupatorium perfoliatum und Crotalus horridus in den Verdiinnungen C 6, C 12,C 30
und C 200 sicher und wirksambei der Minimierung von Entziindungen und Arthritis im CFA-induzierten Modell sind.

Indian Journal of Research in Homoeopathy | Volume 13 | Issue 2 | April-June 2019 -




[Downloaded free from http://www.ijrh.org on Friday, April 29, 2022, IP: 14.139.55.162]

Singh, et al.: Attenuation of CFA-induced arthritis by Eup-per and Crot-h

Safety evaluation and attenuation of CFA-induced arthritis by different dilutions of Eupatorium perfoliatum and Crotalus horridus

g‘} EE@@@&W@E ( Eupatorium perfoliatum) FIZFMEEESE ( Crotalus horridus) $fCFARREERAEN B By 22 & MR E R
]

RS

B : AWF9ery B2 EERE £ 2R 5. ( Eupatorium perfoliatum) FIZFARZERE NS ( Crotalus horridus) 1F 3 5ERI
CRAZFEZEREET R A E BRI i E R - a2 e st h e 2 -

MRIEE T © G EY) 5 Fe82H (n=6) © FE21RAVMZEHARY » SRR A EMREEES (6CH > 12CH » 30CHAI1200CH )

AR BRI EE R e - A DUSE TR IR ERIRZEAIRAET R (CFA) IERIEREMRIETERR » AT T M RIS ThAE st
HISZEE o LAN - Y55 S B B2 RS o B 58 43 LRIE BB LG8 SRR - IRIBACE4H4% (OBCD) 425,40745
FAET T2 E ST o oM METZERIE8 K - EIEATA N T BB o FESEREERIT » BRILEI LIS T
EYMEEE ~ MRERFIAH A BREE S TA -

R ITEAERER - 3 ACFATS » Fra HIEREN YR RAET BRI (P<0.01) - 53K > fEFTEaR4HY
BRI B IIER A » fE5E21°K > 5200 CHRYREEN EARBEE BN » 15/ XEEBget - IES A EEy ] (£ 4
N HERBLA SR S/ INF B RV R RERR - tgTiE Y - SRR N PUR VBB A E R -

.Indian Journal of Research in Homoeopathy | Volume 13 | Issue 2 | April-June 2019 117




