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ABSTRACT

Background: To investigate the anti-arthritic potential of ethanolic extract of Aconitum
ferox root (EAF) and isolation of a compound from the active fraction. Materials and
Methods: The EAF obtained from successive solvent extraction was evaluated for
antirheumatic action by complete Freund’s adjuvant (CFA) induced arthritis in adult
Lewis rats (150-200gm) at 10mg/kg dose for prophylactic and therapeutic effect after
acute toxicity study. Paw volume, body weight changes, locomotor activity, hemoglobin
(Hb) count, erythrocyte sedimentation rate, LPO, and SOD levels were assessed in
arthritic animals. These were supported by histological and radiological studies of the
affected joints. Statistical analysis was performed using one way ANOVA followed by
Dunnett’s test. p<0.05 was considered statistically significant. A compound isolated
was characterized by spectroscopic and chromatographic techniques. Results: The
EAF 10mg/kg showed a significant reduction in paw volume (58.32%), body weight,
ESR (8.1-7.5 mm/h), and LPO level (37.5nmol/g). There was a significant increase in
hemoglobin count (13.42g/dl), locomotors activity (92.95%), and SOD level (201U/mg).
The isolated compound after TLC, UV, FTIR, and LCMS analysis was identified as
delphinine. Conclusion: The data shows that EAF has anti-arthritic activity at 10mg/kg,

p.o., and a compound delphinine isolated from it.
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INTRODUCTION

Arthritis  with
inflammatory progressive and autoimmune

theumatism is a chronic

disease with clinical features of pain, limited
movement of joints, and damaged cartilage
with bone erosion.! Globally 1% of the adult
population and about <1% of the Indian
population are affected by Rheumatoid
Arthritis (RA).> An inflammatory reaction,
morphological changes, an abnormal
increase in the number of synovial cells,
inflammation, and damage in joints are the
pathological distinctive features of RA.*
The inflammation in synovial membrane and
injury in the joints are the consequences of
disturbance in the balance between the pro-
inflammatory and anti-inflammatory state in
RA conditions.” The conventional treatment
approaches for RA conditions involves

the strategic use of disease-moditying

anti-rheumatic  drugs (DMARDs) like
sulphasalazine, leflunomide, methotrexate,
non-steroidal  anti-

(NSAIDs)  like

etoricoxib, corticosteroids like prednisolone,

hydroxychloroquine,
inflammatory  drugs
methylprednisolone, immuno-suppressant,
and biological agents. Those are associated
with unavoidable adverse effects.®

Those adverse effects and the high cost
of treatment in musculoskeletal disorders
provoke patients for alternative methods
to get symptomatic relief and this increases
the use of complementary and alternative
medicine.” Thus various clinical diseases are
treated with various medicines of natural
origin especially from plants or herbs and
their exact mechanism of action is still
needs more exploration.® Various treatment
strategies for chronic diseases e.g. RA and
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other inflammatory complications from herbal and
other complementary therapies are well documented.’
Still NSAID?’s are involved in the first line of treatment
for arthritic patients even they are not effective on the
production of inflammatory cytokines whereas they are
inhibiting cyclooxygenases (COXs) and reducing the
generation of prostaglandins.'” Therefore the herbal
medicines, complementary and alternative strategies for
therapeutic benefits in arthritis should be economical,
effective on inflammatory conditions with minimal side
effects and safety evidences.

Vatsanabha (Aconitum ferox), is a poisonous plant mainly
found in the Himalayan region." It has been used in
the traditional system of medicine in China and India.
As per Ayurveda, the herb is considered hot and toxic,
increasing pitta dosha and is prepared in extremely
small doses."? Traditionally the roots after the ayurvedic
shodhan process; the “purified” root tubers are used to
treat various clinical conditions e.g. digestive problems,
colic, gastric disorders, respiratory problems (coughs,
asthma, bronchitis), weak hearts, nasal catarrh, tonsillitis,
sore throat, neuralgia, painful inflammations, leprosy,
skin afflictions, paralysis, fever, cholera, debility, as a
sedative, diaphoretic, gout, diabetes and in rheumatism
(paste form)."? Various ayurvedic formulations contain
Aconitum ferox which are used in different conditions e.g.
Mabamrutynjaya rasa, contain Aconitum ferox, Piper longum
and Piper nigrum. As far as is known the antiarthritic
potential of AF roots was not scientifically validated.
Hence, the present study was carried out with the aim
to experimentally validate the antiarthritic potential of
the fractions obtained from AF in CFA induced arthritic
rats and identification of the compound.

MATERIALS AND METHODS
Plant Material and Extract

The plant was selected on the basis of morphology and
was collected from Vindhya herbals barkheda pathani
Bhopal (M.P) where it is widely used for commercial
purposes. The plant was authenticated from the
Department of Botany at Safia Science College, Bhopal
(M.P) by Dr. Zia Ul Hasan with a voucher Specimen
no. 316/Bot/Safia/12. The roots were cleaned, dried in
the shade; to protect their chemical constituents not to
getting degraded at a high temp. The moderately coarse
powder of the Aconitum ferox roots (80g) was subjected
to defatting with Petroleum ether (40-60°C) dill it gets
completely defatted followed by successive soxhlet
extraction with chloroform, ethyl acetate, ethanol, and
water in increasing polarity of solvents. The solvent was
removed by distillation and the last trace of solvent was
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removed under vacuum by rota-vaccum evaporator. The
extracts obtained were weighed to a constant weight and
percentage w/w basis was calculated and stored in an
airtight container for further use (Table 1)."*"

Instruments and Chemicals

Diclofenac sodium, Freund’s adjuvant was obtained
from Sigma Aldrich Chemical Co., Bengaluru, EDTA
(Merck Laboratories Pvt. Ltd.), DTNB (Tokyo Chemical
Industry Co. Ltd.), Thio-Barbituric Acid, Trichloro
acetic Acid (Sunchem India). All other chemicals used in
the study were of analytical grade.

LC-MS  (6130B  Single = Quadrupole LC/MS
spectrometer, Agilent, US) with electrospray ionization
detection was carried out using an Poroshell 120 C-
reversed phase column (2.1 X 100 mm 1.D., 2.7 pm;
US), Bruker-Alpha II FTIR, Cooling centrifuge
(Remi-electrotechnic limited), UV Spectrophotometer
(Pharmaspecs shimadzu), Actophotometer (Teknik),
Hot plate (Lyzer India), Rotatory Flash Evaporator (IKA
RV10), trinocular microscope, and other instruments
were used.

Phytochemical Analysis

The dried extracts were subjected to phytochemical
analysis for identification of carbohydrates, proteins,
amino acids, fats and oils, steroids, triterpenoids,
glycosides, flavonoids, alkaloids, phenolic compounds,
volatile oil, tannins, and resins using the conventional
protocol (Table 2).'¢"7

Animals

The experiment was carried out on healthy albino
Lewis rats of either sex weighing between 200-250 g
were used for the evaluation of acute oral toxicity test
and anti-arthritic activity. Animals were provided by
the authorized animal house of Sapience Bioanalytical
Research Lab, Bhopal, Madhya Pradesh, India. The
animals were used after an acclimatization period of
10 days in the laboratory environment. The experiment
was approved by the Institutional Animal Ethical
Committee as per the committee for the Purpose of

Table 1: Percentage yield of different extracts of
Aconitum ferox.

Sl. Solvent Color of Extract % Yield w/w
No.

1 Petroleum ether | Yellowish white 11.35

2 Chloroform Yellowish brown 15.59

3 Ethanol Reddish Brown 41.70

4 Water Brownish Black 22.51
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Table 2: Qualitative analysis of different extracts of
Aconitum ferox.

Sl. No. Cl}igtiscal E'::Zr Chloroform | Ethanol | Aqueous
1. Carbohydrates
a.| Molisch test - - - +
b.| Fehlings test - = - +
c.|Benedicts test| - - = -
2. Proteins
a.| Biuret’s test - + + =
b.| Millon’s test - + o -
3. Amino Acids
a.| Ninhydrin test | - | + | = | =
4. Fats and oils
a.| Filter paper + - - o
test
5. Steroids and Triterpenoids
a.| Salkowski + - - o
reaction
b.| Libermann- + - + >
Burchard
reaction
6. Glycosides
a.| Raymonds - - + -
test
b.| Keller-Killani - - = -
test
c.| Foam test - = + o
7. Flavonoids
a.| Shinoda test - - + +
b.| Lead acetate - - + +
test
8. Alkaloids
a.| Dragendorff’'s - + + +
test
b.| Mayer’s test - + + -
c.| Wagner’s test | - + + +
9. Phenolic Compounds
a.| 5% FeCl, - o + +
solution
10. Volatile oil
a.| Sudan red | - | - | o | o
1. Tannins
a.| Vanilline HCL - + - +
b. Gelatin - - - -
12. Resin
a.| Ferric chloride | - + = =
test

‘-’ means negative result, '+ means positive results.
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control and supervision of experiments on animal
guideline. (CPCSEA Reg. no. 1413/PO/a/11). Al
animals were kept in standard cages and maintained at
25°C. Under 12 hr dark/ light cycle. The animals were
fed with standard rat feed and water was given after
specific intervals prior to the experiment animals were
kept for 12 hr fasting,

Acute Oral Toxicity Study and Selection of Doses

An oral dose of EAF was determined through the acute
oral toxicity test in rats at different doses. The dose
level to be used as the starting dose is selected from one
of four fixed levels, 5, 50, 300, and 2000 mg/kg body
weight. The starting dose level should be that which is
most likely to produce mortality in some of the dosed
animals, the use of an additional upper dose level of
5000 mg/kg body weight may be considered. At the
dose of 50 mg/kg there was no mortality rate but above
thatitis, so 1/5"of this dose i.e. 10 mg/kg was selected
for the study."

Induction of arthritis

Arthritis was induced in rats by a single intradermal
injection of 0.1 ml of Complete Freund’s Adjuvant
into the tail base of the rats.” EAF (10mg/kg body
weight, orally) and the reference drug diclofenac sodium
(10mg/kg body weight, orally) were administered for 28
consecutive days (prophylactic treatment) and from the
14" day of CFA injection (Therapeutic treatment).

Experimental Design

Group I served as a control group it received 0.5%
CMC (5ml/kg), Group II serves as Arthritic Control
Group received 1mg/0.1ml of CFA, Group III served as
Standard received Diclofenac sodium 10mg/kg p.o.,”"*!
Group IV and V served as Test groups received
10mg/kg p.o of Aconitum ferox root (AFR) extract for
28 days and 10mg/kg p.o. of Aconitum ferox root extract
for 14 days. The extract was evaluated for antirheumatic
action by complete Freund’s adjuvant (CFA) induced
arthritis in adult Lewis rats (150-200gm) at 10mg/kg
dose for prophylactic and therapeutic effect after acute
toxicity study.

Arthritic Assessment

To follow the course of the disease, swelling of the
hind paw was determined with vernier calipers and body
weight was measured by electronic weighing balance.
The paw volume was petiodically measured on 0%, 7%,
14™ 21 and 28" day (after injection of CFA) thereafter
to confirm the reduction of RA.*
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Hematological Assessment

Hemoglobin (Hb) content was determined in rat blood
by the Sahli’s Hemoglobinometer in pre and post
arthritic conditions. The Hb content of standard drug
and various extract-treated groups were compared with
the control group.

The erythrocyte sedimentation rate (ESR) was also
measured in the blood collected from rats through
otbital puncture on the 7%, 14®, 21* and 28" day
and was determined by the specific method.” The
antioxidant parameters e.g. lipid peroxidation (LPO)
and superoxide dismutase (SOD) was estimated in rat
plasma by enzymatic testing methods.”

Histological Studies

At the end of the study, on the day of 29* the hind limbs
were removed, immediately fixed in 10% formaldehyde.
The tissue was embedded in paraffin blocks and cut
into 4 pm sections of sagittal slices with a microtome.
Sections were then stained with hematoxylin and eosin
(H&E), and morpho-pathological assessment was
performed to evaluate the effect of treatment.

Radiographic Analysis

At the end of the experiment, on the 29" day after
adjuvant injection, hind limbs of the treated and
untreated rats were fixed in 10% formaldehyde and
limbs send to pathology for radiographic assessment of
joint tissues.

Statistical Analysis

All the data expressed as a mean £ SEM (standard error
mean) (six animals per group) were evaluated by one-way
analysis of variance (ANOVA), followed by Dunnett’s
test and values of p<(0.05 (or less) were considered as
statistically significant.

Isolation and Characterization of Phytoconstituent
from Active Fraction

The active alcoholic extract of Aconitum ferox (10g)
was taken for isolation of phytoconstituents from it.
The method followed for the isolate is mentioned in
Figure 1. The conventional method was applied with
slight modification for the isolation of compounds (e.g
alkaloids).” Percentage yield and melting point were
determined. Thin layer chromatographic studies were
also performed for single compound confirmation.
The isolated compound was then undertaken for
spectroscopic studies e.g. UV, FTIR, and LCMS analysis
for characterization.
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Extraction by Soxhlei:\ppamms in alcohol(Approx. 15 hrs.)
Extract concentrated by distillation/ simple heat and concentrated on heating mantle
(Upto100 ml)
Concentrated extract take in to separating funnel and shaken with 0.5% HCI for 5-10 min
Acidic solution (Lower layer) washed with ether (diethylether)
[To remove the residue of alcohol, resins, fatty material]
Acidic layer made alkaline with excess of ammonia (10 mun)
|
Add equal amount of ether and shake it (5 Min)
Alkaloids are Extracted with ether (Upper Layer)
Ethereal Solution is Extracted with Succesin'e small Quantity of 1% HC1 uatil extraction is completed
Combined all acidic solunoui made alkaline with slight excess of ammonia

Alkaline solution 1s gerrl_\' agitated with small amount of ether

Crystalline substance obtamed after evaporating aqueous layer

Figure 1: Isolation from Alcoholic Fraction of Aconitum ferox.

RESULTS

The successive solvent extraction of _Aconitum ferox
roots with increasing polarity of solvents results in
following percentage yields (Table 1). The greater yield
of alcoholic extract reflects the presence of more polar
compounds in the drug,

Preliminary phytochemical screening showed that
petroleum ether extract contains steroids and fats;
chloroform extract contains protein, amino acids,
alkaloids, tannins, resins. Ethanolic extract showed
alkaloids, triterpenoids (steroids), proteins, flavanoids,
and phenolic compounds. Aqueous extracts have shown
the presence of carbohydrates, flavonoids, phenolic
compounds, alkaloids, and tannins (Table 2).

The EAF 10mg/ kg showed remarkable reduction in
paw volume, body weight, ESR and LPO level. There was
a significant increase in hemoglobin count (13.42g/dl),
locomotor activity (110) and SOD level (20 IU/mg).
Later on, the radiological and histological studies
supported the anti-arthritic activity of EAF by showing
lesser abnormalities in the groups when compared to
the groups with arthritis.

Assessment of Paw Volume by using Vernier
Caliper

The measurements of paw volume on day 0, 7%, 14®,
21%, and 28" day of the experiment was done by Vernier
calipers (Figure 2 and 3).

Body Weight

In our study, it is evident from the observations that the
magnitude of weight loss is associated with the extent
of inflammation in joints. The rats with arthritis after
adjuvant injection showed notable weight loss in the 1%
week and normal weight gain in the following weeks.
The group treated with the standard drug and the first
treatment group showed less weight loss (Figure 4).
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Figure 2: CFA induced inflammation in rats.

Eos
E = Control
% 0.6 ® Negative Control
; = Standard
g 04 ™ Treatment 1st
¥ Treatment 2nd
0.2
0
0 day 7 day 14day  21day  28day
Time (days)

Figure 3: Mean change in paw volume using Vernier Caliper.
Values are Mean = S.E.M, 7 = 6 animals in each group. Results are Mean £ SE.M.
ANOVA, Dunnet’s test *#p< 0.001, **»<0.01, *»<0.05 (treated groups Vs arthritic
control group II).

= Control

Weight

# Negative Control
» Standard
® Treatment 1st

® Treatment 2nd

0day 7day 14 day 21 day 28 day

Days

Figure 4: Effect of Aconitum ferox on Animal Body Weight

Changes.
Values are Mean + S.E.M, ANOVA, Dunnett test ¥»<0.05, » = 6 animals in each group.

Assessment of Locomotor Activity

The movement of animals in the Actophotometer was
measured on the 0, 7™, 14", 21* and 28™ day of experi-
ment for the assessment of locomotor activity (Figure 5).

Effect on Hb Count in Adjuvant-induced Arthritis
in Rats

The Hb content measured on 0, 7%, 14" 21% and 28®
day of the experiment showed remarkable elevation in
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® Treatment st
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Figure 5: Evaluation of Locomotor Activity by
Actophotometer.
Results are Mean® S.E.M. ANOVA, Dunnett’s test ¥p<0.05, #» = 6 animals in each group.

= Control

® Negative Control
* Standard

® Treatment Ist

® Treatment 2nd

0day 7 day 14 day 21 day 28 day
Time (days)

Figure 6: Effect of Aconitum ferox on Hemoglobin count.
Values are Mean £ S E.M, ANOVA, Dunnett test ¥»<0.05, » = 6 animals in each group.

Hb content in arthritic rats in comparison with rats of

other groups (Figure 06).
Effect of Aconitum ferox on ESR

A significant reduction in ESR was observed in AF
treated groups when compared to the group treated
with vehicle. The levels of ESR were decreased from
8.1 to 7.5 millimeter per hour (mm/h) in group V and
7.9 to 7.1 (mm/h) in group IV of groups treated with
AL The level of ESR was significantly increased in
group II from 4.2 to 13.84 (Table 3).

Effects of Aconitum feroxon LPO and SOD activity

In the Treatment group SOD level elevated significantly.
Lipid peroxidation was determined in the form of
malondialdehyde (MDA) in liver and was reduced
remarkably. The observed found
statistically significant when compared to the arthritic
control group (Table 4).

reduction was

Radiology studies

In radiological studies, the normal control group
showed no malformations in the ankle joint, whereas
the arthritic joint of negative control showed swelling in
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Table 3: Effect of Aconitum ferox on ESR.

Groups | Day 0 Day 7 Day 14 | Day 21 Day 28
4.6+0.26 | 4.8+0.64 | 4.3+0.53 | 4.5£0.21 | 4.7+0.23

Control

Negative
Control

Standard

4.2+0.28 | 6.3+0.46 | 9.7£0.54 |12.9+0.26 | 13.8+0.15

5.3£0.23 | 5.8+0.21* |6.8+0.46* | 7.1£0.22* | 6.9+0.19*

| o
& N, | -
(a) Normal Control

(b) Negative control (¢) Standard drug

Treatment
15(

Treatment
2nd

4.840.41|5.1+0.46* | 7.9+0.11* | 7.5+£0.27* | 7.1+0.02*

4.9+0.27| 5.3+0.15 |8.1+0.29* | 7.9+0.28* | 7.5+£0.31*

Values are Mean + S.E.M, ANOVA, Dunnett test *p <0.05, n = 6 animals in each
group.

Table 4: Effect of Aconitum ferox on LPO and SOD
activity.

LPO (MDA nmol/gm SOD (IU/ mg
Groups . .
proteins) protein)
Control 28.7 £0.11 272.60 +0.04
Negative control 108.4+0.35 81+0.05
Standard 41.01+0.13* 211+0.03*
Treatment 1¢t 37.5+0.55* 201+0.05*
Treatment 2™ 77.4+0.69* 144+0.09*

Values are Mean + S.E.M, ANOVA, Dunnett test *p <0.05, n = 6 animals in each

group.
‘ ) u
B D. E.

aE
" - 1

Where A. Normal Control, B. Negative Control, C. Standard group, D. Treatment-I, E.
Treatment-II

Figure 7: Radiology of Hind Paw.
Where A. Normal Control, B. Negative Control, C. Standard group, D. Treatment-I,
E. Treatment-11.

soft tissue along with lessening of the joint spaces which
entail the destruction in bones in arthritis (Figure 7A
to E). The group of animals that received the standard
drug showed minor swelling of joints and prevented the
condition of bony destruction. Groups (Treatment 1%
and 2™) showed no bony destruction and no selling of
joints. The group that received more doses of extract
(Treatment I e.g. 10mg/kg for 28 days) has shown lesser
swelling in soft tissues and lessening of joint spaces
when it was compared with the negative control group
and Treatment II (10mg/kg for 14 days). Therefore the
drug has prophylactic and therapeutic potential.

Histopathology of Joints

The examination of histopathological modifications
of the interphalangeal joints in various groups are
demonstrated in Figure 8a to e, the control group
Group I (a) exhibited the histopathological features
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| 4 ~

E

(d) Test Group-I

(e) Test Group-II

A= Control Group, B= Arthritic Control Group, C= Standard Group, D=Treated 1 and
E= Treated 2" Group

Figure 8: Histopathology of joints.
A= Control Group, B= Arthritic Control Group, C= Standard Group, D=Treated 1*
and E= Treated 2™ Group.

of the normal ankle joint. The joints of arthritic rats
of negative control group 1II, exhibited distinguishing
malformations from the normal joint e.g. formation
of edema,
cartilage erosion, bone marrow destruction and huge
accumulation of infiltrated effusions of inflammation
in the articular surface (Figure 8b). The group 11I(c)
was treated with standard drug exhibited lesser cellular
infiltrates and normal bone marrow. The groups treated
with extracts for 28 days e.g. group IV and V (d and ¢)
exhibited lesser signs of inflammation like normal bone
marrow, meager cellular infiltrate and absence of edema
formation. There was significant prevention of the
signs of inflammation on the joints of the rat ankle in
28 days. The groups treated with the drugs not exhibited
any degeneracy of ankle joints when compared with the
negative control.

degeneration associated with partial

Characterization of Compound

A crystalline buff white colored powder 167mg
(0.167% w/w) of 197-199°C melting point was obtained
which was characterized by various chromatographic
and spectroscopic techniques. The isolated compound
in UV spectroscopic analysis has shown A 368nm
indicating the presence of conjugated unsaturation
in the molecule (Figure 10). The compound was buff
white-colored and crystalline, shown single spot in
thin layer chromatographic studies in solvent system
Chloroform: Methanol (20:20:60) with
detecting agent (iodine vapors and dragondorrf’s
reagent) (Figure 9).** The FTIR spectra of isolated
compound shown characteristic bands at 3654.98,
3537.92, 2500.3 (free OH and OH stretch), 3432.41,
3270.77 (NH stretch), 2256.50,2187.91, 2105.87 (-C=C-

Benzene:
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Figure 9: TLC of isolate.
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Figure 11: FTIR Spectra of the Isolate from AF.

stretch), 1710.54 (C=0 stretch, unsaturated conjugated
acid), 1369.81(C-H bending) and 1206.29 (C-O stretch)
(Figure 11). LC-MS spectroscopy showed the molecular
ion peaks at 600.0 that correspond to the molecular
formula, C,;H, NO,. Ton peaks were also observed at m/z
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571.8, 487.5, 393.8, 214.9 (Figure 12,13).

DISCUSSION

The extraction of phytoconstituents by the Soxhlet
method is recommended over other methods of
extraction as it is also a continuous hot percolation
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Figure 12: LCMS Data of isolate from AF.

Figure 13: Delphinine.

method that gives better penetration of solvent in the
plant tissues and separating the constituents from the
matrix by making contact of the fresh solvent with the
cellular matrix in a continuous manner. This suggested
us to select this method for extraction. The successive
solvent extraction method was employed to screen the
compounds from the complex mixture present in the
selected drug part as per the polarity of solvents and
constituents. The constituents get separated as per
their polarity in different solvents which was later on
confirmed by the preliminary phytochemical screening
tests. The test result also suggested the selection
of alcoholic extract for evaluation of anti-arthritic
potential showing the presence of some category of

phyto-constituents may be responsible for the activity.
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After preliminary phytochemical screening tests the
ethanolic extract was taken for evaluation of 7 vzvo anti-
arthritic activity as it has shown the presence of major
phyto-constituents, may be responsible for the anti-
arthritic and anti-inflammatory activities as reported in
previousliteratures (e.g alkaloids, triterpenoids (steroids),
proteins, flavanoids and phenolic compounds).”

Around 1% of the adult population worldwide is
suffering from RA in which the causative factor is not

kn: own 29-30

The evaluation of the uniqueness of the
drugs for treatment of RA in humans can better be
studied in CFA induced arthritis in rats. This model is
useful to assess the anti-inflammatory and anti-arthritic
potential of drugs.” It has various resemblances with
that of RA in humans making it a more suitable model
for the study.”

Swelling in paw is an index of determining the
magnitude of inflammation in CFA induced rats and
reduction in paw swelling indicates the anti-arthritic
activity of numerous drugs.”>*It was used to assess the
activity of AF at the dose of 10 mg/kg per oral. AF
treated groups exhibited significant decrement in paw
volume when correlated with the arthritic control group
and remarkable weight loss. (Figure 2-4).

It also suggests the rapport between the intensity of
inflammation and gain or loss in body weight. (Figure 4).%
The loss in appetite, enormous release of pro-
inflammatory mediators and/or reduced absorption
capacity and free radicals may result in loss of weight

loss.*

This was noticed in the negative control group
of arthritic rats. Recovery of arthritis by evaluating
the augmentation in body weight is an easy tool while
studying in CFA rat models. In present investigations
AF extracts showed protective effect against weight loss
in arthritis.

The remarkable decrease in locomotors counts in CFA-
induced arthritic rats can be a result of the active response
of immunological reactions against the antigens which
invade and the corresponding increase in AF treated
groups showed its immune-modulatory effect.”” The
minor movement of animals in the actophotometer
while studying activity especially in groups with arthritis
maybe a result of rigid joints and joints pain (Figure 5).
Blood examination, like Hb, pack cell volume and
white blood cell count reflects the function of bone
marrow.” The decrease in hemoglobin content is also
a representation of the anemic condition in arthritic
rats, supported by records on akin arthritis-inducing
models. It may be the result of the irregular storage of
iron in the synovial tissue and reticuloendothelial system
(Figure 6).%
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The increasing ESR values are characteristics of chronic
arthritic conditions. As the drug is decreasing the ESR
it is remodeling the health conditions in comparison to
the negative control group (Table 3).

Lipid peroxidation is an important etiological factor for
cell membrane damage, increased levels of MDA and
myeloperoxidase (MPO) results in oxidative damage
of the gut mucosal membrane via lipid peroxidation.*
The polyunsaturated fatty acid founds in the membrane
lipids are the major target of ROS which leads them to
lipid peroxidation causing damage. In our investigations,
we found the increased levels of the end product of
peroxidized lipid decompositions e.g. MDA levels in
arthritic rats. An elevated level of MDA indicates the
production of ROS and our finding was consistent
with the previous reports. In our study, treatment of
arthritic rats with Aconitum ferox resulted in remarkable
cut-backs in plasma concentrations of MDA. The SOD
activity was remarkably decreased in rats with arthritis in
comparison to the animals of the normal control group.
Excessive reactive oxygen species (ROS) generated
could have reduced the SOD, making the synovial fluid
and collagen of the joint more vulnerable to the oxygen
radicals mediated damage in arthritic rats. The treatment
of AF to arthritic rats emanated in the remarkable
increase in SOD activity and reduced the level of LPO
approximately to the normal control group exhibiting
scavenging of ROS or antioxidant potential (Table 4).*
The joint of arthritic rat group Il (negative control)
showed prominent deformities from the joint of the
normal control group e.g. formation of edema, bone
marrow destruction, worsening of cartilage erosion and
considerable intrusion of exudates of inflammation.
The rats treated with the standard drug exhibited less
cellular infiltrate and normal bone marrow. Treatment
with AF for 28 days revealed fewer signs of inflammation
like normal bone marrow, meager cellular infiltrates and
dearth of edema formation, whereas the treatment
for two weeks exhibited lesser cartilage destruction
and cellular infiltrations on the articular surface.” The
drug showed significant avoidance of the signs of
inflammation on joints in four weeks in comparison to
two-week treatments. (Figure 8)

Radiographic modifications are useful diagnostic tools
in arthritic conditions indicating the grimness of the
disease. Swelling in Soft tissues, erosions in bones and
lessening of joint spaces are radiographic signs helping
to assess the earlier or final stages of arthritic conditions
(Figure 7).** Treatment with AF for four weeks has
shown remarkable effect by preventing the destruction
in bones with lesser swelling in soft tissues and lessening
of joint spaces when compared with the Aconitum ferox
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treated group for two weeks. The experimental results
of the study showed that AF extract has an effective
anti-arthritic activity against CFA-induced rheumatoid
arthritis.

The active ethanolic extract was selected for the isolation
of alkaloids from it as the preliminary observations
showed the presence of some valuable phyto-
constituents. The classical approach of alkaloid isolation
as per the peach and Tracey was followed with slight
modification by using less toxic solvents. The treatment
of alcoholic extracts with acid converts alkaloidal bases
into salt and washing with non-polar solvents e.g. ether,
removes the residues of fatty materials or impurities, if
any remains. Alkali treatment to washed portion helps
to liberate the free alkaloidal base which later on can
be extracted in the non-polar solvents e.g. ether. The
reiteration of steps supports better purification and
crystallization of the substance. The compound isolated
from the active fraction of EAF was characterized by
thin layer chromatography, UV, FTIR and LCMS studies
(Figure 9-13). The chemical structure of the compound
was interpreted as delphinine when also compared the

spectra with spectral libraries.**

CONCLUSION

In conclusion, Aconitum ferox at the stated dosage level
of 10 mg/ kg, p.o. exhibited reduction in the volume
of edematous rat paw and it could normalize the
hemoglobin, locomotors and biochemical irregularities
in adjuvant-induced arthritis in both the developing and
developed phases of arthritis induced by CFA. Further,
the radiological and histopathological studies supported
the antiarthritic potential of Aconitum ferox CFA induced
arthritis. A compound delphinine was characterized
from an active fraction.
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ABBREVIATIONS

EAF: Ethanolic extract of Aconitum ferox root; CFA:
Complete Freund’s adjuvant; Hb: Hemoglobin; AF:
Aconitum ferox; LPO: Lipid peroxidase; SOD: Superoxide
dismutase; ANOVA: Analysis of Variance; TLC: Thin
layer chromatography; UV: Ultraviolet Spectroscopy;
FTIR: Fourier Transform Infrared Spectroscopy;
LCMS: Liquid Chromatography Mass Spectroscopy.
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SUMMARY

The ethanolic extract of _Acnitum ferox roots
obtained after successive solvent extraction has
shown significant antiarthritic potential in the CFA
induced arthritic rats. The dose of Aconitum ferox is
critical due to its toxicity.

The histological and radiological studies of the
joint supported the claim.

The AF root extract also significantly affected the
cellular oxidative stress.

A molecule delphinine was isolated from the
ethanolic extract with solvent-solvent extraction
and separation with precipitation technique
utilizing less toxic and commonly available
solvents to prevent any residual solvent toxicity.
TLC, UV, FTIR and LCMS studies helped in the
characterization of the isolated phytoconstituent.
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