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Abstract

Purpose: To evaluate the antioxidant, anti-inflammatory and anti-arthritic effects of the methanol extract
of Tamus communis roots.

Methods: The total phenolic and flavonoid contents were determined using Folin—Ciocalteu’s reagent
and aluminium chloride assays, respectively while the antioxidant capacity was determined using DPPH
and B-carotene/linoleate tests. For anti-inflammatory activity, carrageenan-induced paw edema in rat
was used. Formaldehyde-induced paw edema and adjuvant-induced arthritis in rats were used to
evaluate the anti-arthritic effect of the extract.

Results: The total phenolic and flavonoid contents of T. communis showed 55.2 + 0.036 mg GAE/g dry
weight and 1.191 + 0.002 mg QEqg/g dry weight, respectively while the antioxidant activity (DPPH)
showed a half-maximal inhibitory concentration (ICso of 0.128 * 0.011 mg/mL. Using -
carotene/linoleate assay, the extract showed 88.13 + 4.03 % inhibition. In carrageenan-induced paw
edema in rat, all doses of T. communis did not show inhibition of edema. In contrast, formaldehyde-
induced paw edema decreased at the dose of 150 mg/kg days 2 and 4. However, doses of 300 and 600
mg/kg did not show any activity. In adjuvant-induced arthritis, all used doses caused no reduction in
arthritic scores and in paw thickness except a significant decrease with the dose 150 mg/kg at the last
day.

Conclusion: T. communis extract exhibits high antioxidant activity related to the phenolic compound
contents. However, the results of the anti-inflammatory and anti-arthritic studies did not support its use
in folk medicine in the treatment of rheumatic ailment except on low doses
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INTRODUCTION

defences that neutralize the harmful effects of

and other reactive oxygen species (ROS)
The human body has a complex system of produced in living organisms caused many
natural enzymatic and non-enzymatic antioxidant diseases including cancer, cardiovascular
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free radicals and other oxidants [1]. Free radicals

diseases, cataracts, asthma, hepatitis, liver injury
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and immunodeficiency diseases [2]. Studies on
medicinal plants have indicated the presence of
antioxidants such as phenolics, flavonoids,
tannins, and proanthocyanidins. The ingestion of
natural antioxidants has been inversely
associated with morbidity and mortality from
degenerative  disorders  [3].  Inflammatory
processes lead to tissue injury in autoimmune
diseases and other inflammatory conditions.
Rheumatoid arthritis (RA) is a multi-factorial

chronic inflammatory disease [4]. Currently
available drugs for treatment of rheumatoid
arthritis include analgesics, steroids, non-
steroidal anti-inflammatory drugs (NSAIDs),

disease-modifying anti-rheumatic drugs
(DMARDs) and immunosuppressive agents,
which have potential side effects such as
gastrointestinal tract, blood cell count, hair and
immune system. As a result, new drugs that offer
effective treatment with less side effects and
relatively cheaper are needed. Thus, natural
phytochemicals could serve as a better
alternative strategy for the effective treatment of
rheumatoid arthritis [5].

Tamus communis L. (Dioscoreaceae), called El-
Karma Saouda, is a herbal species widely
distributed in northern Algeria and used in
traditional medicine to reduce inflammatory pain.
Rhizomes and berries have been reported to be
used to treat rheumatism, arthrosis, lumbago and
dermatosis [6].

The objectives of this study were planned to
evaluate in vitro antioxidant activity and in vivo
anti-inflammatory and anti-arthritic activities in
animal models of the methanol extract of T.
communis roots.

EXPERIMENTAL
Plant material

The roots of T. communis were collected from
Bougaa, Setif, northeast of Algeria, and
authenticated by B. Oudjhih, University Batna,
Algeria. Roots were cut into pieces, air-dried and
powdered. The ground material (2 kg) was
extracted with 10 L of methanol for one week at
room temperature. The extract was filtered
through Whatman filter paper to obtain particle
free extract. The extract was pooled and
concentrated and dried under vacuum in a
rotavapor. Finally, the extract was kept at 4°C
until use [7].

Animals

Adult female Wistar albino rats weighing 150 —
170 g and female Swiss albino mice weighing 25

— 30 g, purchased from ‘Institut Pasteur
d’Algérie’, Algiers, were used for the study. The
animals were housed in the clean plastic cages
and maintained under standard laboratory
conditions (temperature, 20 — 22°C; relative
humidity, 50 — 70 %, and 12/12 h light/ dark
cycle). Water and feed were freely available. The
animals were acclimatized (laboratory conditions)
for one week prior to the experiment. The
experiments were conducted in accordance with
the internationally acceptable guidelines for
evaluation the safety and efficacy of herbal
medicines [8].

Acute toxicity study

Acute toxicity test was performed according to
the organization for economic corporation and
development (OECD-423) guidelines [8], with
slight modifications. Three adult mice were
fasting overnight with free access to water. After
that, T. communis extract was orally
administered at a dose of 5 mg/kg body weight.
The mortality was observed for three days. If two
or three animals died, the dose administered is
considered as toxic. However, if only one mouse
died, the experiment was repeated to confirm the
toxicity. If no mortality was observed, higher
doses 50, 300 and 2000 mg/kg body weight were
investigated. Animals were observed for toxic
symptoms such as behaviour, body weight
changes, locomotion and mortality during 14
days.

and

Determination of total

flavonoids

polyphenols

Total phenolic in the methanol extract of T.
communis was determined using Folin—Ciocalteu
reagent, according to Boussoualim et al. [9].
Briefly, 0.1 mL of sample or standard (dissolved
in methanol or distilled water) was mixed with 0.5
ml of Folin-Ciocalteu reagent (diluted to 1/10).
After 4 min, 0.4 ml of 7.5% Na,CO3 solution was
added. The final mixture was shaken, incubated
for 90 min. in dark at room temperature and then
the absorbance was measured
spectrophotometrically  (thermo  spectronic,
Helios Epsilon, USA) at 765 nm. The results
were expressed in mg Gallic acid equivalent
(GAE)/g of dry weight of dry powder.

Total flavonoids content of the extract were
determined using the aluminium chloride
colorimetric method. Quercetin was used as a
standard. One ml of diluted sample (in methanol)
was mixed with 1 ml of 2% aluminium chloride in
methanol. After incubation at room temperature
for 10 min, the absorbance of the mixture was
measured at 430 nm and flavonoids are
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expressed as mg quercetin equivalent (Q-Eq)/g
of dry powder [9].

DPPH scavenging assay

The free radical scavenging activity against
DPPH radical was measured using the method
described by Aouachria et al [7]. A volume of 50
pl of different dilutions of the extract was added
to 1250 uL of 4% solution DPPH dissolved in
methanol. After an incubation period of 30 min in
dark at room temperature, the absorbance was
read at 517 nm. Butylated hydroxytoluene (BHT)
was used as standard. The ability to scavenge
the DPPH radical was calculated by using the
following equation:

Scavenging effect % = 100x (Ac—As)/Ac

where Ac: control absorbance and As:
absorbance in the presence of extracts. The ICsg
values (the concentration required to scavenge
50% DPPH free radicals) were calculated.

B-Carotene bleaching assay

The p-Carotene bleaching assay was conducted
according to Aouachria et al [7] by measuring the
inhibition of hydroperoxides formed from linoleic
acid oxidation. A stock solution of f-
carotene/linoleic acid mixture was prepared as
follows: 0.5 mg -carotene was dissolved in 1mL
of chloroform, and then 25 L linoleic acid and
200 mg Tween 40 were added in the flask. The
chloroform was completely evaporated under
vacuum in a rotavapor at 40 °C. A volume of 100
mL of distilled water saturated with oxygen was
added with vigorous shaking to form emulsion.
Extract prepared in methanol (350 pL) at a
concentration of 2 mg/mL, was added to 2500 pL
of reaction mixture. The absorbance of the
mixture was measured at 470 nm after O, 1, 2, 4,
6, 12, 24 and 48h of incubation. BHT was used
as a positive standard. The rate of bleaching of
B-carotene was calculated as antioxidant activity
(AA) and calculated using Eq 1.

AA = (AJA)100 ........... 1)

where A; absorbance in time t

absorbance in time 0.

and Ao

Carrageenan-induced paw edema in rats

Five groups of adults rats (h = 5 in each group)
received plant extract (150, 300, 600 mg/kg),
Diclofenac (10 mg/kg) or aqueous solution
(vehicle control). Acute inflammation was
induced by injection of 0.1 mL of Carrageenan (k
carrageenan, Type IV, Sigma), 1% (w/v) in NaCl

0.9 % into the subplantar region of the right paw
under moderate anesthesia [10]. The thickness
of the paws was measured before and hourly
after carrageenan injection using a digital calliper
for 6 h. The drugs were administered orally at 1 h
before carrageenan injection. The percentage
swelling of the paws was calculated following Eq
2:

% increase in paw thickness = 100 x (D;-Do)/Dg

............ )

where Dy and D, are the paw thickness before
and at t time of the induction of the edema,
respectively

Induction of arthritis by formaldehyde

Arthritis syndrome was produced by the method
of Akindele and Adeyemi [11] with slight
modifications. Chronic phase of inflammation
was induced in rats by subcutaneous injection of
0.1 mL (2.5 % v/v in normal saline) formaldehyde
solution into the sub-plantar region of right hind
paw of Wistar albino rats on first and third day of
the experiment. The rats were divided into five
groups (n = 5 in each group) as follows: group I:
was the vehicle control which received aqueous
solution, group II: received aspirin 150 mg/kg,
and groups lll, IV and V: received 150, 300 and
600 mg/kg of T. communis extract, respectively.
Rats of all groups were orally treated one hour
before injection of formaldehyde, and then daily
for 10 days. The paw thicknesses of rats were
measured on days 0, 2, 4, 6, 8 and 10 using a
digital calliper. The mean percent increase or
decrease in paw thickness for each treatment
was calculated.

Adjuvant-induced arthritis (AlA)

Arthritis  was induced according to method
described earlier [12], by subplantar injection of
0.1 mL of complete Freund's adjuvant (CFA) in
the right hind paw of rats subjected to light
diethyl ether anaesthesia.

Six groups of 6 rats each were subjected to
different treatments as follows: Group I: non-
arthritic healthy rats: received aqueous solution,
group IlI: rats with AIA and received aqueous
solution, group IlI: rats with AIA and received
diclofenac (3 mg/kg) and groups IV, V and VI:
rats with AIA and treated with T. communis
extract 150, 300 and 600 mg/kg, respectively.
After AIA induction, the treatments were
intragastrically administered once per day
consecutively for 28 days. Anti-arthritic activity of
T. Communis was evaluated by following
parameters arthritic score, joint diameter and
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body weight just before immunization and on
days 4, 8, 12, 16, 20, 24, and day 28.

Evaluation of hind paw swelling

In order to evaluate the progression of AlA, the
thickness of the right hind paws of all animals
was measured just before immunization(day 0)
and thereafter continued every four days till day
28 using a digital calliper to measure ankle
(tibiotarsal) joint width [13]. The mean percent
increase in paw thickness was calculated.

Assessment of arthritis scores

The rats were evaluated every four days for
signs of arthritis between days 8 and 28 following
immunization using a well-established, widely
used scoring system developed to assess the
severity of AIA. The severity of arthritis was
assessed by erythema and swelling using a 4-
points / leg scale: 0 = no sign of disease; 1 =
paws with swelling of the fingers; 2 = paws with
slight swelling of the ankle or wrist joints; 3 =
paws with severe swelling and erythema; and 4 =
paws with deformity or ankylosis [14]. The total
score of each animal was calculated as the
arthritis index, with a possible maximum score of
8 (4 points x 2 hind legs).

Spleen index determination

The spleen of all rats was removed after the
sacrifice of the animals, and then weighed
immediately. Spleen index was expressed as the
ratio (mg/g) of spleen wet weight versus body
weight [15].

Statistical analysis

The results are expressed as mean = SD (in
vitro) and as mean + SEM (in vivo). Statistical
analysis was done by means of the GraphPad
Prism Software (version 7.0). Data were
analyzed using Student's t test and one-way
analysis of variance (ANOVA), followed by
Dunnett test for multiple comparison. The
differences were considered to be significant at p
< 0.05.

RESULTS
Total polyphenol and flavonoid contents

The methanol extract of T. communis showed a
yield of 9.9%. Total phenolic content was 55.2 +
0.036 mg GAE/g of dry weight and a total
flavonoids content was 1.191 + 0.002 mg Q-Eq/g
of dry powder dry weight.

DPPH scavenging assay

The methanol extract of T. communis showed an
ICso value of 0.128 + 0.011 mg/mL. For
comparison, BHT showed an ICs, value of 0.087
+ 0.001mg/mL.

B-Carotene bleaching assay

Results in figure 1 showed the inhibition of (-
carotene oxidation in the presence of 2 mg/ml of
the extract or reference antioxidant (BHT) after
24 h of incubation. T. communis exhibited high
antioxidant activity (88.13 + 4.03%), which was
near to that of BHT (99.01 + 1.32%) used as
positive control. The results indicate that Tamus
communis demonstrated a significant (p < 0.001)
increase in activity compared to negative control
(MeOH).

100

Inhibition {%)
s

i

" i

BHT TC HzO MeOH

Figure 1: Antioxidant activities of T. communis extract
(2 mg/mL at 24 h of incubation) measured by B-
carotene bleaching method. Values are means + SD
(n = 3). **p < 0.001, compared to negative control
(MeOH)

Acute toxicity

All doses of T. communis extract studied do not
show any toxic symptoms or mortality. Therefore,
three doses (150, 300 and 600 mg/kg body
weight) were selected for the biological
evaluation.

Carrageenan-induced paw edema in rats

Results showed that in control animals, the
injection of carrageenan produced a local edema
that increased progressively (31.55 £ 4.07 %,
49.44 + 6.38 %, 61.97 + 5.37 % and 71.68 + 3.55
% after 1, 2, 3 and 4 h, respectively) to reach a
maximal after 5 h (82.20 £ 3.04 %), (Figure 2).
The oral administration of diclofenac (10 mg/kg)
significantly inhibited inflammatory response in
rats when compared to the control rats (p <
0.001) at 3 h of treatment until 6 h (p < 0.01).
Rats treated with T. communis (150, 300 and
600 mg/kg) failed to produce any significant
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decrease in paw edema when compared to
control rats.

150+

100+

o
(=]
n

Increase in paw thickness (%)

Time (h)

Figure 2: Effect of various doses of T. communis
(TC) on carrageenan-induced paw edema. -e-,
control; -e-, diclofenac; -V-, TC (150 mg/kg); --,
TC (300 mg/kg); -O-, TC (600 mg/kg). Edema
was monitored at 1 h intervals over 6 h as
increase percentage in paw thickness. Data are
presented as mean + SEM (n = 5). ***p < 0.001
and ** p < 0.01 when compared with control rats.

Formaldehyde-induced arthritis

The effect of T. communis methanol extract on
formaldehyde-induced paw edema is shown in
figure 3. Subplanter injection of formaldehyde
(0.1 mL) on day 1 and 3 to the rat hind paw led to
increase in paw thickness. In the control group,
the maximum increase in paw thickness are
7429 + 7.00% and then starts decreasing.
Aspirin significantly suppressed the joint swelling
when compared with arthritic control between
day 4 (p < 0.001) and day 10 (p < 0.05), after
formaldehyde treatment when compared to the
control. The group treated with T. communis
(150mg/kg) showed significant reduction in paw
thickness only on day 2 (p < 0.01) and day 4 (p <
0.05). However, the group treated with T.
communis 300 and 600 mg/kg did not show any
significant reduction in paw thickness.

Adjuvant-induced arthritis
Effect of T. communis extract on body weight

The mean change in the body weight is shown in
Figure 4. In comparison to AlA group, the normal
rats exhibited increases in body weight up to day
8 (p < 0.001). The groups treated with T.
communis extract and diclofenac did not show
any significant increase in body weight.

100

Increase in paw thickness (%)

Time (days)

Figure 3. Effect of various doses of T.
Communis (TC) on formaldehyde-induced paw
edema. -e-, control; -e-, aspirin; -V-, TC (150
mg/kg); -00-, TC (300 mg/kg); -O-, TC (600
mg/kg). Data are presented as mean + SEM. (n
= 5). ***p < 0.001, **p < 0.01 and * p < 0.05.
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Figure 4: Effect of various doses of T. communis
(TC) on body weight changes in adjuvant-
induced arthritis. -A-, AlA; -m-, normal; -e-,
diclofenac; -0-, TC (150 mg/kg); -[-, TC (300
mg/kg); ..0.., TC (600 mg/kg). The weight
increase was calculated as follows: A (g) =
weight (day 8, 16, 24, 28) — initial weight (day 0).
Data is presented as mean = SEM. (n = 6). ***p <
0.001 when compared to AlA rats

Effect of T. communis extract on hind paw
swelling

The administration of FCA into the subplantar
region induced arthritis and increased the paw
volume observed from the day 4 until the end of
the study (Figure 5). The diclofenac-treated
group showed significant (p < 0.01) reduction in
paw volume from the day 16 after immunization
(3.94 + 5.22 %) to the day 28 (35.67 + 6.34%)
when compared with AIA group (74.36 £ 13.17%
and 89.15 + 11.25%, respectively). The animals
treated with T. communis extract (150 mg/kg)
showed significant improvement in joint swelling
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(p <0.01) on 28" day, whereas, the rest of doses
did not show any effect.

1004
804
60+

40

Increase In paw volume (% )

20

1] 4 8 12 16 20 24 28
Time (days)

Figure 5: Effect of various doses of T. communis
(TC) on ankle diameter in adjuvant induced
arthritis. -A-, AlA; -m-, normal; - ¢-, diclofenac; -0-,
TC (150 mg/kg); -[-, TC (300 mg/kg); -o-, TC
(600 mg/kg). Data are presented as mean +
SEM. (n = 6). **p < 0.001, *p < 0.0l and * p <
0.05 when compared with AIA rats

Effect of T. communis on arthritis scores

To assess the severity of arthritis, arthritis scores
were evaluated. The normal rats presented no
swelling. The total arthritis score in AIA group
was increased on dayl2 after induction of
arthritis. The peak incidence occurred on day 20
after immunization. Treatment with diclofenac (3
mg/kg) significantly (p < 0.01) suppressed
swelling on day 12 to the day 28 (p < 0.001)
when compared with AIA group. However,
groups treated with T. communis (150, 300 and
600 mg/kg) slowly decreased the swelling when
compared to the AIA group (Figure 6).

5

arthritis scores

- "
8 12 16 20 24 28

Time (days)

Figure 6: Effect of various doses of T. communis
on arthritis scores in adjuvant-induced arthritis. -
A-, AlA; -m-, normal; -¢-, diclofenac; -0-, TC (150
mg/kg); -[-, TC (300 mg/kg); -o-, TC (600
mg/kg). Data are presented as mean + SEM. (n
= 6). *™p < 0.001 and * p < 0.01 when
compared with AlA rats

Evaluation of T. communis effect on spleen
index

The spleen index is associated with
immunological functions. It was determined on
day 28 after FCA injection. The results showed
that the spleen index of the AIA group was
increased compared with normal group (Figure
7). Rats treated with diclofenac (3 mg/kg)
showed mild decrease in the spleen index.
Moreover, administration of T. communis extract
(150, 300 and 600 mg/kg) showed no significant
effect on the spleen index when compared with
AlA group.
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Figure 7: Effect of various doses of T. communis (TC)
on the spleen indices in adjuvant induced arthritis
(mg/kg body weight). Data are presented as mean +
SEM (n = 6). **p < 0.01 compared with AlA rats

DISCUSSION

Phenols and polyphenolic compounds, such as
flavonoids, are widely present in plant-derived
food products and they have been shown to
possess significant antioxidant activities [16]. In
the present study, the total phenolic and
flavonoid contents of T. communis were 55.2 +
0.036 mg GAE/g and 1.191 + 0.002 mg QE/qg,
respectively. In previous reports, total phenolic
and flavonoid contents in T. communis methanol
extract were found 26.55 + 3.93 mg AGE/g and
10.2 + 0.1 mg QE/g, respectively [17].
Differences in the amounts of these compounds
could be due to the season of the collection of
the plants.

The DPPH scavenging assay is based on
donating protons of antioxidants to neutralize
DPPH radical. The reaction is accompanied by
colour change of the DPPH measured at 517 nm,
and the discolouration serves as an indicator of
the antioxidant efficacy [18]. In the present study,
BHT (0.087 + 0.001 mg/mL) showed better
scavenging activity than the T. communis extract
(0.128 £ 0.011 mg/mL). It was evident that the
extract showed good free radical scavenging
activity to act as antioxidant. The antioxidant
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activity might be due to the presence of poly
phenols in the T. communis extract.

In the B-Carotene bleaching assay, T. communis
exhibited marked antioxidant activity, comparable
to that of BHT. This result indicates that the
extract had acted as an effective antioxidant in a
B-carotene linoleic acid model system. It has
been reported that phenolic compounds are the
main class of natural antioxidants and there is a
close positive correlation between the phenolic
content and antioxidant activity of plant extracts
[19].

Carrageenan-induced rat paw edema assay is
accepted as useful phlogistic tool for the study of
new anti-inflammatory drugs [20]. In this study
diclofenac showed the inhibition of rat paw
edema from 3 h until 6 h of experiment.
However, rats treated with T. communis extract
(150, 300 and 600 mg/kg) did not show inhibition
of rat paw edema. In a previous study, neither
aqueous nor ethanol extracts prepared from
roots of T. communis showed any remarkable
anti-inflammatory activity in carrageenan-induced
paw edema in mice [21]. Therefore, these results
confirmthat T. communis had not anti-
inflammatory activity in carrageenan-induced
paw edema assay.

Formaldehyde-induced paw edema is the model
used for chronic inflammation. It is very similar to
arthritis and is used to screen anti-arthritic and
anti-inflammatory agents [22]. In the current
study, aspirin exhibited inhibitions of the rat hind
paw edema. T. communis extract at dose of 150
mg/kg showed inhibition of rat paw edema only
on 2" and 4" day. However, the extract at doses
of 300 and 600 mg/kg did not show any
remarkable anti-inflammatory activity.

Adjuvant-induced arthritis by complete Freund’s
adjuvant is known to simulate the immunological
and biochemical features of rheumatoid arthritis
[23]. Limb swelling, inflammatory cell infiltration,
proliferative synovitis and the bone and cartilage
erosion are clinical signs common of human
arthritis and adjuvant-induced arthritis rat. Owing
to this similarity in pathologic features, adjuvant-
induced arthritis rat is a model of rheumatoid
arthritis widely used in evaluating the efficacy of
anti-inflammatory drugs [24]. In adjuvant induced
arthritis, paw swelling and arthritic scores are
parameters of measuring the anti-arthritic activity
of various tested drugs and used here to
evaluate the activity of T. communis extract.
Treatment with T. communis extract revealed
that only the dose 150 mg/kg exhibits a
significant decrease in the paw thickness on day
28. In addition, the groups treated with T.

communis extract did not show significant
increases in body weight when compared with
the AIA model group. The increase in spleen
weight of AIA rats has been reported to be
associated with splenomegaly, generalized
lymphadenopathy and altered hepatic function
[25]. In this study, administration of T. communis
extract (150, 300 and 600 mg/kg) showed no
significant decrease in the spleen index.

CONCLUSION

Total phenolic and flavonoid contents, free
radical scavenging activity and inhibition of (-
carotene bleaching show that the methanol
extract of T. communis exhibits antioxidant
activity. The antioxidant activities of the extract
can be ascribed to the phenolic compounds.
However, the results of in vivo studies reveal that
the extract of T. communis does not show anti-
inflammatory and anti-arthritic effects in animal
models. Hence, these results did not support its
use in the traditional system of medicine against
rheumatoid arthritis in Algeria.
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