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Inflammatory diseases remain a significant public health issue, posing challenges in
their management due to the adverse effects associated with conventional anti-
inflammatory drugs. Exploring medicinal plants as a viable avenue for researching
novel anti-inflammatory drugs offers a promising alternative. Jatropha multifida L. is a
well-known traditional plant of the Euphorbiaceae family with undisputed medicinal
properties, both haemostatic and antimicrobial. Very little data exists on its anti-
inflammatory properties. This study aimed to assess the anti-inflammatory and
immunomodulatory properties of J. multifida stem sap. The anti-inflammatory activity
of the stem sap was evaluated in vitro by the anti-hemolytic activity assessment method,
in vivo by the paw edema test in rats. The immunomodulatory potential was determined
Jatropha multifidi using a chemical mediator of inflammation, TNFa. Its antioxidant activity by the DPPH
Anti-inflammatory method was evaluated. The results of this study revealed that J. multifida sap with an
Rat LCso of 0.604 mg/mL, is non-toxic and showed a 66.21% higher anti-hemolytic effect
TNFa than Diclofenac (25.94%) and Ibuprofen (40%). It also has a high DPPH inhibitory
power (86.61%) at 0.5 mg/mL similar to that of vitamin C. Sap at the concentration of
800 mg/Kg has overall the same effects on paw inflammation as Diclofenac and results
in a greater decrease in TNFa (286.15) at values similar to those of normal control rats.
The therapeutic use of this sap in a traditional setting is therefore once again justified
due to its proven anti-inflammatory and immunomodulatory properties.
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INTRODUCTION beneficial in the treatment of inflammatory disorders
Inflammation is a response triggered by the organism  [1].

after tissue damage, stress, or infection, aimed at
restoring its morphological and biological parameters
[1]. As such, it involves a cascade of reactions from
effector cells, plasma, and cellular mediators to
regulate the inflammatory site and eliminate debris in
the acute phase [2]. If resolution of the acute phase
fails, it transitions into the chronic phase. Chronic
inflammation is often associated with the
development of various conditions, including
diabetes, obesity, osteoarthritis, and rheumatic fever
[3, 4]. The use of anti-inflammatory agents can be

Non-steroidal anti-inflammatory drugs are widely
prescribed due to their effectiveness against
inflammation and infection [5]. These drugs inhibit
the action of cyclooxygenase-1 (COX1), responsible
for the synthesis of prostaglandins, the main chemical
mediators of inflammation. However, their long-term
therapeutic use is often associated with adverse
effects such as epigastric distress, gastric ulceration,
osteoporosis, and iatrogenic Cushing's syndrome [6].
Additionally, the difficulty of access linked to their
cost has sparked interest in homeopathic solutions
using plants for the treatment of inflammation, relying
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on natural molecules that are effective and free of
adverse effects. Traditional African medicine is
generally the primary therapeutic option for meeting
primary health care needs in Africa due to its
affordability, accessibility, cultural and spiritual
acceptance, and knowledge of its preparations and
products [7, 8]. The efficacy of compounds derived
from medicinal plants is increasingly reported
worldwide, leading to a growing interest in their
ability to treat and manage various diseases [9].
Several studies in Africa have demonstrated the anti-
inflammatory activities of various medicinal plants
from different geographical regions, each exhibiting
unique modes of action [2].

Known to the public as an ornamental species [10],
Jatropha multifida L. is a plant of the Euphorbiaceae
family and its therapeutic use is justified by its
multiple pharmacological properties, particularly its
haemostatic and antibacterial effects [11]. Previous
studies have confirmed the hemostatic and
antibacterial properties of the plant's sap [12, 13].
Results of these studies revealed a mechanism of
action independent of classical coagulation factors
and demonstrated bactericidal activity. J. multifida
has various therapeutic uses and is not limited to the
Beninese pharmacopoeia. The stem sap of J. multifida
widely used as a curative product with proven
effectiveness [14], has never been studied for its anti-
inflammatory properties. Anti-inflammatory
properties have only been evaluated on its leaves in
Togo [15, 16] and its roots in Nigeria [17]. The aim of
the present study was to evaluate the in vitro and in
vivo anti-inflammatory and immunomodulatory
properties of J. multifida stem sap.

MATERIELS AND METHODS

Ethical Consideration

The experimental design was approved by the Ethical
Committee of the Research Unit in Applied
Microbiology and Pharmacology of natural
substances at the University of Abomey-Calavi in
Benin (Approval Number:
0025/2018/CE/JURMAPha/UAC). All experiments
were conducted in accordance with the guidelines for
the care and use of laboratory animals established by
the National Institute of Health (NIH).

Plant Material

It consists of the stem sap of J. multifida, directly
collected in sterile plastic collection tubes after foliar
cleavage of the plant, following the technique

indicated by Klotoé et al. [14]. The samples were then
stored in a refrigerator at 4 °C.

Animal Equipment

It consists of male Wistar albino rats aged 16-20
weeks and weighs between 200 g and 250 g. They
were kept in the URMAPha animal facility at a
constant temperature of 22 + 1 °C with a cycle of 12
hours in the light and 12 hours in the dark. They had
free access to food and water.

In vitro Anti-inflammatory Activity

Sap membrane stabilisation activity was assessed
using the method described by several authors [18,
19]. Diclofenac (reference) and stem sap of J.
multifida were concentrated at 2.5 mg/mL. A 2%
(v/v) red cell suspension in physiological water was
prepared from fresh bovine blood erythrocytes. The
stability of the membrane was expressed as a
percentage according to the following formula:

(DO tested drug — DO control drug) * 100
a DO control hematopoietic
Legend: Hematopoietic control OD corresponding to 100%
lysis or 0% stability.

100

In vivo Anti-inflammatory Activity

The in vivo anti-inflammatory activity of the sap was
assessed in adult Wistar albino rats. Rats of similar
weight were divided into five batches, each
comprising four rats. The batches were treated as
follows: batch 1 served as the negative control (no
induction of inflammation), batch 2 as the positive
control  (induction of inflammation  without
treatment), batch 3 as the reference batch (induction
of inflammation with diclofenac treatment), and
batches 4 and 5 as the test batches (induction of
inflammation with sap treatment at concentrations of
400 and 800 mg/mL). Treatment was administered
one hour prior to inflammation induction, achieved by
injecting 0.05 ml of a 2% formalin solution under the
plantar pad of the right hind paw [20].

The progression of inflammation was assessed based
on morphological and immunological parameters.
Morphological data were gathered by measuring the
circumference (Co) of the right hind leg using a
digital display plethysmometer before inducing
inflammation and one hour afterward, over a four-
hour period. Immunological parameters were
determined by assaying TNFa, a pro-inflammatory
mediator, before inflammation induction and again
five hours later [21].
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Fig. 3 Membrane stabilization of J. multifida sap and
reference drugs

Antioxidant Activity at DPPH (2,2 diphenyl 1-
picrylhydrazyl)

The test was carried out according to the methodology
described by Trabsa [22]. In this test, antioxidants

25

Fah et al.
reduce diphenyl picrylhydrazyl to a yellow
compound, with the intensity being inversely

proportional to the proton-donating capacity of the
antioxidants in the medium. The anti-free radical
activity is determined using the following equation:
Percentage of inhibition = [(Ac — At) / Ac] x 100.

The ICso represents the concentration of the test
sample required to reduce 50% of the DPPH radical.
The ICso values are calculated graphically through
linear regressions of plotted graphs, showing the
percentage of inhibition as a function of different
concentrations of the tested sample

Right hind leg of
Wistar rat with
oedema

Left hind leg of
Wistar rat without
oedema

Fig. 4 Image of the rat paw after induction of inflammation

Toxicity Test

The toxic effect of the stem sap of J. multifida was
evaluated using Artemia salina larvae (ARTEMIO
JBL GmbH D-67141 Neuhofem) as described by
Nguta et al. [23]. Artemia salina larvae were obtained
by hatching 10 mg of eggs placed under continuous
agitation in 1 L of seawater for 72 hours. A half serial
dilution was made from stem sap of J. multifida
concentrated to 20 mg/mL (determined by the
quantitative measurement method using the mass and
volume of the sap). To 1 mL of each of these
dilutions, contained in haemolysis tubes, was added 1
mL of seawater containing 16 live larvae counted
using a 1000 pL micropipette. The concentration
range tested was 10 mg/mL to 0.02 mg/mL. A control
solution without sap was prepared under the same
conditions. All solutions were incubated under
agitation for 24 hours. From the number of dead
larvae counted under an optical microscope, a curve
representing the number of surviving larvae as a
function of the different sap concentrations was
generated. The LCso was determined from the
regression line obtained on the curve representing the
number of surviving larvae as a function of the
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concentration of the extract. Each test was performed
in duplicate

Statistical Analysis

The statistical analyses were conducted using SPSS
version 17 software. Mean and standard deviations
were calculated for each parameter. The results of the
test batches were compared with those of the control
batch using the paired samples t-test. For the
assessment of in vivo anti-inflammatory activity, a
univariate analysis of variance was employed to
compare the paw diameters of different batches of rats
over time. Student's t-test was utilized to compare
TNFa means. A significance level of a = 0.05 was
established for all statistical tests employed.

RESULTS

Larval Toxicity

Based on the trend curve illustrating the number of
deceased larvae in relation to sap concentration, it can
be inferred that larval mortality follows a dose-
response relationship. The quantity of surviving
larvae is thus dependent on the sap concentration. The
sap concentration resulting in the demise of half (8) of
the 16 initially introduced larvae (LCs), as
determined by the regression equation Y= aX + b, is
presented in the following Figure 1. The LCsy of J.
multifida sap is 0.604 mg/mL. This value is higher
than 0.1 mg/mL and allows us to conclude according
to the Mousseux scale that J. multifida sap is not
toxic.

Antioxydant Activity of DPPH

The antioxidant activity of the sap was investigated
by assessing the inhibitory potency of J. multifida
stem sap at various concentrations. Figure 2 illustrates
the percentage of DPPH inhibition relative to the
concentrations of J. multifida stem sap. The graph
indicates a rise in free radical inhibition with
increasing sap concentration in the medium, reaching
a maximum threshold of 86.61% at 0.5 mg/mL. The
determined ICsp is 0.102 mg/mL, a value comparable
to the LCso of vitamin C, which was employed as a
reference molecule.

Anti-inflammatory Activity in vitro

Red Cell Membrane Stability Test
The results of the red cell membrane stabilization test
are depicted in Figure 3. Analysis of the figure reveals

that the anti-hemolytic activity of the reference drugs
and the sap varies with the volume of these
substances in the medium, reaching its maximum
threshold at a volume of 1 mL. Specifically,
Diclofenac (2.5 mg/mL) and Ibuprofen (2.5 mg/mL)
exhibit anti-hemolytic effects of 25.94% and 40%,
respectively. J. multifida sap demonstrates a
noteworthy anti-hemolytic effect, surpassing that of
the two reference drugs, starting at a volume of 0.6
mL (40%) and peaking at 1 mL (66.21%). A
comparative analysis of the sap and the two reference
drugs indicates that the sap achieves a higher
inhibition of hemolysis than that obtained with
Diclofenac and Ibuprofen at the volumes tested
(Figure 3)

Effect of J. multifida sap on
Inflammation in Rats

The in vivo anti-inflammatory effect of J. multifida
sap in rats was initially evaluated by observing the
impact of sap treatment on paw diameter following
the induction of inflammation. Figure 6 depicts an
image of the rat paw taken after the induction of
inflammation (refer to figure 4).

Table 1 gives an estimate of the diameter of the legs
according to the batches of rats. According to the data
presented in this table, rats treated with sap at 400
mg/kg exhibited a comparable effect to untreated rats
(Formol batch). In contrast, both Diclofenac and sap
treatments at 800 mg/kg led to a significant decrease
in paw inflammation. The 800 mg/kg sap
demonstrated an overall effect on paw inflammation
similar to that of Diclofenac.

Table 2 shows a comparison of leg diameters
according to batch and time. From this table, it is
evident that the diameter of the legs increased with
time in all batches, indicating that formalin-induced
inflammation increases over time. However, the
increase in paw edema varied between batches of rats.
In the non-formalin-treated batch, there was a change
in diameter from 5.25 mm at 0 hours to 9.58 mm at 4
hours, reflecting an increase of 82.47%. For the batch
treated with Diclofenac, there was a 31.08% increase
observed between 0 hours and 4 hours after formalin
injection. In the batches treated with 400 mg/kg and
800 mg/kg of J. multifida sap, the paw diameters
increased by 61.34% and 55.39%, respectively.

Induced
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Table 1 Estimated marginal means of paw diameters by rat batch

Fah et al.

Batches Mean Error std. Confidence interval at 95%

Lower terminal Upper terminal
Formol 7.666 a 0.121 7.421 7.911
Diclofenac 5.873b 0.121 5.628 6.118
J. multifida 400 mg/Kg 7.582 a 0.121 7.337 7.827
J. multifida 800 mg/Kg 6.236 b 0.121 5.991 6.481

Table 2 Estimated marginal means of leg diameter as a function of batch*time factors

Batches Mean Error std. Confidence interval at 95%
Lower terminal Upper terminal
OH 5.247 0.300 4.641 5.852
1H 7.353 0.300 6.748 7.959
Eormol 2H 7.737 0.300 7131 8.342
3H 8.417 0.300 7.811 9.022
4H 9.577 0.300 8.971 10.182
OH 5.017 0.300 4411 5.622
1H 5.573 0.300 4.968 6.179
Diclofenac 2H 5.797 0.300 5.191 6.402
3H 6.420 0.300 5.815 7.025
4H 6.557 0.300 5.951 7.162
OH 5.017 0.271 4.469 5.565
1H 8.453 0.271 7.905 9.001
3. multifida 400 mg/kg ~ 2H 8.390 0.271 7.842 8.938
3H 7.950 0.271 7.402 8.498
4H 8.100 0.271 7.552 8.648
OH 5.293 0.271 4,745 5.841
1H 5.663 0.271 5.115 6.211
3. multifida 800 mg/kg ~ 2H 6.330 0.271 5.782 6.878
3H 6.910 0.271 6.362 7.458
4H 8.220 0.300 7.615 8.825

Legend: OH: zero hour; 1H: One hours; 2H: two hours; 3H: three hours; 4H: four hours

Consequently, treatment of rats with Diclofenac
and J. multifida sap at 800 mg/kg induced an
inhibition of inflammation by 62.31% and 32.84%,
respectively.

Table 3 presents the results of paired (independent)
linear comparisons among the estimated marginal
means. The data in this table indicates that, prior to
the induction of inflammation (at 0 hours), there are

no significant differences in mean leg diameters
among the various experimental batches. However,
one hour after the initiation of inflammation,
notable differences emerge between the mean leg
diameters of batches that received only formalin
(i.e., untreated) and those that were exposed to
either Diclofenac or J. multifida sap at 400 mg/Kg
and 800 mg/Kag.
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Hour Batches (I) Batches (J) Mean Error std.  Significance b Confidence interval at
difference 95%
(1-9) Lower Upper
terminal terminal
Formol Diclo 0.230 0.383 0.552 -0.545 1.005
Formol J. multifida 400 mg  0.230 0.383 0.552 -0.545 1.005
Formol J. multifida 800 mg  -0.047 0.383 0.904 -0.822 0.728
OH Diclo J. multifida 400 mg 8.882E-16  0.383 1.000 -0.775 0.775
Diclo J. multifida 800 mg  -0.277 0.383 0.475 -1.052 0.498
J.  multifida J. multifida 800 mg -0.277 0.383 0.475 -1.052 0.498
400 mg
Formol Diclo 1.780 " 0.383 0.000 1.005 2.555
Formol J. multifida 400 mg  -1.100 * 0.383 0.007 -1.875 -0.325
Formol J. multifida 800 mg  1.690 * 0.383 0.000 0.915 2.465
IH  Diclo J. multifida 400 mg  -2.880 * 0.383 0.000 -3.655 -2.105
Diclo J. multifida 800 mg  -0.090 0.383 0.816 -0.865 0.685
J.  multifida J. multifida 800 mg 2.790 0.383 0.000 2.015 3.565
400 mg
Formol Diclo 1940~ 0.383 0.000 1.165 2.715
Formol J. multifida 400 mg  -0.653 0.383 0.096 -1.428 0.122
Formol J. multifida 800 mg  1.407 " 0.383 0.001 0.632 2.182
2H Diclo J. multifida 400 mg -2.593 " 0.383 0.000 -3.368 -1.818
Diclo J. multifida 800 mg  -0.533 0.383 0.172 -1.308 0.242
J.  multifida J. multifida 800 mg  2.060 * 0.383 0.000 1.285 2.835
400mg
Formol Diclo 1.997 " 0.383 0.000 1.222 2772
Formol J. multifida 400mg  0.467 0.383 0.231 -0.308 1.242
Formol J. multifida 800 mg  1.507 " 0.383 0.000 0.732 2.282
3H Diclo J. multifida 400 mg  -1.530 0.383 0.000 -2.305 -0.755
Diclo J. multifida 800 mg  0-.490 0.383 0.209 -1.265 0.285
J.  multifida J. multifida 800 mg  1.040 " 0.383 0.010 0.265 1.815
400 mg
Formol Diclo 3.020 " 0.383 0.000 2.245 3.795
Formol J. multifida 400 mg  1.477 " 0.383 0.000 0.702 2.252
Formol J. multifida 800 mg  2.593 " 0.383 0.000 1.818 3.368
4H " Diclo J. multifida 400mg ~ -1.543 " 0.383 0.000 -2.318 -0.768
Diclo J. multifida 800mg  -0.427 0.383 0.272 -1.202 0.348
J.  multifida J. multifida 800mg  1.117 "~ 0.383 0.006 0.342 1.892
400mg

* The mean difference is significant at the 0.05 level.

Table 4.a TNFa values between different batches of rats.

Rats batches Mean N Standard deviation Mean standard error
Control 286.15 4 20.15234 10.07617

Formol 401.20 4 70.14138 35.07069
Diclofenac 327.45 4 26.16480 13.08240

J. multifida 289.10 4 15.23373 7.61687
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Table 4.b T-test for comparison of mean TNFa between different batches of rats.

Batches of rats Mean Ecart type Mean standard error  t ddl Sig. (bilateral)
Control - Formol 115.0500 60.45701 30.22850 -3.806 3 .032
Formol - Diclofenac 73.7500 35.76462 34.77130 2.030 3 .036
Formol - J. multifida 112.1000 55.76462 27.88231 4.020 3 .028
Diclofenac - J. multifida  38.3500 35.23573 17.61786 2.177 3 118

Significant distinctions are also observed between
the mean leg diameter of rats in the 400 mg/Kg J.
multifida sap batch and both the Diclofenac and 800
mg/Kg J. multifida sap batches. Conversely, no
significant difference was observed between the
batch treated with Diclofenac and the one treated
with sap at 800 mg/kg from two hours after
inflammation. No difference in paw diameter was
observed between the rats treated with J. multifida
sap at 400 mg/kg and the untreated rats (formalin
batch) from two hours after inflammation. However,
differences persisted between the untreated batch
(formalin batch) and both the Diclofenac and J.
multifida sap 800 mg/kg batches on one hand, and
between the J. multifida sap 400 mg/kg batch and
the Diclofenac and J. multifida sap 800 mg/kg
batches on the other hand. Nevertheless, the mean
difference between the batch treated with
Diclofenac and the one treated with sap at 800
mg/kg was not significant. Thus, Diclofenac and J.
multifida sap at 800 mg/kg exhibited approximately
the same effect on formalin-induced inflammation
in the rat hind paw. However, at 400 mg/kg, J.
multifida sap showed no significant effect on the
reduction of paw diameter from the second hour
after inflammation.

Effect of J. multifida sap on TNF Alpha

Table 4.a presents the TNFa values of rats from
various batches. The table indicates a significant
increase in TNF alpha values for the Formol batch
(401.20) compared to the control batch (286.15).
Furthermore, the TNF alpha values for the
Diclofenac batch (327.45) are lower than those of
the Formol batch. It is noteworthy that the Jatropha
lot exhibits TNFo values (289.1) closest to those
observed in the control batch (286.15). Thus, it
should be emphasized that the J. multifida sap
induces a decrease in TNFa levels, which is nearly
equivalent to the levels found in a normal control.
Furthermore, we observe a significant difference in
the means of TNFa between the control and
formalin batches, as indicated in Table 4.b. This
signifies a notable increase in TNFa production
following formalin injection. Both diclofenac and J.

multifida sap pre-treatments lead to a significant
reduction in TNFa production. However, there is no
significant difference between the effects of these
two treatments on the concentration of the pro-
inflammatory mediator.

TNFa, a chemical mediator of inflammation. Before
conducting the sap membrane stabilization test, a
toxicity test is necessary to determine the
concentrations to be used. By analyzing the trend
curve of the number of dead larvae as a function of
the sap concentration, it can be inferred that larval
mortality follows a dose-response relationship.
Referring to the toxicity scale established by Moshi
et al. [26] allows for a comprehensive assessment.
The LCs value of the sap (0.604 mg/mL) is higher
than 0.1 mg/mL, above which the sap is considered
non-toxic. These results indicate that the sap of J.
multifida is not toxic. These findings are consistent
with those of Meyer et al. [27]. Indeed, in their
study on several species of the genus Euphorbia
with the larva Artemia salina, these authors
demonstrated that these plants are not toxic.

DISCUSSION

The inflammatory response is characterized at the
tissue level by increased vascular permeability,
protein denaturation, and alteration of cell
membranes [24, 25].Therefore, to assess the anti-
inflammatory potential of substances extracted from
plants, the simplest approaches would be to evaluate
their red blood cell membrane-stabilizing activity in
vitro and their ability in vivo to reduce paw diameter
and exhibit immunomodulatory potential through
The maintenance of plasma membrane fluidity is an
essential prerequisite for cell function, viability,
growth, and reproduction [28]. Consequently,
various methods have been developed and applied
to confirm the anti-inflammatory efficacy of plant
extracts in vitro, including the red cell membrane
stabilization test. This test exposes erythrocytes to a
hypotonic solution at an elevated temperature, given
the similarity of the lysosome membrane to that of
the red cell [29, 30]. In parallel, the sap of Jatropha
multifida was tested as an anti-hemolytic agent,
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where the activity was found to be very high and
even superior to the synthetic drug, Diclofenac.
Diclofenac was used as a reference molecule due to
its analgesic, antipyretic, and anti-inflammatory
properties. The latter are related to its inhibition of
prostaglandin and thromboxane synthesis by
inhibiting the action of the two isoforms of the
membrane enzyme cyclooxygenase (COX-1 and
COX-2), thereby impairing platelet function by
inhibiting their aggregation [31].

In fact, the sap presents an anti-hemolytic effect of
66.21% with a volume of 1 mL, whereas Diclofenac
and lbuprofen present an effect of 25.94% and 40%,
respectively, with the same volume. Thus, from a
comparative study of the effect of the sap and that
presented by the two reference drugs, it is found that
the treatment of erythrocytes with the sap presents
an inhibition of hemolysis clearly superior to that
obtained with Diclofenac and Ibuprofen at the
volumes tested. This can be justified by the richness
of J. multifida sap in phenolic compounds,
especially flavonoids.

The results of the phytochemical screening of J.
multifida indicated that the sap is very rich in
flavonoids. Several studies have reported the effect
of some molecules belonging to the flavonoid
family on the inhibition of cyclooxygenase (COX)
and lipooxygenase (LOX) (quercetin and myricetin),
TNF-a and NF-xB (luteolin), STAT-1, NF-Kb.
They affect the control of MAP kinase and/or COX-
2 and the expression of iNOS, as well as the
production of NO (genistein) [32—34].

Flavonoids are renowned for their antioxidant
activity, attributed to their highly reactive hydroxyl
groups. They exert this activity by preventing the
increase  in  microviscosity  of  erythrocyte
membranes induced by lipid peroxidation [35].
Indeed, they can react with most free radicals,
removing a hydrogen from the (C-H) group situated
between the two double bonds of polyunsaturated
fatty acids in the membrane through trapping,
inactivating, and stabilizing free radicals (hydroxyl
radicals (OH-), superoxide anions (O-), and
peroxylipid radicals). Consequently, they form
intermediate radical species with low reactivity.
Additionally, they can chelate metal ions (released
from their binding or transport proteins), which
might otherwise enhance deleterious effects by
producing hydroxyl radicals (OH-) [36-38]. This
justifies the high DPPH inhibition power of 86.61%

observed in the sap of J. multifida at a concentration
of 0.5 mg/ml. Graphically calculated, the
concentration of the test sample required to reduce
50% of the DPPH radical (ICso) is 0.102 mg/mL,
while that of vitamin C is 0.104 mg/mL. Therefore,
the inhibitory power of DPPH by the sap is
comparable to that of vitamin C. Consequently,
these natural antioxidants also exhibit an anti-
hemolytic effect, stabilizing the membrane of red
blood cells against hypotonic lysis and maintaining
their membrane integrity (the asymmetric
distribution of phospholipids) [36]. This attribute
confers anti-inflammatory properties to the sap in
vitro.

The in vivo anti-inflammatory effect of J. multifida
sap in rats was assessed by observing the impact of
sap treatment on paw diameter following the
induction of inflammation. The edema induced after
the injection of 2% formalin into the paw of the
mouse consists of three distinct phases. The first
phase involves histamine and 5-hydroxytryptamine,
which promote vasodilation, plasma transudation,
and edema. The second phase involves Kinins,
which increase vascular permeability. The final
phase is characterized by the secretion of
prostaglandins and the migration of leukocytes into
the inflamed area. Prostaglandins play a role in both
acute and chronic inflammatory processes [39].
Generally, anti-inflammatory drugs work by
counteracting the effects of these chemical
mediators (histamine, serotonin, Kinins, and
prostaglandins), and the anti-inflammatory property
of flavonoids may be attributed to the presence of
certain active molecules in the sap [40].

However, from the results of the assessment of the
reducing potential of the sap leg diameter. it is clear
that the leg diameter increased over time in all
batches. This indicates that formalin-induced
inflammation increases over time [41]. However,
the increase in paw oedema varied between batches
of rats. For example, in the formulated batch that
received no treatment, a variation in diameter from
5.25 mm at 0 hour to 9.58 mm at 4 hours was
observed. an increase of 82.47%. For the batch
treated with Diclofenac. an increase of 31.08% was
observed between O Hour and 4 Hours after
formalin injection. For the batches treated with 400
mg/Kg and 800 mg/Kg of J. multifida sap. the paw
diameters increased by 61.34% and 55.39%
respectively. Accordingly, treatment of rats with
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Diclofenac. J. multifida sap 800 mg/Kg induced
inhibition of inflammation by 62.31% and 32.84%
respectively. Thus. the rats treated with the sap at
400 mg/Kg showed approximately the same result
as the untreated rats (Formol batch). In contrast. the
Diclofenac and 800 mg/Kg sap treatments resulted
in a significant decrease in paw inflammation. Sap
at 800 mg/Kg had the same overall effect on paw
inflammation as Diclofenac. A better activity was
noted for the hydroalcoholic extract of Apium
graveolens leaves which significantly reduced the
increase in paw volume with a percentage of
inhibition of 80.17%. 86.50% and 89.66%.
respectively at 200. 300 and 500 mg/kg body weight
[42]. This difference may be due to the fact that
formalin-induced inflammation. which is the case in
our study. seems to be less controllable than
carrageenan-induced inflammation [43].

Finally, pretreatment with Diclofenac and J.
multifida sap significantly reduced TNFo production
and there was no significant difference between the
effects of these two treatments on the concentration
of the pro-inflammatory mediator. However, the
increase in TNFa production in the batch treated
with J. multifida sap (289.1) is lower than in the
batch of rats treated with Diclofenac (327.45). These
values are closest to those found in the control batch
(286.15). As in the present study. the inhibition of
the production of pro-inflammatory molecules such
as TNF alpha by extracts or derivatives of medicinal
plants is widely reported [35, 44].

CONCLUSION

Inflammation is a reaction of the organism
associated with several pathologies that must be
controlled by anti-inflammatory drugs. In the
present work, the study of the anti-inflammatory
effect of sap yielded positive results, partially due to
its significant role in limiting the inflammatory
response by stabilizing and protecting the lysosomal
membrane. The sap also demonstrated a strong
antioxidant capacity, inhibition of pro-inflammatory
factors, including TNFa, and reduction in leg
diameter after the induction of inflammation. Based
on these findings, further pharmacological studies
are necessary to determine the molecular and
cellular mechanisms of the active compounds in the
sap and to assess their effects on the inflammatory
process, as well as on the enzymes involved in the
production of reactive oxygen specie.
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ABBREVIATIONS AND ACRONYMS
LCso: Lethal Concentration at 50

ICso: Inhibitory Concentration at 50
TNFa: Tumor Necrosis Factor o

NF-kB: Nuclear Factor-kappa B

DPPH: 2,2 diphenyl 1-picrylhydrazyl
COX-1: cyclooxygenase-1

COX-2: cyclooxygenase-2

Co: Circumference

J. multifida: J. multifida

OD: Optical Density

Diclo: Diclofenac

LOX: Lipooxygenase

iNOS: Inducible Nitric Oxide Synthase
NO: Genisteine

STAT-1: Signal Transducer and Activator of
Transcription 1
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