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Abstract

Asapart of the valorisation of medicinal plants of the Algerian flora, we have undertaken a study of plant

extract (Juglans regia L.) growing in the Blidaregion, Algeria.

The main objective of thiswork isto evaluate the in vivo pharmacological effects, namely the anti-
inflammatory, antispasmodic and healing effects of common walnuts’s leaves aqueous extracts and
ointment. The Carrageenan-induced paw edematest is used for screening of anti-inflammatory activity on
4 batches of mice (control batch, treated batch with Diclofenac® , treated batches with the agueous
extract at 5 and 10%), the analgesic effect was conducted using Acetic acid-induced endogenous spasm
test, and the healing effect was conducted on rabbits. The anti-inflammatory test performed on |aboratory
mice, revealed aremarkable anti-inflammatory effect of the agueous extract comparing with chosen
standard pharmaceutical molecule (Diclofenac®), with a reduction percentage of 25 and 31.72 % for the
aqueous extract and Diclofenac® respectively. The results for the analgesic effect was revealed to be
significant comparing with those obtained with the reference product Spasfon. Finally, the healing effect
was performed on rabbits, revealing high healing power comparing with those obtained with
pharmaceutical healing paste ‘MADICASSOL” used as a reference. The ointment prepared using walnut
leaves has shown more effectiveness with delay of healing less than a week compared to the ointment of
reference which took almost 10 days for total healing effect. The obtained results confirm some
information obtained during the ethnobotanical survey in a previous study; and that Juglansregia L. is

endowed with an anti-inflammatory, antispasmodic and healing properties.
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1. Introduction

Inflammation, pain issues or healing issues represent the biggest problem of hedth care,
leading to a high use of drugs in order to feel relief, which, due to their continuous use and
administration may result in serious side effects including renal problems, gastrointestinal
irritation and ulceration (Bertolini et al., 2001).

Therefore, researches meet the increasing need of discovering potent molecules that are
devoid of these side effects as alternatives. This has prompted scientific investigation of
medicinal plants used in traditional and folk medicine for treating fever, pains, rheumatoid
arthritis and healing wounds (Basu and Hazra, 2006 ; Nworu et al., 2013).

Those health-promoting effects are linked to the secondary metabolites that each plant
produces, including compounds like essential oils, phenolic compounds, terpenoids, akaloids,
steroidal compounds, glycosides, terpenes, and tannins, which may be responsible for various
therapeutics effects. These plant constituents possess numerous favorable physiological
properties, such as antioxidant, antiinflammatory and anti-atherosclerotic (Paudel et al , 2016;
Jun et a 2016).

For the common walnut, Juglans regia L., its different parts are known to containing potent
chemical constituents, used since antiquity to treat diverse ailments for instance diarrhea,
hyperglycaemia, cancer, infectious disease, anorexia, eczema, asthma, helminthiasis, arthritis,
sinusitis, stomach-ache, skin disorders, among others (Kunwar et al., 2005 ; Tagarelli et al.,
2010).

The leaves of walnut are popular in complementary and alternative therapy as antimicrobial,
depurative, keratolytic, antidiarrheal, carminative, anthelmintic, astringent, tonic,
hypoglycaemic and for the treatment of sinusitis, cold and stomachache (Warrier et al., 1994
: Girzu et a., 1998), to aleviate fever and to reduce rheumatismal pain (Fujitaet a., 1995 ;
Qamar et al., 2011) They are used in the treatment of colitis diabetes, cardiac disease and
inflammatory conditions, skin diseases , toothache and to promote hair growth and healing
wounds (Kunwar et al., 2005 ; Jaradat, 2005 ; Kaileh et a., 2007 ; Tagarelli et a., 2010 ;
Rahimipanah et al., 2010 ;Torres-Gonzalez et al., 2011), as well as to improve vascular and
prostate health in elderly males (Spaccarotella et al., 2008).The list of illnesses treated with
walnut parts goes on, aso including the treatment of gastric, liver and lung cancer (Liuetal.,
2004).The ethnobotanical study, carried out in Algeria Blida region, revealed the importance
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of Juglans regia and its use as a natural remedy against pain, the healing of chapped fest,
eczema, back pain, antirhumatismal and aso hypertension, anticholesterolemia,
hypoglycemia and for other type of relief (Bennacer and Cherif , 2017).

In this perspective, this study aims the confirmation of information collected in previous
ethnobotanical study, by evaluating the pharmacological effects, namely anti-inflammatory,

analgesic and wound healing properties of Juglansregia leaves grown in Algeria.

2. Material and methods

2.1. Collection and preparation of the aqueous extract of Juglans regia’ leaves

Healthy, free of pest attack adult leaves of Juglans regia were collected from 30 years old
trees before fruiting in May 2014 ,Bab-Khewikharegion (Wilaya of Blida, Center of Algeria).
The botanical identification of the species was validated by Mrs Bradai. M.S. Professor of
Botany, Department of Agronomy, Blida 1 University, Algeria.

The freshly harvested leaves were dried out of light and moisture for two to three weeks.
Once dried, the leaves were crushed using a house mill.

The agueous extract used in the study is prepared according to the method reported by
Bruneton (1999), where 20 g of powder are left infused for 15 minutes in 200 ml of boiling
distilled water. The infused was filtered to obtain the aqueous extract.

2.2. Experimental animals

To carry out the experimental part, rabbits and mice, provided from the pet shop of the
Pharmaco-Toxicology Laboratory of the Anitibiotical Complex Saidal (Medea, Algeria), were
used.

Forty SWISS albino mice weighing each 20 to 24 g males were divided into 8 batches. Each
batch consists of five mice, and four batches were used for the anti-inflammatory and the
remaining four to the antispasmodic activity. Three CALIFORNIAN rabbits males, each
weighing 2300 to 2600 g, divided into 3 batches (one rabbit per batch) were used for healing
activity. The research protocols were in accordance with the ethical rules and
recommendation of the National institutes of health guide for the care and use of |aboratory
animals (NIH Publications No. 8023, revised 1978).
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2.3 Carrageenan-induced paw edema test for screening of anti-inflammatory activity

The anti-inflammatory activity was carried out according to the method of Levy (1969) cited
by Berkan and his collaborators (1991).

This study makes it possible to compare the reaction of plantar edema after administration of
equal doses of the anti-inflammatory product to be tested and the corresponding reference
product (Diclofenac ®) (Colot, 1972).

Briefly, the protocol works as the injection of carrageenan 1% under the plantar fascia of the
mouse paw causes an anti-inflammatory reaction, which can be reduced by an anti-
inflammatory product (aqueous extract of the plant). In order to undoubtedly demonstrate the
anti-inflammatory effect, the mice are divided into 4 batches of 5 mice each, namely three
treated batches and one control batch, the mice were fasted for 18 hours before the

experimentation. The force-feeding (at time TO) was carried out using a gastric tube.
At time, zero (TO) all the batches are treated as followed:

Batch E1: The mice are force-fed with 0.5 ml of an anti-inflammatory agent (Diclofenac ®);
1 tablet of 75 mgin 750 ml of physiological water.

Batch E2: Mice force-fed with 0.5 mL at a dose of 10% agueous extract corresponding to 0.1
g/mL.

Batch E3: Miceforce-fed with 0.5 mL at a dose of 5% agueous extract corresponding to
0.05g /mL.

Batch control: Mice force-fed with 0.5 mL of physiological water at 0.9%.

At time zero(TO) + 30 minutes, the 1% carrageenan solution is injected under the plantar
fascia of the left hind legsin avolume of 0.025 mL to all the animals tested.

At time zero (TO) + 4 hours, after having sacrificed the animals having been subjected to a
high concentration of diethyl ether, we cut the hind legs at the level of the joint and we
weighed them with an analytical balance.

Expression of results

Calculate the arithmetic means of the weights of the left paw and the right paw for
each batch.
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Calculate the percentage increase in paw weights (% of edema) by the following

formula:

average leftlegweights - averagerightlegweights

% of edema = 100

average right leg weights

Calculate the percentage reduction in edemain the treated mice compared to the
controls.
edema of batch E1 — edema of batchE2or E#

edema of batch control

%0 reduction of edema = 100

The results are expressed as the average weight of the left hind legs + standard deviation, the
statistical significance is determined by means of the one-way analysis of variance test
(ANOVA) followed by the NKT test for peer comparison. P<0.05 is considered to be a
significant difference; the statistical study is carried out using XLSTAT 20009.

2.3. Acetic acid-induced endogenous spasm test for screening of analgesic

activity

To carry out this test we used the protocol validated by the laboratory of pharmacotoxicology
of the Antibiotical Saidal pharmaceutical industries. The injection of 1% acetic acid
intraperitoneally causes a painful reaction in the mice. This pain manifests as spasmsin the
form of torsional movements of the abdomen with stretching of the hind legs. We divided the
20 miceinto 4 batches, as follows:

. Control batch: the mice receive 0.5 mL of distilled water (physiological water at 0.9%)

. Batch E1 and E2: Mice force-fed with 0.5 mL at adose of 10 and 5% of aqueous
extract "infusion” corresponding to 0.1 and 0.05g / mL respectively.

. Batch E3: mice force-fed with 0.5 mL by the reference drug Spasfon®
(Phloroglucinal) at a dose of 0.025 mg/ mL

After 30 min of the treatment, we inject the mice with 0.1 mL of 1% acetic acid. 5 minutes
later, we count the number of spasms for 10 minutes.

. The calculation of the percentage of decrease in spasmsis done by the following

formula
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Spasm number of batch E3 — Spasm number of batch E1 or E2

Pevecentage (%) =
ge (%) Spasm number of batch E3

24. Evaluation of the wound healing property

The evaluation of the healing property of Juglansregia leavesis carried out according to the
protocol reported by Pourrat (1993), by comparing the bleeding in rabbits and to another

reference ointment.
2.4.1. Formulation of thetraditional healing ointment

The ointment was prepared according to the protocol mentioned by Le Hair (2001) with a
concentration of 20 % and 100 g of weight, the following constituents are weighed:

. 20 g of dry, fine and sterile leaf powder (sterilized following exposureto UV ina
laminar flow hood for 30 min);

. 30 gof Vasdineail;
. 50 g of Vasdline.

The ointment was prepared in a porcelain mortar at room temperature in the laboratory, under
rigorous aseptic conditions (under laminar flow hoods). Vaseline is heated in a water bath at
36 °C to facilitate mixing and to be able to dissolve the powder more easily there (Le Hair,
2001). Mixing of the mixture must be carried out until complete cooling to avoid separation
of the constituents (Fonteneau et a., 1999). The ointment was packaged in dermal ointment

packaging tubes, the tubes are then closed in order to avoid any external contamination.
2.4.2. Physico-chemical and microbiological control of the ointment

In order to confirm the good quality of the formulation, a physico-chemical and
microbiological control were carried out according to method mentioned by European
pharmacopoeia (1997).

PH measurement
10g of ointment was triturated with distilled water, and pH measured by a pH meter.

Homogeneity of the ointment
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It was Verified macroscopically by spreading the cintment in athin layer on aflat surface
(laboratory bench) using a spatula (Le Hair, 2001).

Microbiological control of the ointment
The protocol followed is that listed by the European Pharmacopoeiain 1997. Briefly

10g of ointment were weighed and introduced into a 100 ml bottle of pH 7 buffer solution,
then heated in awater bath at 45 °C until an emulsion is obtained. The latter was placed in
Petri dishes containing different culture media

The results are expressed in colony forming unit (CFU), the product is declared compliant if

the results are below the limits mentioned in the table 1.

Table 1. Limits of the microbiogical control of the ointment.

Parameters Limit

Total viable aerobic germs <5.102 UFC/MI
Y east and mold < 5.102 UFC/mL
Enterobacteriaand Gram (-) < 10 UFC/mL
Staphylococcus aureus absence
Pseudomonas aeruginosa absence
Escherichia coli Absence

2.4.3. Pharmacological test of the ointment

Thetest was carried out on 4 Albino rabbits of Californian race, that had their hair removed
using apair of scissors and arazor; after depilation and disinfection of the skin with a cotton
pad soaked in alcohol, parallel scarifications and deep to the bleeding limits are carried out
using ascapel. The application of the leaf ointment is carried out on the wound caused on the
right side in the first and second rabbit, while the application of the reference ointment
(Madecassol) is carried out on the wounds caused in the third rabbit while the fourth rabbit is
left without any treatment (control).
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At the aim of monitoring the progress of the healing process, a macroscopic examination is

carried out, arating scale has been set taking into account four parameters.

. The depth of the wound

. The appearance or not of edema
. The presence or absence of abud
. The thickness of the crust.

Each of these four parametersis qualified by a numerical value from O to 4, defined in the

table 2.
Table 2. Healing effect rating scale
Depth Bud Edema Crust thickness

0 | Deep zero Absence of bud No edema No crust
1 | Slightly dug Little bud Very light Start of crust
2 | Alittledeep Big bud Visible edema thickening crust
3 | Fairly deep Massive budding moderate edema Thick crust
4 | Very deep Excessive budding severe edema Very thick crust

3. Results

3.1. Evaluation of the anti-inflammatory effect

For each batch, we calculated the percentage increase in edema of the inflamed paw relative

to the weight of the healthy paw according to the formula of Levy (1969). The results of the

means, reduction of inflammation and of the statistical study obtained are compiled in the

table 3 and figure 1.

Table 3. Percentages of edema and edema reduction for the four batches.

Treatments

Batches

% of edema

% reduction of edema
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Control 35.84% 0

E1 (Diclofenac®) 24.45% 31.72%
E2 (Aqueous extract 10%) 27.94% 22.04%
E3 (Aqueous extract 5%) 26.88% 25%

Mean of weights

d
b b
bc
il n I ~
T ) d
d d =
I @ Mean of weights

Control Control Diclo RP Diclo LP 10% RP 10%LP 5% RP 5%LP
RP LP

0,3

0,25

0,2

0,15 -

0,1 -

0,05 -

Figure 1. Variation in the weight of the right and left hind legs for each batch (Significant
difference P<0.05 confidence interval is 95%).

Results for the anti-inflammatory effect of agueous extracts of walnut leaves are presented in
figure 1. In al treatments, and as expected, |eft legs are heavier, due to presence of edema.
Four hours after the injection of the carrageenan, the edema shows a significant increase
(P<0.01) of 35.84 % in the control group, but also asignificant increase (P<0.05) of 24.45,
27.94 and 26.88% in the batches treated, respectively (Diclofenac®, E10 %, E5 %).

Figure 1 shows a significant difference (P<0.05) between the inflamed legs (left hind legs),
which received carrageenan and the healthy legs (right hind legs) whose average weight of the
four lotsisrespectively (T) 0.154 + 0.01, (Diclofenac®) 0.145 + 0.005, (E3 10%) 0.193 +
0.01, and (E4 5%) 0.161 + 0.01. Thus, asignificant difference is observed (P<0.05).
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However, no significant difference (P>0.05) is observed in the control group which received
only physiological water, on the other hand, there is asignificant reduction (P>0.01) of 31.72,
22.04, 25% for the batch treated with Diclofenac®, with a dose of 10% and 5% of the

agueous extract, respectively.

We can deduce that the aqueous extract has a more or less important anti-inflammatory effect
at adose of 5%, however, at adose of 10% it has awesak it is probably that the extract is more
efficient at low doses, but |ess intense anti-inflammatory effect than that which has been
observed in the batch treated with Declofenac®.

3.2. Evaluation of the analgesic effect

The analgesic activity of the agueous extract (infusion) of Juglansregia L. was evaluated by
counting the spasms or abdominal contractions induced in mice by intra-peritoneal injection
of acetic acid 1%. The results of this study are recorded in the figure 2 that illustrates the
percentage of protection of the aqueous extract compared with the reference drug Spasfon®
and the control batch.

After 10 minutes of the injection of acetic acid into the control batch of mice, an average of
24.2 abdominal cramps was recorded. The administration of the aqueous extract of the leaves
of Juglansregia L. at 10 and 5 % reduced the average abdominal cramps up to 9.6 and 9.8,
with a protection percentage of 60.33 and 59.50 % respectively. These percentages are
somewhat close to that of the Spasfon® reference solution which has a protection rate of
83.47 %, with a mean contraction of 4.

ANALGESIC EFFECT

90%
80%
70%
60%
50%
40%
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20%
10%

0%

Control Spasfon® E2 (10%) E3 (5%)

AIMAPV7 (1) 2021 132



ﬁ‘

Arabian Journal of Medicinal & Aromatic Plants  a1v4F Anti-inflammatory, antispasmodic and healing effects of Juglansregia

Figure 2. Protection percentage of the aqueous extract compared to the reference drug
Spasfon®. E2 (10 %): agueous extract 10 %, E3(5 %):aqueous extract 5 % and the negative

control.

3.3. Evaluation of the healing effect
3.3.1. Resultsof the control of thetraditional ointment

Physico-chemical control results

The homogeneity of the ointment was verified macroscopically by spreading it in athin layer
on aflat surface, and by observation no aggregates, lumps were observed, and a good

distribution of the ointment was found, being considered as perfectly homogeneous.

The pH measurement of the ointment was of 6.16, avaue close to neutral. Accordingly, it can
be stated that the ointment does not cause irritation on the skin (European Pharmacopoeia,
1997)

Microbiological control results

After 24 H, 48 H and 5 days of incubation for bacteria, yeast and molds, Petri dishes are

germs free.

The microbiologica control of the ointment did not reveal any bacterial nor fungal
contamination, the ointment is therefore free from all microbial contamination, henceitisin
compliance with the standards of the European Pharmacopoeia (European Pharmacopoeia,
1997)

Results of the preliminary healing test

Generdly, the observation shows the absence of edemafor the areatreated by the ointment
based on the leaves of Juglansregia L. and by the reference ointment Madecassol which
means that these two treatments do not favor the inflammatory process. However, on the

control wound, a slight edema appeared from the first day and fades to disappear on the 4th
day.

The bud isrelatively unmarked, appearing from the first day in treated wounds and faded
quickly and disappear on the 4th day. In the control wound, the bud appeared only around the

3rd day and persists until the 6th day.
AMAPV7 (1) 2021 133



Arabian Journal of Medicinal & Aromatic Plants  a1v4F Anti-inflammatory, antispasmodic and healing effects of Juglansregia

In treated rabbits, the formation of alight crust after 24 hours of treatment was observed,
which thickens during the first days, disappearing on the 5th day for the area treated with the
ointment from the leaves of common walnut. For the assay with Madecassol, it only
disappeared on the 7th day for the areas treated by Madecassol. After the 3rd day, it was less

thick, increasing its thickness and persisting until the 11th day for the control wound.

The scarifications are much deeper for the untreated area (control) than for those treated, after
thefirst day. The depth of the wound treated with the leaf ointment is less marked compared
to those treated with Madecassol. The two treatments gave good healing with only dlightly
different healing times, which were 7 days for the ointment from the leaves of Juglansregia
and 9 days for Madecassol. Natural scarring is not complete in the control assay until after the
14th day (Fig. 3 and Fig. 4).

HEALING EFFECT EVOLUTION
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Figure 3. Daily evolution of the depth of the wound expressing the healing effect.
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Figure 4. Healing of treated wounds (9th day of the treatment).

A. Wound treated with Juglansregia’s leaves ointment, B. Control wound, C. Wound treated
with

M adecassol reference ointment.

4. Discussion

The present study investigated the anti-inflammatory, analgesic and healing effect of the

aqueous extract of Juglans regia leaves. The different parts of this plant are used to treat
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pain and to heal injuries from the Algerian population, especially the inhabitants of Blida
region (Bennacer et Cherif, 2017), and so do different populations all over the world
(Tene etd., 2007 ; Idolo et d., 2010 ; Sher et a., 2011). These folkloric claims prompted
the present study in which anti-inflammatory, antispasmodic and healing activities of

Juglansregia L extract were evaluated and found of great effectiveness.

The results of the anti-inflammatory activity showed that the agueous extract has a
significant effect. Our results are in agreement with those obtained by Hosseinzadeh and
his collaborators (Hosseinzadeh et a., 2011) on the leaves of the Iranian walnut and in
another study reported by Abdulalsalam and his collaborators (2017). These authors show
that the agueous extract of Juglans regia has an important anti-inflammatory effectiveness
by inhibiting protein denaturation, linked to the cause of inflammation (Oyedepo and
Femurewas, 1995). Other authors, Eswayah et al. (2019), have confirmed the anti-
inflammatory power of the species Juglans regia, with recorded potential to protect cell
membrane tests on human blood.

The analgesic properties of the aqueous extract of the leaves of Juglans regia showed to
be positive and had a remarkable effect in comparison with areference drug (Spasfon®),
which its main active principal is phloroglucinol (belongs to the family of muscul otropic
antispasmodics). The percentage of protection is estimated for the aqueous extract with
59.50 % and 60.33 % for both concentration 5 and 10% respectively while the highest rate

of protection was achieved with the reference compound with arate equal to 83.47 %.

The results obtained in this study are in agreement with those found by Hosseinzadeh et
al. (2011) and Nael and Mohammed (2011). Similarly, Mokhtari and his collaborators
(2008) reported that the administration of walnut leaf extract has an analgesic effect ; so
that the administration of this extract in the acute phase of pain could beresultedin a
significant reduction of pain. The administration of walnut leaf extract, together with
morphine, causes analgesiain the acute phase (Hosseinzadeh al. 2011; Nael and
Mohammed, 2011 ; Mokhtari et al., 2008).

This analgesic effect might be linked to the presence of flavonoids such as quercetin, that
have analgesic effect through adrenergic pathways and by reducing the sensitivity of the
central system and eventually reduce pain (Mokhtari et a., 2008; Kaur et al., 2003 ;
Delaviz et a., 2017) . it is possible that walnut |eaves are associated with analgesic

effects due to having flavonoid compounds such as quercetin (Oliveiraet al., 2008).
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Both anti-inflammatory and anal gesic effects were proven to be important using Juglans
regia’s leaves extracts. Methanol leaf extract produced statistically significant inhibition
of edema induced by carrageenan at nearly all doses (250-1000 mg/kg) when compared to
the control groups. The effect was dose-dependent. The highest activity was at 1000
mg/kg, and inhibited 77% of inflammation. The same activity (73 %) (P>0.05) was found
for Diclofenac at 100 mg /kg (Nabavi et a., 2011). The ethanolic extracts of Juglans regia
leaves exhibited potent anti-inflammatory activity (as potent as indomethacin) against
carrageenan-induced hind paw edema model in mice without inducing any gastric damage

(Erdemoglu et al., 2003) which goesin the line with our results.

The aqueous extract of the leaves of common walnut has proven to have great potential
for wound healing, as results showed total healing after 7 days of treatment in comparison

with a pharmaceutical product Madecassol which took 9 days for total healing.

The results of the healing activity are similar to those found on the leaves of aplant of the
same genus Juglans nigra L. (Logeeswari and Shubashini, 2012 ) and also with those
found using extracts from the fruit of Juglansregia (Afaf et d., 2018). The
phytochemical screening of Juglansregia L. has previously shown the presence of
saponins which, according to Bruneton (1999), have a healing activity. This can be the
reason behind the use of walnut leavesin folk medicine, as previously reported in Italy
(Idolo et a., 2010), but also the one conducted in the region of Blida (Bennacer et Cherif,
2017) that reported the same information about healing feet cracks and injury.

The absence of edemaiisjustified by the anti-inflammatory activity which the plant
possesses and which has already been mentioned previously in our ethnobotanical study
(Bennacer et Cherif, 2017).

5. Conclusion

The results from the present study show that Juglans regia has good anti-inflammatory,
analgesic and healing properties and this could explain the vast use and benefit of this
plant in folk medicine. Furthermore, the study also provided experimental evidence for the
effectiveness of Juglans regia in folk medicine for treating inflammation-associated
diseases such as rheumatism or pain aches such as headaches, but aso for healing wounds
like in the case of damaged feet. Therefore, Juglans regia should be further investigated
as potential source of anti-inflammatory, analgesic and healing compounds for

pharmacological purposes.
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