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ARTICLEINFO ABSTRACT

A"t.id.e Type: Introduction: Acacia tortilis ssp. raddiana is rich in bioactive phytochemicals, particularly

Original Article phenolic constituents, exhibiting antioxidant and anti-inflammatory activities. Therefore, this
. ) study investigated the phytochemical composition and analgesic, anti-inflammatory, and anti-

Article History: fibrotic effects of Acacia raddiana.
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Methods: The antinociceptive and anti-inflammatory effects of the hydroethanolic leaf extract
(0.5-1 g/kg) were evaluated in Swiss albino mice using the models of thermal nociception,
chemical nociception, and carrageenan-induced paw inflammation. The early therapeutic effects
of the leaf extract and gum solution were assessed in an experimental pulmonary fibrosis model
induced by bleomycin. The phytochemical composition was investigated using standard qualitative

Keywords:

Fil;/rosis and quantitative methods based on precipitation and colorimetric reactions. Moreover, the leaf
Pain extract was analyzed by high-performance liquid chromatography (HPLC) to identify phenolic

. compounds.

Inflammation . . . . . .
Oxidative stress Results: Phytochemical screening revealed flavonoids, saponins, tannins, anthraquinones,
Acacia gum coumarins, steroids, and triterpenes in the leaf extract, and saponins, terpenes, sterols, and
Collagegn coumarins in the gum. The polysaccharide content of the gum was estimated at 58.8% (w/w).

HPLC analysis showed that rutin was the major constituent of the leaf extract (24%). Pretreatment
with the extract (0.5-1 g/kg, p.o.)significantly reduced acetic acid-evoked writhing, carrageenan-
mediated paw swelling, and increased reaction latency in the hot plate test (P<0.01). Both the
extract and gum attenuated weight loss, oxidative damage, pulmonary collagen accumulation, and
inflammatory alterations associated with bleomycin-mediated lung injury.

Conclusion: These results may support the therapeutic potential of A. tortilis ssp. raddiana in pain,
inflammation, and pulmonary fibrosis.

Implication for health policy/practice/research/medical education:

The findings of this study support the potential of Acacia raddiana in evidence-based traditional medicine, with possible
applications in the treatment of pain, inflammation, and fibrosis, pending clinical validation. They also highlight the need for
further research to isolate active compounds, clarify mechanisms of action, and conduct clinical trials, as well as the importance
of integrating phytotherapy into medical education.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a disorder of the
lung interstitium with an unclear cause and poor prognosis
(1). It predominantly affects older adults, typically males
aged 60-70 years, often with a history of smoking. The
main clinical manifestations include exertional dyspnea
and a persistent dry cough (2).

The chemotherapeutic agent bleomycin induces
pulmonary fibrosis in 3-5% of treated patients, a side
effect that has been widely used to develop animal models
for studying the mechanisms of fibrosis (3-7). Genetic
mutations, including those in the surfactant protein C
gene, are associated with pulmonary fibrosis (8).

Oxidative stress is a hallmark of IPE. Patients exhibit
impaired antioxidant capacity in both bronchoalveolar
lavage fluid (BALF) and systemic circulation, along with
marked depletion of intracellular glutathione (9,10).
Elevated levels of oxidative stress biomarkers, including
8-isoprostane, are detected in BALF (11), and alveolar
macrophages from patients with IPF generate increased
superoxide anion (12). The inflammatory phase of
pulmonary fibrosis involves inflammatory cell infiltration,
vascular leakage, and pro-inflammatory cytokine release
following epithelial injury (13).

Current evidence suggests that fibrosis is driven mainly
by activated alveolar epithelial cells rather than chronic
inflammation alone. These cells promote fibroblast and
myofibroblast accumulation through mesenchymal
cell proliferation, fibrocyte recruitment, and epithelial-
to-mesenchymal transition. These fibroblast and
myofibroblast aggregates produce excessive extracellular
matrix, especially collagen, leading to irreversible lung
scarring and structural distortion (14). Receptor tyrosine
kinases have also been shown, in vitro and in animal
models, to play critical roles in mediating these fibrotic
processes (7). Despite advances in understanding the
pathophysiology of IPE, IPF treatment remains palliative,
highlighting the need for new therapies.

The multipathway nature of pulmonary fibrosis
offers multiple potential therapeutic targets. Natural
plant resources have attracted increasing attention as
potential agents for pulmonary fibrosis, as they may
act simultaneously on several pathological pathways,
including oxidative stress, chronic inflammation,
fibroblast activation, and collagen deposition, providing a
comprehensive approach to disease management (15-19).
In addition, these natural products often exhibit favorable
safety profiles and can be sustainably sourced, supporting
their use in preclinical and potentially clinical applications.
Their traditional use in alleviating inflammation, pain, and
respiratory disorders further supports their investigation
in pulmonary fibrosis. Collectively, these characteristics
make plant-based resources promising candidates for
early therapeutic intervention and for the development of
novel strategies to prevent or slow disease progression.

Acacia tortilis ssp. raddiana (Acacia raddiana) is a
leguminous tree widely distributed in the Saharan and
semi-arid regions of North Africa and the Sahel. Acacia
raddiana has shown analgesic and anti-inflammatory
properties (20-22), while the wood and roots are
traditionally used to relieve dry cough (20,23,24). In some
regions, preparations derived from A. raddiana are used to
relieve symptoms associated with pulmonary conditions
(25,26), suggesting potential anti-inflammatory and
protective effects at the respiratory level.

Although A. tortilis ssp. raddiana is traditionally used for
respiratory disorders in certain communities, no scientific
study has validated its effects on pulmonary diseases.
Therefore, this study aimed to evaluate the phytochemical
composition, analgesic and anti-inﬂammatory activities,
and early therapeutic potential in pulmonary fibrosis of A.
tortilis ssp. raddiana.

Materials and Methods

Preparation of Acacia raddiana extract

Fresh leaves and gums of A. raddiana were harvested
in southern Morocco and taxonomically identified by
Professor Ahmed Ouhammou. A reference specimen (No.
13956) was archived in the herbarium of the Laboratory
of Environment and Ecology. The leaves were dried, finely
ground, and subjected to maceration in 70% ethanol
at ambient temperature for 72 hours. After filtration,
the solvent was removed under vacuum using a rotary
evaporator. The aqueous residue was then freeze-dried
at —85 °C under approximately 0.05 mbar for 24 hours,
producing a dry extract yield of 14% (w/w). The gum was
dried at ambient temperature, reduced to fine particles,
and freshly suspended in distilled water each day before
oral administration to the animals.

Detection of bioactive compounds

Alkaloids

Alkaloids were identified using two different reagents.
Mayer’s reagent was added to 6 mL of filtrate or aqueous
gum solution. A yellow precipitate confirmed the presence
of alkaloids. Dragendorff’s reagent was added to 6 mL
of filtrate or aqueous gum solution. A red precipitate
indicated the presence of alkaloids (27).

Tannins

Tannins were detected by treating the filtrate or aqueous
gum solution with ferric chloride reagent. Development
of a dark blue or greenish-gray color indicated a positive
result (28).

Coumarins

The presence of coumarins was detected by fluorescence
under ultraviolet (UV) light after alkalinization of the
extract. The extract was dissolved in distilled water, and
10% NH,OH was subsequently added to the test solution.
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The presence of coumarins was indicated by fluorescence
emission under UV illumination, whereas no fluorescence
was observed in the untreated control solution (29).
Similarly, 1 mL of 10% ammonium hydroxide was added
to the gum placed on filter paper, and fluorescence was
subsequently observed under UV light. Fluorescence
under UV light confirmed the occurrence of coumarins.

Flavonoids

The filtrate and gum were treated with sodium hydroxide,
then hydrochloric acid was introduced into the mixture.
The yellow color observed in the sodium hydroxide
solution disappeared after dilute hydrochloric acid was
introduced, confirming the occurrence of flavonoids (30).

Anthraquinone

The gum or dried leaf extract were initially treated
with 10% ammoniacal solution (1 mL), followed by the
addition of chloroform (2 mL). Formation of a pink to red
coloration within the ammoniacal phase was indicative of
anthraquinone derivatives (30).

Saponins

The filtrate (0.5 mL) was diluted with water and vigorously
shaken. Similarly, the aqueous gum solution was stirred
for 15 seconds. The persistence of foam for 10 minutes
indicated the presence of saponins (28).

Steroidal and triterpenoid compounds

Steroidal and triterpenoid compounds were identified
after treatment of the extract (5 mL) with chloroform
(2 mL of chloroform) and concentrated sulfuric acid (3
mL). The formation of a reddish-brown coloration at the
interface between the chloroform and sulfuric acid layers
indicated the presence of steroids and triterpenes (31).

Quantitative analysis: Estimation of polysaccharide

The polysaccharide content of A. raddiana gum was
estimated using a colorimetric method based on the
phenol-sulfuric acid reaction (32). Initially, the blank
mixture was obtained by introducing sulfuric acid into
distilled water containing phenol reagent (5%). A glucose
standard solution (100 pg/mL) was freshly prepared using
distilled water as the solvent. Aliquots were then diluted
to obtain final sugar concentrations ranging from 28 to 84
pg/mL. To each aliquot, phenol reagent (5%) and sulfuric
acid were added, followed by a 10 minutes reaction period
prior to absorbance reading at 490 nm using the blank as
reference.

For the test sample, approximately 5 mg of A. raddiana
gum was dissolved in 50 mL of distilled water. An
aliquot of 1 mL of the solution was reacted with phenol
reagent (5%) and sulfuric acid, then allowed to stand
for 10 minutes prior to absorbance reading at 490 nm.
Polysaccharide concentration was subsequently estimated
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using the calibration curve.

High-performance liquid
profiling of the leaf extract
The extracts were analyzed by HPLC. Compound
separation was achieved on an HPLC system fitted with
a reversed-phase C18 column (4.6 um, 2.1 x 250 mm).
Elution was carried out using a solvent system composed
of absolute methanol and aqueous formic acid (0.1%). The
gradient elution program of absolute methanol in 0.1%
aqueous formic acid (v/v) was as follows: 5% (0-3 min),
25% (3-6 min), 25% (6-9 min), 37% (9-13 min), 37%
(13-18 min), and 54% (18-26 min).

Chromatographic analysis was performed at 25 °C
using a mobile phase flow of 1 mL/min and a 20 pL
injection volume to ensure optimal compound separation.
The HPLC data were used to identify the compounds
present in the prepared extract. Compound identification
was performed by comparison with authentic standard
compounds.

chromatography (HPLC)

Thermal nociception assay

The assay followed the procedure reported by Oehme et al
(33). Twenty-five male Swiss albino mice, food-deprived
for 12 hours with water provided ad libitum, were
allocated into four experimental groups and received oral
treatment (p.o.): control group, saline (10 mL/kg, used as
the vehicle); tramadol group, 0.04 g/kg; and A. raddiana
extract-treated groups, 0.5 or 1 g/kg. The administered
doses were chosen according to previous studies, which
showed that A. raddiana leaf extract at 2 g/kg body weight
caused no mortality or observable signs of toxicity in
experimental animals (34). The tramadol dose (0.04 g/
kg) was selected from previous rodent studies showing
effective analgesia without major sedative effects (35).
Thermal nociception was evaluated using a heated plate
adjusted to 55 = 1 °C. The latency time (s) between first
contact with the heated surface and the animals first
response (hind paw licking, jumping, or paw withdrawal)
was recorded, with a cut-off time of 20 seconds. Baseline
latency was measured 15 minutes before treatment,
whereas response latency was recorded 30 minutes after
treatment. Analgesic activity was calculated using the
following equation:

Maximum possible analgesia (%) = Response latency- Basic latency x100

Cut off time - Basic latency

Acetic acid-evoked abdominal constriction assay
Chemical-induced nociception was performed according
to the previous method described (36). Following fasting,
mice were assigned to four groups (n = 5):

e Control group: Mice received saline orally (0.1
mL/10 g body weight, p.o.) as the vehicle 30 minutes
before acetic acid (2%, 0.1 mL/10 g body weight).

e Acetylsalicylic acid group: Mice received
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acetylsalicylic acid (0.1 g/kg, p.o.) 30 minutes prior
to acetic acid administration. Acetylsalicylic acid was
used as a reference standard for peripheral analgesia
in this model.

e Acacia raddiana extract-treated groups: Mice
received the extract at doses of 0.5 or 1 g/kg (p.o.) 30
minutes preceding acetic acid treatment

In all groups, writhing episodes were counted for 30

minutes after acetic acid administration (2%).

Anti-inflammatory activity of the extract

The procedure of Sugishita et al (37) was used with minor
modifications. Before the experiment, mice were deprived
of food for 12 hours while water remained available ad
libitum. The animals were randomly allocated into four
groups (n = 5 per group) and received the following
treatments:

e  Control group: Mice received the vehicle orally (10
mL/kg, p.o.). After a 30 minutes treatment interval,
a subplantar injection of 0.1 mL of 1% carrageenan
was administered into the left hind paw. Paw
volume was evaluated 1, 3, 5, and 24 hours following
carrageenan administration.

e Indomethacin group: Mice received Indomethacin
(0.01 g/kg, p.o.), followed by carrageenan injection
and paw volume measurements as described for the
control group.

e Acacia raddiana extract-treated groups: Mice
received the extract orally at doses of 0.5 or 1 g/kg,
followed by carrageenan injection and paw volume
measurements as described for the control group.

The increase in paw volume was expressed as a

percentage of the baseline value using the following
formula:

(Volume after carrageenan treatment - Basal volume) x100

Change in paw volume (%) = Dasal volume
Early therapeutic effects of Acacia raddiana in pulmonary
fibrosis

Induction of pulmonary fibrosis

Thirty male Swiss albino mice (8-10 weeks old, 28-36 g)

were divided into six groups (n = 5) and housed under

standard laboratory conditions with ad libitum access to
food and water. Animals received intratracheal instillation
of bleomycin (4 mg/kg) in saline or saline alone, as

previously described (38).

o Control group: Mice received intratracheal saline
followed, seven days later, by oral administration of
saline (p.o.) once daily for 14 days.

o Bleomycin group: Mice received intratracheal
bleomycin (0.004 g/kg) followed, seven days later, by
oral administration of saline once daily for 14 days. The
0.004 g/kg intratracheal dose of bleomycin was selected
from previous studies reporting reproducible induction
of pulmonary inflammation and fibrosis with acceptable

survival. Bleomycin was administered intratracheally
under light anesthesia using a standardized procedure to
ensure uniform pulmonary distribution and minimize
experimental variability (39).

o Bleomycin + Acacia raddiana extract-treated groups:
Seven days after bleomycin administration, mice
received Acacia raddiana extract orally at doses of 0.5 or
1 g/kg (p.o.) once daily for 14 days.

o Bleomycin + Acacia raddiana gum-treated groups: Seven
days after intratracheal bleomycin administration, mice
received an aqueous gum solution of Acacia raddiana
orally at doses of 0.5 or 1 g/kg (p.o.) once daily for 14
days. The doses of 0.5 and 1 g/kg were selected based on
an acute toxicity study, which showed no mortality or
toxic effects at 5,000 mg/kg, indicating that these doses
were safe and suitable for biological evaluation (40).
At study termination, animals were first placed under

anesthesia using chloral hydrate prior to euthanasia by

cervical dislocation. The lungs were then excised for
biochemical analysis and histological examination.

Biochemical analysis

Lung tissue malondialdehyde assay

Malondialdehyde (MDA) levels were determined using
the method of Heath and Packer (41). Lung tissue was
homogenized in trichloroacetic acid (10%, w/v) and
acetone (90%, v/v). The use of trichloroacetic acid (TCA)-
acetone in the sample preparation step serves to precipitate
proteins and remove non-lipid interfering substances,
thereby improving the specificity and reliability of the
assay. The homogenate was centrifuged at 8,000 x g for 15
minutes, and 250 pL of the supernatant was collected and
mixed with 0.5 mL of 0.1% (v/v) phosphoric acid and 0.5
mL of0.6% (w/v) thiobarbituricacid. The reaction medium
was heated at 100 °C for 30 minutes. After incubation,
1-butanol (0.75 mL) was added, and the preparation was
recentrifuged at 8,000 x g. The absorbance of the butanol
phase was then measured at 532 nm. Absorbance at 600
nm was also recorded to correct for interference from
pigments or other substances absorbing at 532 nm. Lipid
peroxidation levels were determined using the following
equation:

Malondialdehyde concentration = (4532 = 4600)x 22
£x1000x0.25xm

Where:

Malondialdehyde concentration was expressed as uM/g of
lung tissue

e=156x10°M" cm™

m = lung tissue weight (g)

Assay of peroxidase in lung tissue

Peroxidase activity was assessed following the method of
Chance and Maehly (42). Briefly, 0.1 mL of lung tissue
homogenate was added to a reaction mixture containing
2.9 mL of 50 mM phosphate buffer (NaH,PO./Na,HPO,,
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pH 7.4), 0.5 mL each of guaiacol reagent (0.05 M) and
diluted H;O, solution (0.03%). The assay was conducted
at 25 = 1 °C. Absorbance change was monitored at 470
nm over 3 minutes, and enzyme activity was calculated
from the slope (AA/min) using the Beer-Lambert law.
Peroxidase activity was reported as U/g of tissue.

Assay of catalase in lung tissue

Lung tissue samples were mechanically homogenized
using a 50 mM phosphate buffer solution (pH 7.0)
prepared from NaH,PO, and Na,HPO,, then centrifuged
to obtain the supernatant. The assay mixture consisted of
1.0 mL of 50 mM phosphate buffer (pH 7.0), 0.1 mL of
supernatant, and 0.4 mL of hydrogen peroxide solution
(0.2 M). The reaction was conducted at 25 + 1 °C. After
incubation, 2.0 mL of dichromate-acetic acid reagent was
added to terminate the reaction, followed by incubation
at 100 °C for 10 minutes. Absorbance measurements were
taken at a wavelength of 620 nm. Catalase activity was
expressed as pmol of H,O, decomposed per minute (uM/
min) (42).

Histological analysis of mouse lungs
Lung samples were fixed in buffered formalin (10%) and
paraffin-embedded. Sections (4 um) were stained with
H&E for histopathological examination and Masson’s
trichrome for collagen assessment.

Statistical analysis

Statistical analysis was performed using one-way
ANOVA followed by Tukey’s multiple-comparison test in
GraphPad Prism (version 9.0.0). Statistical significance
was established at P < 0. 05. Data are reported as mean
values + SEM.

Acacia tortilis against pain, inflammation, and fibrosis

Results

Bioactive compounds identified in Acacia raddiana leaf
extract

Phytochemical profiling revealed flavonoids, saponins,
tannins, anthraquinones, coumarins, steroids, and
triterpenes in the leaf extract, while the gum contained
mainly saponins, terpenes, sterols, and coumarins. HPLC
analysis revealed rutin as the principal constituent of the
leaf extract, accounting for 24% of the total identified
compounds (Figure 1). The polysaccharide content of the
gum was estimated to be 58.8% (w/w).

Thermal and chemical nociceptive responses in mice
treated with Acacia raddiana

The results of the thermal stimulation test were expressed
as the percentage of maximum possible analgesia.
Administration of A. raddiana leaf extract (0.5-1 g/
kg) significantly increased the percentage of maximum
possible analgesia compared with the vehicle-treated
group (P < 0.01), as shown in Table 1. The analgesic
activity of the A. raddiana leaf extract was comparable to
that of tramadol.

Acetic acid-induced nociceptive responses were
characterized by an increased number of writhes, as shown
in Table 1. The reference drug, Aspirin, significantly
attenuated the nociceptive behavior induced by acetic
acid (P < 0.01). Similarly, the A. raddiana extract (0.5-1 g/
kg) significantly decreased writhing responses relative to
untreated animals (P < 0.001 to P < 0.0001).

Acacia raddiana reduces carrageenan-evoked paw inflammation
As shown in Figure 2, intraplantar injection of carrageenan
induced a significant increase in paw volume in the
control group (175 + 51% after 24 hours). Pretreatment
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Figure 1. UV-Vis spectra and HPLC chromatograms of standard rutin and rutin identified in Acacia raddiana leaf extract.
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Table 1. Effects of Acacia raddiana leaf extract on thermal and chemical nociceptive responses in mice

Acacia raddiana leaf extract

Tests Parameters Vehicle Reference drug

0.5 g/kg 1g/kg
Hot plate test Percentage of maximum possible analgesia  17.28 + 3.9 64.48 £ 9.8** 66.06 + 9.4%* 50.8+3.4"
Acetic acid-induced writhing test Number of writhes 7327 28.8 + 8** 18.2 £ 7%+ 14.2 & g¥¥**

The data are expressed as mean + SEM. Statistical significance: **P < 0.01, ***P < 0.001, ****P < 0.0001 vs the vehicle-treated group. Vehicle: distilled water.
Tramadol and acetylsalicylic acid served as reference drugs for thermal and chemical nociception tests, respectively.

with A. raddiana leaf extract and Indomethacin
significantly inhibited paw edema throughout all phases
of carrageenan-induced inflammation.

Early therapeutic effects of Acacia raddiana in
experimental pulmonary fibrosis triggered by bleomycin
Changes in body weight in mice

A single intratracheal administration of bleomycin
induced a significant loss of body weight. Treatment with
Acacia raddiana markedly attenuated this effect (Figure 3).

Acacia raddiana attenuated bleomycin-induced oxidative
stress in mouse lung tissue

All results are presented in Table 2. Bleomycin significantly
increased malondialdehyde levels and peroxidase activity
(P < 0.0001) and significantly decreased catalase activity

compared with the control group (P < 0.0001).

Acacia raddiana leaf extract significantly reduced
malondialdehyde levels and peroxidase activity compared
with the bleomycin-treated group (P < 0.0001). At 0.5 g/
kg, the extract further decreased catalase activity, whereas
at 1 g/kg significantly increased catalase activity compared
with bleomycin alone (P < 0.0001).

Acacia  raddiana  gum  significantly  decreased
malondialdehyde levels (P < 0.01) and peroxidase activity
(P < 0.0001) and significantly increased catalase activity
(P < 0.01 and P < 0.0001 at 0.5 and 1 g/kg, respectively)
compared with the bleomycin-treated group.

Acacia raddiana attenuated bleomycin-induced inflammatory
cell infiltration in mouse lungs
No obvious infiltration of inflammatory cells was observed

2504 — Control
& — Indomethacin
3 200 — A raddiana extract (0.5 g/kg)
£ — A. raddiana extract (1 g/kg)
2 150
>
% * *
2 1004
2
=
S 504
=
0 1 T T T T
0 1 3 5 24
Time after carrageenan injection (hour)

Figure 2. Anti-inflammatory effect of Acacia raddiana leaf extract in the carrageenan-induced paw inflammation. Significance level: **P < 0.01 relative to
control. Paw edema was significantly inhibited by both the extract and indomethacin during the early and late phases of inflammation compared with the

control group.

Body weight variation (%)

Control

Bleomycin

Bleomycin + 4. raddiana extract (0.5 g/kg)
Bleomycin + A. raddiana extract (1 g/kg)
Bleomyecin + A. raddiana gum (0.5 g/kg)
Bleomycin + A. raddiana gum (1 g/kg)

Time (day)

Figure 3. Body weight (%) of mice during the experimental period. Body weight variation (%) was determined using the following equation: (body weight on a
given day x 100) / initial body weight. On day 21, all treated groups showed results that were significantly different from the bleomycin group, with P < 5%.
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Table 2. Reversal of bleomycin-induced oxidative stress in mouse lungs by Acacia raddiana

Oxidative stress markers

Experimental groups Dose of gum/extract Catalase activity

Malondialdehyde levels Peroxidase activity

k M of H,0, degraded "
(pmol/g tissue) (M of H, 2 esrade (U/g tissue)
per minute)
Control 2471 +3.75 3689 +9.40 0.19 + 0.002
Bleomycin 187.5 £ 3.09**** 2748 £ 3.69**** 0.46+ 0.007****
0.5 g/kg 74.90 & 0.67%% 1893 + 7.76%% 0.24 + 0,027
Bleomycin + Acacia raddiana extract
1 g/kg 63.98 + 5.07%% 3324 £ 2.12%% 0.27 + 0.008%*
0.5 g/kg 28.54 + 2.89* 3207 +9.09% 0.19 + 0.00%#
Bleomycin + Acacia raddiana gum
1 g/kg 31.11 + 6.49% 3579 + 6% 0.20 + 0.01%**

Statistical significance is denoted as follows: ****P < 0.0001 vs control group; **P < 0.01, ***P < 0.001 and #*P < 0.0001 vs bleomycin group. Malondialdehyde
concentrations are expressed as pmol/g tissue. Peroxidase activity is expressed as U/g tissue. Catalase activity is expressed as pM of HzO: degraded per minute
(UM/min).

in the control group (Figure 4). Lung tissue sections from
the bleomycin-treated group showed marked infiltration
of inflammatory cells (green arrows) compared with the
control group. These histopathological alterations were
markedly attenuated by treatment with A. raddiana
gum (0.5-1 g/kg) and A. raddiana leaf extract (1 g/kg).
However, the 0.5 g/kg dose of the leaf extract failed to
alleviate the severe infiltration of inflammatory cells.
Acacia raddiana attenuated bleomycin-induced collagen
deposition in lung tissue

Lung tissue sections from the bleomycin-treated group

showed excessive collagen deposition (red circle). This
histopathological alteration was attenuated by treatment
with A. raddiana (Figure 5).

Discussion

The anti-fibrotic potential of A. raddiana was investigated.
Pulmonary fibrosis was induced in mice by a single
intratracheal instillation of bleomycin. Three weeks
after bleomycin administration, the results revealed
advanced pulmonary fibrosis, as evidenced by increased
malondialdehyde levels, altered catalase and peroxidase

Bleomycin Bleomycin + A. raddiana  Bleomycin + A. raddiana  Bleomycin + A. raddiana  Bleomycin + A. raddiana

Control
A4 T PA
0, -‘Q

0 "

A S "
g ;
. } \
A 1
Figure 4. Hematoxylin and eosin-stained lung tissue sections from mice on day 21 post-intratracheal injection of saline or bleomycin (4 mg/kg), with or without

oral treatment with Acacia raddiana (Magnification x400). Bleomycin caused inflammatory cell infiltration (green arrows) compared with saline control, which
was alleviated by Acacia raddiana gum (0.5-1 g/kg) and leaf extract (1 g/kg), but not by leaf extract at 0.5 g/kg.

Bleomycin + A. raddiana Bleomycin + A. raddiana Bleomycin + A. raddiana Bleomycin + A. raddiana
extract (0.5 g/k; g/kg) gum (0.5 g/kg)
= ¥, S

S A"
%)

Bleomycin

Figure 5. Collagen staining in lung sections using Masson’s trichrome (x400). The red circle indicates collagen deposition. The Bleomycin group exhibited
excessive collagen deposition.
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activities, pronounced inflammation, and extensive
collagen deposition. These findings are consistent with
the well-established progression pattern of bleomycin-
induced pulmonary fibrosis, which involves three stages:
an early inflammatory phase (1-7 days after endotracheal
bleomycin administration); a transitional phase
characterized by gradual resolution of inflammation and
maximal expression of interstitial collagen-related genes
(7-14 days post-bleomycin); and a chronic phase marked
by sustained collagen deposition during the third week
after bleomycin administration (13,43,44). In addition,
oxidative stress plays a key role in the pathophysiology of
pulmonary fibrosis (10,12,44-48).

Treatment with A. raddiana was initiated on day 7
after bleomycin administration and continued once
daily for 14 days. This treatment schedule allowed the
evaluation of an early therapeutic intervention rather
than a purely preventive effect. A. raddiana significantly
attenuated fibrotic changes, suggesting that its anti-
fibrotic activity may be mediated through antioxidant and
anti-inflammatory mechanisms, as well as inhibition of
collagen synthesis.

The 0.5 g/kg dose of A. raddiana leaf extract
significantly reduced oxidative stress markers but did not
markedly attenuate inflammatory cell infiltration in lung
tissue. This apparent discrepancy may reflect a partial
dissociation between oxidative stress and inflammatory
cell recruitment in bleomycin-induced pulmonary
fibrosis. Such dissociation has been previously reported,
whereby oxidative injury may persist independently
of inflammatory cell infiltration and may not be fully
reversed by antioxidant interventions alone (4,49-51).

The anti-fibrotic activity observed in bleomycin-
induced pulmonary fibrosis may result from the combined
action of several classes of bioactive metabolites identified
in both the leaf and gum extracts of A. raddiana. In the
leaf extract, flavonoids are likely to be major contributors,
particularly rutin, which was identified by HPLC as the
principal constituent, accounting for 24% of the total
identified compounds. Flavonoids, including rutin, have
been reported to attenuate pulmonary fibrosis through
antioxidant activity, Inhibition of fibroblast activation
via suppression of transforming growth factor-p (TGF-p)
signaling, and inhibition of collagen deposition (45). In
the gum of A. raddiana, the high polysaccharide content
(58.8% w/w) may play a central role in the observed
protective effect, since plant polysaccharides are known to
reduce oxidative stress, modulate immune responses, and
suppress pro-fibrotic signaling pathways (52,53).

Pain and fibrosis are interconnected consequences
of sustained tissue injury. While the analgesic effect
of A. raddiana gum has been reported by Agouram et
al (40), the present study evaluated the analgesic and
anti-inflammatory properties of the leaf extract using
three experimental models: thermal nociception test,

abdominal constriction assay, and carrageenan-induced
paw inflammation. The hot plate test is a standard
method for assessing centrally acting analgesics (54). This
model evaluates supraspinal nociception by measuring
the latency of responses such as paw licking or jumping
following thermal stimulation (55,56). Increased latency
or percentage indicates central antinociceptive activity.
Acute oral administration of A. raddiana leaf extract
significantly increased analgesia in the hot-plate test,
with effects comparable to tramadol, supporting a central
analgesic effect potentially mediated via the opioidergic
system. This central effect may be primarily attributed to
flavonoids, particularly rutin, consistent with evidence
that flavonoids can interact with opioid receptors and
modulate nociceptive pathways. Indeed, flavonoids have
been identified as potential opioid receptor ligands (57),
and flavonoid-rich extracts have demonstrated naloxone-
sensitive antinociceptive effects in experimental models
(58).

The acetic acid writhing assay is widely used to assess
the analgesic action of weak pain-relieving agents (59,60).
Writhing results from prostaglandin-induced nociceptor
sensitization. Pretreatment with A. raddiana leaf extract
reduced acetic acid-induced writhing, suggesting
inhibition of prostaglandin synthesis. This effect is most
likely mediated by flavonoids, particularly rutin (24% of
the extract), which are known to suppress prostaglandin
synthesis through inhibition of cyclooxygenase activity
and modulation of arachidonic acid metabolism (61).

Carrageenan-induced inflammation occurs in two
phases. The initial inflammatory stage (0-1 h) primarily
results from early liberation of histamine, serotonin, kinins
such as bradykinin, and nitric oxide. This phase reflects
an acute vascular response characterized by increased
capillary permeability and edema formation, associated
with mast cell activation and vasoactive mediators (62,63);
The late phase (1-24 hours) involves the upregulation
and activation of cyclooxygenase-2 and inducible nitric
oxide synthase, leading to increased production of
prostaglandins, pro-inflammatory prostanoids, and
nitric oxide. This phase also includes the release of pro-
inflammatory cytokines, neutrophil infiltration, and
free radical generation, contributing to the amplification
and maintenance of the inflammatory response (64,65).
The leaf extract of A. raddiana significantly reduced
carrageenan-induced edema, suggesting inhibition of
prostaglandins, pro-inflammatory cytokines, nitric oxide
production, and oxidative stress.

Limitations of the study

The use of crude leaf and gum extracts prevented precise
attribution of the biological activities to individual
constituents. In addition, molecular mechanisms were not
tully explored, particularly key pathways such as TGF-p/
Smad signaling, NF-kB signaling, and apoptotic markers,
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which limit mechanistic interpretation of the anti-fibrotic
effects.

Conclusion

Acacia tortilis ssp. raddiana exhibited notable analgesic
and anti-inflammatory effects, reducing nociceptive
responses and inhibiting carrageenan-induced edema.
In the bleomycin-induced pulmonary fibrosis model,
both the leaf extract and gum (0.5-1 g/kg) alleviated
oxidative stress, inflammation, and collagen deposition.
Phytochemical screening showed that the leaf extract
contains flavonoids, saponins, tannins, anthraquinones,
coumarins, steroids, and triterpenes, whereas the gum
contains saponins, terpenes, sterols, and coumarins. Rutin
was identified as the major constituent of the leaf extract
(24%). The gum was rich in polysaccharides (58.8% w/w).
These findings support the therapeutic potential of A.
raddiana against pain, inflammation, and pulmonary
fibrosis.
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