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Abstract
Background  With the emergence of many side effects from synthetic drugs, there is an urgent need to find a natural 
alternative to these products. Therefore, our primary aim was to evaluate the anti-inflammatory activity of Tamarix 
aphylla (TA) and investigate the potential mechanism underlying this action.

Methods  Initially, to ensure the safety of the extract and for dose selection, we performed an acute oral toxicity Assay 
through the oral administration of graded doses up to 4 g\kg in Wistar rats. then, we used the carrageenan-induced 
edema model to elucidate the anti-inflammatory activity. Using specific ELISA kits, we measured the levels of TNF-α, 
IL-1β, COX-2 and NO inside the inflamed paw tissue. Finally, for the in-vitro anti-inflammatory experiment, we used the 
erythrocyte membrane stability test.

Results  Based on the acute oral toxicity assay, T. aphylla was considered generally safe and three different doses of 
100, 200, and 400 mg/kg were chosen for further experiments. Additionally, TA expressed a significant (P < 0.05) anti-
inflammatory activity, showing the maximum inhibition percentage at the fifth hour of measurement at 53.47% and 
70.06%, at doses of 200 and 400 mg/kg respectively, compared to 63.81% for the standard drug. Similarly, we found 
that TA effectively reduced the levels of TNF-α and IL-1β at all tested doses (100-200-400 mg/kg) to a greater extent 
than the standard drug. Moreover, at 400 mg/kg, TA was able to significantly lower the levels of COX-2 and NO inside 
the inflamed tissue to a level comparable (P < 0.05) with that measured inside the paw tissue of normal rats. Finally, 
Tamarix aphylla at 100, 200 and 400 mg/kg doses significantly (P < 0.05) inhibited the heat-induced hemolysis of RBCs 
membrane by 67.78, 74.82 and 82.08%, respectively, compared to 83.89% produced by Aspirin.

Conclusion  T. aphylla produced a significant (P < 0.05) anti-inflammatory activity compared to the standard drugs 
either through the reduction of pro-inflammatory mediators or the protection of the lysosomal membrane.
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Background
Inflammation is a non-specific process that is regu-
lated by the body as a protective mechanism against 
tissue injury or infection. While inflammation is consid-
ered a normal physiological event, it can lead to serious 
pathological complications or worsen major diseases if 
homeostatic control is disrupted [1, 2]. Several markers 
have a crucial role in inflammation progression includ-
ing cytokine receptors, nitric oxide (NO), tumor necrosis 
factor-alpha (TNF-α), chemokines, interferons and pro-
inflammatory enzymes such as cyclooxygenase (COX-2) 
[3, 4]. All these mediators are considered the main targets 
of the anti-inflammatory agents. Among these cytokines, 
TNF-α is a common pro-inflammatory cytokine released 
during acute inflammatory processes. Other contributors 
to inflammation are IL-1β, COX-2 and NO [5–7].

Regrettably, there are many emerging side effects due 
to the frequent use of synthetic drugs. Side effects range 
from minor symptoms to life-threatening ones. Annually, 
thousands of patients die from apparently safe over-the-
counter medication [8, 9]. On top of that, around 8% of 
American hospital admissions are due to manufactured 
drugs ‘side effects. That’s why, there is a renewed interest 
in complementary medicine and people each year back 
to it, believing that herbals are free from any side effects 
[10].

Tamarix aphylla (TA), Athel pine, is an evergreen tree 
which belongs to Tamaricaceae family. It is natively found 
in Asia, North Africa and southeastern Europe [11]. In 
folk medicine, T. aphylla has many values, anti-oxidant, 
anti-microbial diuretic, anthelmintic, internal tumors, 
inflammation and joint pains [12]. Furthermore, Many 
previous investigations were carried out on TA plant 
indicating the presence of many pharmacological and 
therapeutic activities such as antipyretic, analgesic, anti-
rheumatic, anti-inflammatory [13, 14] hepatoprotective, 
antioxidant [15, 16], and antimicrobial [17, 18].

Nevertheless, most of the information regarding the 
safety and effectiveness of TA as an anti-inflammatory 
plant is still based on its historical beliefs. Besides, the 
current experimental studies on the leaves, to detect their 
pharmacological and therapeutic values, are not enough. 
Therefore, our study aimed to detect to what extent the 
extract is relatively safe and to assess its anti-inflamma-
tory activity.

Materials
Plant collection and identification
Aerial parts of Tamarix aphylla L. were collected from 
medium-aged trees from El-Nubaria city, 75  km Cairo-
Alexandria desert road, Egypt, in March 2020. The plant 
was identified by Agriculture Engineer Mrs. Therese 
Labib, Senior Botanist, Orman Botanic Garden, Giza, 
Egypt. The plant name was verified with the plant list 

(http://www.theplantlist.org/). Voucher specimens of 
T. aphylla L. (Sp. # TA 3.4.2020) were deposited at the 
Department of Pharmacognosy, Faculty of Pharmacy, 
Cairo University, Egypt. The plant was thoroughly 
cleaned using water and dried under shade.

Chemicals and drugs
Carrageenan λ (Sigma Lambda, USA) and diclofenac 
(Declophen®) were purchased from Pharco Pharmaceu-
tical (Alexandria, Egypt), ELISA kits (TNFα and IL-1β) 
were purchased from the ABclonal company (Immuno-
Biological Laboratories (IBL)-America, Minneapolis, 
USA, catalogue number: RK00029). Rat Cyclooxygenase 
2 (COX2) ELISA Kit (catalogue number: MBS020734) 
and Nitric Oxide Microplate Assay Kit, (catalogue 
number: MBS8243214) were purchased from MYBIO-
SOURCE company.

Animals
Wistar albino rats (140–200  g) were obtained from the 
animal house at the Faculty of Veterinary Medicine-Suez 
Canal University. For adaptation, the animals were given 
seven days. The rats were housed under standard labora-
tory conditions with a controlled environment of temper-
ature (23 ± 3 °C), humidity (60% ± 10%), and a 12 h light/
dark cycle, and kept in polypropylene cages in groups 
of five and provided with free access to standard rodent 
pellet diet and tap water. All experiments were done at 
the Pharmacology Department, Faculty of Veterinary 
Medicine-Suez Canal University. Animal handling and 
care during the experiments were conducted according 
to standard guidelines and the study is reported under 
ARRIVE guidelines with approval No (202,014) [19].

Methods
Plant preparation and standardization
To prepare the Tamarix extract for HPLC analysis, 50 mg 
of the extract was dissolved in methanol using sonica-
tion and the volume was made up to 50 ml. The result-
ing solution was injected into HPLC in triplicate. For the 
extraction of the powder, 500 g of it was extracted twice 
with 2000 ml of methanol. The solvent was then evapo-
rated under reduced pressure, and the extract was stored 
at 4 °C.

Chromatographic conditions
Chromatographic analysis was carried out using Agilent 
1260 Infinity Quaternary LC, supplied with Agilent 1260 
Infinity; Quaternary Pump (G1311B), and Diode Array 
Detector (G1315D, VL) coupled to Agilent Open LAB 
Chem Station B.04.03 software. Analytes were separated 
on Agilent Zorbax Eclipse XDB-C18 (250 mm× 4.6 mm 
i.d., 5 μm particle diameter) protected with Agilent Zor-
bax XDB-C18 pre-column (Agilent Technologies, Palo 

http://www.theplantlist.org/
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Alto, CA, USA). The flow rate of 1.0 mL/min and the UV 
detector was set at 320  nm. Separation was performed 
with 0.1% trifluoroacetic acid in acetonitrile (A) and 0.1% 
trifluoroacetic acid in water (B) and gradient elution pro-
gram at a flow rate of 1 ml/min starting with 20% A in B 
for 5 min, 20–30% A/B in 5 min, 30–50% A in B in 5 min, 
50–100% A in B in 10  min followed by washing with 
100% A for 5 min.

Establishment of the standard calibration curve
A standard calibration curve of standard ferulic acid 
(Fig.  1) was drawn in concentrations ranging from 25.0 
to 200 µg/ml.

Acute oral toxicity
The acute oral toxicity model was carried out according 
to the method of Organization for Economic Co-opera-
tion and Development (OECD) guidelines for the testing 
of chemicals [20]. After fasting overnight with water ad 
libitum, five rats were assigned to the experimental and 
control group. The methanolic extract of TA was admin-
istered orally in different graded doses (up to 4,000 mg/
kg BW) using rat oral gavage. The animals were moni-
tored for any changes in their autonomic or behavioral 
responses for four days. An observation was conducted 
daily to record any death, illness, or treatment-related 
side effects. The animals were observed for two weeks 
[21].

Anti-inflammatory activities
In-vivo anti-inflammatory activity
Carrageenan-induced paw edema  The potential anti-
inflammatory action was measured using a carrageenan-
induced rat paw edema assay [22]. The paw inflammation 
and edema were induced by injecting 0.1 ml of 1% freshly 
prepared suspension of carrageenan into the right foot-
pad of all rats in the five groups. The left hind paw was left 
untreated and used as a control to calculate the change in 
paw thickness. The progression of paw edema was mea-

sured at 0, 1, 2, 3, 4, and 5-hour intervals using a digi-
tal Vernier caliper. Thirty-animals were divided into five 
groups, each consisting of six rats. One hour before car-
rageenan injection, the first three groups were pretreated 
with TA at doses of 100, 200, and 400 mg/kg respectively. 
The remaining two groups received distilled water (con-
trol) and diclofenac sodium (reference drug).

The percent of the edema’s inhibition was calculated 
in comparison to the control groups as per the formula 
shown below:

	

(Change in control − Change in treatment) ∗ 100
Change in control

Where the change of paw thickness values was calculated 
from the difference between the left and the right paw 
volumes.

Assessment of the IL-1β, TNF-α, NO and COX-2 lev-
els in the rat paw  The levels of TNF-α, IL-1β, NO, and 
COX2 in the tissue were determined using an enzyme-
linked immunosorbent assay (ELISA) method [23]. After 
the fifth reading, Animals were humanely euthanized 
by cervical dislocation and the paws were removed. The 
samples were stored at a temperature of -20 °C to be pro-
cessed for TNF-α, IL-1β, NO, and COX2 determination. 
The subcutaneous tissue of the right paw and that sur-
rounding the tarso-tibial joints were homogenized in PBS 
with a pH of 7.4. The homogenates were then centrifuged 
at 10,000  rpm for 10 min at a temperature of 4  °C. The 
levels of IL-1β and TNF-α in the supernatants were deter-
mined using a quantitative sandwich enzyme immunoas-
say technique according to the manufacturer’s instruc-
tions. Briefly, the microtiter plate (provided in this kit) 
has been pre-coated with a specific monoclonal antibody. 
After pipetting the samples into the wells of this plate, all 
unbound material was washed away. The target cytokine 
in standards and samples was caught by the immobilized 

Fig. 1  Standard calibration curve of ferulic acid
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monoclonal antibody in the plate and a secondary bio-
tinylated polyclonal antibody, which is recognized by a 
streptavidin-antibody. Subsequently, the developed color 
was stopped, and the plates were read at a wavelength of 
490 nm using an ELISA reader, and standard curves were 
established to calculate the concentration of each param-
eter.

In-vitro experiments
Red blood cells (RBCs) suspension  Blood was obtained 
from the retro-orbital plexus of healthy rats using the 
intraperitoneal injection of Ketamine and Xylazine (70 
and 10 mg/kg, respectively). Blood was collected in tubes 
containing heparin to prepare RBC suspension. The tubes 
were then centrifuged at 3000  rpm for 15  min at room 
temperature, and the supernatant was removed. The RBCs 
were washed thoroughly three times using phosphate buf-
fer saline (PBS) with a pH of 7.4. A 10% of the cell suspen-
sion was prepared using PBS and used in the assays.

Heat-induced hemolysis
The mixture for the reaction (2 ml) contains 1 ml of RBC 
suspension (10%) and 1  ml of various concentrations of 
test samples such as standard drugs or plant extract. Con-
trol tubes were treated with saline solution. After incuba-
tion at 56 °C for 30 min, the tubes were cooled using tap 
water. Then, the tubes were centrifuged at 2500 rpm for 
five minutes, and the absorbance of the supernatant was 
measured at a wavelength of 560  nm [24]. The experi-
ment was performed three times for each of the test sam-
ples. The inhibition percentage in tubes was calculated 
using the following formula:

	
% inhibition of hemolysis = 100−

[
1−

(
OD2− OD1

OD3− OD1

)]

Where: OD1 = Test sample unheated OD2 = Test sample 
heated and treated OD3 = control heated sample.

Statistical analysis
All data were expressed as mean ± SE and analyzed statis-
tically using Statistical Package for Social Science (SPSS) 
version 25.0 for Windows (SPSS Inc, Chicago, IL). The 
statistical significance of differences among different 
study groups was evaluated by one-way analysis of vari-
ance (ANOVA). Differences were considered significant 
when the p-value was greater than 0.05. To determine 
differences between means of treatments at significance 
rates of 0.05, Duncan’s multiple range test was used.

Results
HPLC analysis of Tamarix aphylla methanolic extract
From standard calibration curve and the equation 
Y = 210.06X − 946.89 the concentration of ferulic acid 
was determined to be 1.42% (Fig. 2).

Acute oral toxicity of Tamarix aphylla extract
The methanolic extract of T. aphylla plants did not cause 
any toxic symptoms or mortality in Wistar rats when 
given a single graded dose of up to 4000 mg/kg BW. The 
animals were observed for 14 days, during which no 
observable behavioral changes were noted. Addition-
ally, there were no instances of drug-related morbidity or 
mortality throughout the experiment.

Fig. 2  HPLC chromatographic separation of Tamarix aphylla methanolic extract
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Anti-inflammatory activities
In-vivo anti-inflammatory activity
Treatment with Tamarix aphylla extract significantly 
reduced the mean paw volume in rats  The thickness 
of the rat paw was noticeably increased after the intra-
planter injection of carrageenan. However, Tamarix 
aphylla significantly reduced paw inflammation in a dose-
dependent manner. Even when compared to the refer-
ence drug diclofenac, the extract showed potent effects 
by reducing paw thickness or inflammation inhibition 
percentage throughout the five-hour experiment period 
(Table 1).

Tamarix aphylla extract significantly reduced the con-
centrations of tumor necrosis factor-alpha (TNF-α) 
and interleukin 1-beta (IL-1β) inside the rat paw tis-
sue  To measure the amount of TNF-α and IL-1β, the rat 
paw homogenate was utilized. The concentration of IL-1β 
and TNF-α was substantially increased by the sub-planter 
injection of carrageenan. However, Tamarix aphylla sig-
nificantly reduced the concentration of TNF-α (rang-
ing from 21 ± 0.68 to 48.9 ± 2.1) and IL-1β (ranging from 

17.45 ± 1.24 to 42.08 ± 1.30) in a dose-dependent manner 
in tissue (Figs. 3 and 4).

Treatment with Tamarix aphylla extract substantially 
reduced cyclooxygenase 2 (COX-2) and nitrous oxide 
(NO) inside the rat paw tissue  The carrageenan treated 
group showed a significant increase in both COX-2 and 
NO. However, Tamarix aphylla at a dose of 400  mg/kg 
resulted in a marked reduction in the level of COX-2 and 
NO, which was statistically equivalent to the concentra-
tion of the normal group. The standard drug (Declophen) 
also reduced the concentration of both COX-2 and NO 
to reach 10.60 ± 0.51 and 18.09 ± 1.49, respectively. Nev-
ertheless, the effect of the plant extract was more potent 
than that of the standard drug (Figs. 5 and 6).

In-vitro anti-inflammatory
Tamarix aphylla extract significantly protected the 
erythrocyte membrane against heat-induced hemoly-
sis  The findings of the erythrocyte membrane stabiliza-
tion test indicated that the plant extract had a potent abil-
ity to protect the RBC membrane against heat-induced 

Table 1  Changes in rats paw thickness in carrageenan-induced inflammation
Group Dose (mg/kg) Change in paw thickness in mm (hours post treatment)

1st 2nd 3rd 4th 5th
Saline – 2.28 ± 0.27a 2.54 ± 0.39a 3.59 ± 0.43a 3.22 ± 0.29a 3.11 ± 0.68a

Diclofenac sodium 10 1.32 ± 0.26b

(38.66)
1.29 ± 0.26bc

(55.71)
1.31 ± 0.19cd

(61.78)
1.36 ± 0.23c

(60.51)
1.22 ± 0.28b

(63.81)

TA 400 1.09 ± 0.31b

(54.62)
0.78 ± 0.24c

(67.41)
0.84 ± 0.27d

(69.78)
1.11 ± 0.16c

(73.63)
1.22 ± 0.23b

(70.06)

200 1.58 ± 0.26ab

(35.75)
1.55 ± 0.25bc

(43.90)
1.85 ± 0.35ab

(50.32)
1.38 ± 0.25c

(48.50)
1.23 ± 0.14b

(53.47)

100 1.91 ± 0.20ab

(16.56)
1.87 ± 0.14ab

(24.88)
2.62 ± 0.13b

(24.86)
2.29 ± 0.10b

(32.66)
2.07 ± 0.08ab

(39.96)
Each value is the mean” S.E.M for 6 mice. Different letters within the count column mean statistical significance at (P < 0.05)

The percentage of inhibition values are given in parentheses

Fig. 3  The effect of Tamarix aphylla (TA) on IL-1β levels in carrageenan injected paw. Each value is the mean ± S.E.M for 6 rats per group. Above each 
column, different letters mean statistical significance at (P < 0.05)
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hemolysis in a dose-dependent manner. When compared 
to the aspirin-treated group, there were no statistically 
significant differences between the percentage of inhibi-
tion produced by all different doses of Tamarix aphylla 
and that produced by 200  µg of aspirin. The inhibi-
tion percentages recorded for TA extract (100, 200, and 
400 µg/kg) were 67.78%, 74.82%, and 82.08%, respectively, 
compared to 83.89% produced by Aspirin (Fig. 7).

Discussion
The evaluation of the extract’s acute toxic effect is usu-
ally performed as an initial step to avoid the potentially 
noxious effects of the plant or any of its chemical con-
stituents following the acute oral administration [25]. 
Besides, Acute oral toxicity studies allow the determina-
tion of LD50 of the compound under investigation and 
permit searching for the biological therapeutic effect of 

the compound [26, 27]. After performing the acute oral 
toxicity of the extract, we found that graded doses of up 
to 4000 mg/kg of the extract did not cause any behavioral 
changes or lethality within 24  h in Wistar rats. There-
fore, it can be concluded that the dose of 4000  mg/kg 
was well-tolerated and did not produce any toxicological 
changes in the physical condition and appearance of the 
rats. These findings are consistent with previous stud-
ies, which reported that LD50 of TA is above 1500 mg/
kg BW, and revealed that the methanolic extract of TA 
produced no toxic symptoms in graded doses up to 
4000  mg/kg in acute and sub-chronic toxicity studies 
[28, 29]. Based on OECD guidelines for testing chemi-
cals, the methanolic extract of TA was considered safe 
[30]. Thus, it is suggested that the oral median lethal dose 
(LD50) of TA was above 4000 mg/kg. Furthermore, it is 
suggested that doses of 100, 200, and 400 mg/kg, which 
are equivalent to 1/40th, 1/20th, and 1/10th of the tested 

Fig. 5  The effect of Tamarix aphylla (TA) on COX-2 levels in carrageenan-injected paw. Each value is the mean ± S.E.M for 6 rats per group. Above each 
column, different letters mean statistical significance at (P < 0.05)

 

Fig. 4  The effect of Tamarix aphylla (TA) on TNFα levels in carrageenan injected paw. Each value is the mean ± S.E.M for 6 rats per group. Above each 
column, different letters mean statistical significance at (P < 0.05)
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dose of extract (4000  mg/kg), would be safe for further 
experiments.

Carrageenan-induced inflammation assay was used 
to evaluate the potential anti-inflammatory effect of the 
extract. This animal model is widely used for assess-
ing the anti-inflammatory effects of drugs [31, 32]. It is 
known that acute inflammation caused by carrageenan 
administration has two phases. The first stage occurs 
within 1 h and involves histamine, bradykinin, serotonin, 
and substance P, which cause vascular permeability. The 
second delayed stage occurs after 1 h and is mainly due 
to lysosomal enzymes, proteases, and PG release that 
regulate the excess secretion of inflammatory fluids at 
the site of inflammation [33]. In this study, paw thickness 

was measured for five successive hours as an index of 
increased permeability and edema. The extract from T. 
aphylla showed anti-inflammatory effects starting from 
the first measurement of paw thickness, indicating its 
ability to fight against both the earliest and delayed stages 
of inflammation. The anti-inflammatory activity of TA 
was potent and tended to exceed that of the reference 
drug, especially at the dose of 400  mg, which exceeded 
the anti-inflammatory effect of diclofenac sodium by 
around 120%. This effect continued throughout the mea-
surement period. This response tendency of the extracts 
in carrageenan-induced paw edema indicates good 
peripheral anti-inflammatory properties of the metha-
nolic extract of TA. This anti-inflammatory effect may be 

Fig. 7  Inhibition percentage of Tamarix aphylla (TA) on heat-induced hemolysis. Results are expressed as mean ± SE. Different superscripts, within the 
same column mean statistical significance at (P < 0.05)

 

Fig. 6  The effect of Tamarix aphylla (TA) on NO levels in carrageenan-injected paw. Each value is the mean ± S.E.M for 6 rats per group. Above each col-
umn, different letters mean statistical significance at (P < 0.05)
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due to the presence of flavonoids. It has been reported 
that several flavonoids possess anti-inflammatory [34]. 
Flavonoids are known to inhibit the enzyme prostaglan-
din synthetase, more specifically the endo-peroxidase 
and are reported to produce an anti-inflammatory effect. 
Further laboratory analysis was conducted to investigate 
the potential anti-inflammatory mechanism through 
measuring the levels of IL-1β, TNF-α, COX-2 and NO.

In this study, ELISA results showed that the plant 
extract significantly reduced all pro-inflammatory mark-
ers that were measured. Interestingly, the reduction was 
slightly higher than that exerted by the standard drug 
(diclofenac), which validates the anti-inflammatory 
potential of the extract and suggests a possible mecha-
nism by interfering with some inflammatory mediators 
and attenuating inflammation progression. These results 
are consistent with other studies [15, 35].

It is previously documented that the protection of a 
lysosomal membrane can play an important role in pre-
venting the release of lysosomal enzymes and reducing 
inflammatory events. This study revealed that the meth-
anolic extract of TA has the ability to stabilize the rat’s 
RBC membrane. T. aphylla can protect the lysosomal 
membrane against damage, which in turn prevents the 
release of lysosomal enzymes and inflammatory media-
tors, thus contributing strongly towards its anti-inflam-
matory action [36].

Conclusion
We can attribute the potent anti-inflammatory activity 
of T. aphylla to its ability to protect the lysosomal mem-
brane and decrease the levels of pro-inflammatory medi-
ators at the site of inflammation. The results of this study 
suggest that T. aphylla could be a good candidate for the 
management of inflammation.
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