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Abstract

writhing and hot plate methods.

The antipyretic activity of the alcoholic extracts for the Tamarix aucheriana, T. nilotica, and T. aphylla were
measured in the Wistar albino male rats (150-180 g) by using a yeast-induced hyperpyrexia test. The carrageenan -
induced paw edema method. The anti-inflammatory activity of the T. aucheriana, T. nilotica, and T. aphylla extracts was
measured. The edema was expressed as an increase in paw volume. The analgesic activity of the alcoholic extracts of
the T. aucheriana, T. nilotica, and T. aphylla were implemented in the Swiss albino mice by using acetic acid induced
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Introduction

Tamaricaceae is a relatively small family containing 4 genera and
about 120 species [1]. According to Migahid, there are two genera
in Saudi Arabia (Tamarix and Reaumuria) [2]. The genus Tamarix
is considered the largest in the family in that it contains about 54
species [3]. There are eight Tamarix species in Saudi Arabia, namely:
T. mascatensis Bunge, T. ramosissima Leded, T. nilotica Ehrenb Bunge,
T. aphylla L., T. tetragyna Ehrenb, T. aucheriana Decne, T. pyconocarpa
DC and T. passerinoides Del [4].

The plants of genus Tamarix contain diverse chemical constituents,
including polyphenols, flavonoids, and tannins [5]. In addition to the
before mentioned constituents, volatile constituents are also deemed
to be among those constituents [6]. The Tamarix species are worth
studying not only for the variety of chemical compounds they contain
but also for the nature of their biological activity [7].

Several research studies had proved that some Tamarix species
showed antioxidant and antimicrobial activities such as T. ramosissima
[8], T. aphyla [9,10], and T. gallica [11]. On the other hand, the plants of
genus Tamarix are employed in traditional medicine [5].

According to Jaganath and Crozier, phenolic compounds possessed
one or more aromatic rings with one or more hydroxyl group [12].
They have been classified into flavonoids and non-flavonoid phenolic
compounds. However, tamarixetin was isolated from T. ramosissima
and in which it showed significant DNA damaging activity in mutant
yeast bioassay [8]. On the other hand, the highly oxygenated bioactive
flavone, gardenin B was isolated from the aerial parts of T. dioica which
showed antiviral activity and anti-invasive activity against solid tumors
[13]. The flavonoids isorhamnetin and rhamnocitrin that were isolated
from the aerial part of T. hispida showed significant inhibitory activity
against prolyl endopeptidase (PEP) [14]. Kaempferol 7,4'-dimethyl
ether was also isolated from the T. ramosissima and showed a good
antioxidant activity as well as a-glucosidase inhibitory action (Xing).
Quercetin was isolated from the aerial part of T. nilotica and showed a
potent antioxidant activity with IC, value of 5.72 uM [1].

Biological activities

Several previous studies investigated the role of biological activities
and medicinal importance of the genus Tamarix. In this research, a
variety of crucial biological activities reported in the literature will be
briefly summarized in the subsequent discussion. It was reported that
in Asia and Africa, few plants species, which belong to genus Tamarix,
are employed in traditional medicine [5]. Generally, Tamarix species

are used in traditional medicine as astringent, appetizer, diaphoretic,
and diuretic [15]. Furthermore, literature has shown that they are very
effective for treating leucoderma, spleen troubles and eye diseases [15].
In southwestern of Saudi Arabia, the leaves of Tamarix species are often
wrapped on the head to relieve headache and fever. Moreover, in Dhofar
(a region in southern Oman), the decoction of the leaves is given to
women to induce labor. The extracts of Tamarix plants have been used
in traditional Egyptian medicine as antiseptic agents. In addition, they
are used for tanning and dyeing purposes [16]. In Egypt, leaves and
young branches of Tamarix plants are cooked to treat oedema of spleen
and are mixed with ginger to remedy uterus infections. On the other
hand, after being mixed with vinegar, the decoction of the bark is used
as a natural remedy for getting rid of head lice [17].

T. aphylla is also employed in traditional medicine in Middle
Eastern countries [18]. The bark of T. aphylla is used by people living
in the Coastal Mediterranean region of Egypt as astringent, tonic, and
effective remedy for treating eczema capitis. Moreover, T. aphylla is
used in the Eastern Mediterranean region for treatment of fever and eye
inflammation. Furthermore, an extract of powdered leaves of T. aphylla
is used to treat toothache. In addition, smoke of burnt leaves can be
often equally effective for treatment of wounds [19].

T. nilotica is used in traditional Egyptian medicine as an antiseptic
agent. In addition, T. nilotica has been known since pharaonic times and
has been used to expel fever, relieve headache, draw out inflammation,
and as an aphrodisiac too [20]. In Yemen, an infusion of fresh leaves of
T. nilotica is used to treat diarrhea [5].

An extract of T. aphylla showed antioxidant [9], antimicrobial
[10], antifungal, anti-inflammatory, and wound healing activities [18].
In addition, the flower extract of T. aphylla proved to be a distinct
radical scavenging effect in which it improved the viability of human
keratinocytes (HaCaT cells) [21]. Furthermore, the aqueous ethanolic
extract of the T. aphylla was found to exert an anti-inflammatory
activity and antipyretic effect at 20 mg /kg [22].

An extract of T. nilotica showed a hepatoprotective and antioxidant
activity [23-25]. In addition, the ethyl acetate extract of T. nilotica
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showed effective radical scavenging and cytotoxic activities. More
recently, it was reported that the ethyl acetate fraction contains bioactive
compounds worthy of more sophisticated studies as free radical
scavenger and cytotoxic agent [17]. A previous study on the antiviral
screening of forty-two Egyptian medicinal plant species revealed that
the T. nilotica has virucidal effect against herpes simplex virus (HSV)
[26]. The methanolic floral extract of the T. gallica exhibited antibacterial
activity against Staphylococcus epidermidis, Staphylococcus aureus,
Micrococcus luteus, Escherichia coli, and Pseudomonas aeruginosa; and
showed antifungal activity against Candida spp. [27]. In addition, the
methanolic extract from aerial parts of T. gallica possesses both anti-
inflammatory and analgesic effects comparable to that of non-steroidal
drugs such as diclofenac and aspirin respectively [28].

Previous studies revealed that the T. gallica has a potent
chemopreventive agent which may suppress thioacetamide (TAA)-
mediated hepatic oxidative stress, toxicity, and early tumor promotion
response in rats [29]. Moreover, other studies showed that the flowers
extract of T. gallica displayed a higher antioxidant activity as compared
to the leaves, which could be attributed to its highest total phenolic
content. In addition, T. gallica extracts showed appreciable antibacterial
properties against human pathogenic strains [11]. Moreover, the
n-butanol extract of the aerial parts of T. gallica showed an antimicrobial
activity [15].

The T. ramosissima showed antioxidant and antimicrobial
activities [8]. The methanolic extract of the leaves of T. indica
showed antinociceptive, antidiarrhoeal and cytotoxic activities
[30]. Furthermore, the methanolic extract of the roots showed
antinociceptive, anti-inflammatory and antibacterial activities [31]. It
has been recently reported that the crude extract and some fractionated
samples of the T. dioica has significant antifungal properties, but low
antibacterial response and negligible cytotoxic activity [32]. The leaves
extract and fractions of the T. pauciovulata showed an antioxidant
activity. Therefore, and according to what have been presented in the
before mentioned discussions, these extracts are substantially effective
in preventing diseases caused by the overproduction of radicals. They
can also function as an important source of dietary supplement with
health protective potential [33]. Alcoholic extract of T. macrocarpa
showed an antimicrobial activity against Staphylococcus aureus, Bacillus
subtilis, and Candida albicans at a level of 1000 mcg /mL [34]. The
flavonoids extracted from T. chinensis showed an effective antioxidant
activity [35]. In conclusion, this literature review indicated that there
was lack of studies of T. aucheriana with regard to chemical constituents
and biological activities compared with T. nilotica, and T. aphylla.

Materials and Methods

Materials

Animals: Wistar albino male rats (150-180 g) and Swiss albino
mice (25-30 g) were used for studying pharmacology. They both were
obtained from a Lab Animal Care Unit, Pharmacy College, Salman
Bin Abdulaziz University, Al-Kharj, KSA. All animals were housed
in polyacrylic cages (two animals per cage) and were kept under
constant environmental conditions in the laboratory (temperature
24-26°C, relative humidity, 60-70% and 12 h light- dark cycles) and
fed commercial rodent diet and water ad libitum. They were allowed
for one week to acclimate for the work area environment before
use. All experiments involving animals were done according to the
internationally accepted standard guidelines and were approved by an
institutional review board.

Preparation of the extracts for in vivo studies: The standard drugs

(acetyl salicylic acid, indomethacin, and paracetamol) and the total
alcoholic extracts of the T. aucheriana, T. nilotica, and T. aphylla were
suspended separately in 3% v/v Tween 80 (vehicle).

Methods

Acute toxicity (LD, ) test: The Swiss albino mice were divided
into equal groups, in which each group consists of 6 mice (4 groups/
extract). The control group received the vehicle and was kept without
any treatment. The mice groups were orally given the three plant
extracts in graded doses from 1000 to 4000 mg/ kg b.wt. The mice were
observed for 48 h, in which toxic symptoms and number of died mice
were noted in each group. The oral median lethal doses (LD,) of the
alcoholic extracts of T. aucheriana, T. nilotica, and the T. aphylla were
calculated mathematically according to the method described by Gad
and Weil [36].

Doses: In this study, the doses of alcoholic extracts for T. aucheriana,
T. nilotica, and the T. aphylla were determined in the acute toxicity study,
which showed on toxic effect of oral administration in doses up to 4000
mg/kg. Accordingly, the experimental doses of 400 mg/kg that equal
1/10 of the maximum possible dose of the tested extracts that did not
cause mortalities in mice were selected to be given orally. The standard
drug; indomethacin, acetyl salicylic acid, and paracetamol were given
orally at doses of (5, 200, and 150 mg/kg, respectively) according to the
table of Paget and Barnes [37].

Sub-chronic toxicity: Wistar albino rats were randomly divided
into 4 groups, in which each group consists of six rats. The rats of
the 1% group (control) received the vehicle (5 mL/kg) and were kept
without any treatment. The rats of the 2%, 394, and 4" groups; on the
other hand, were orally given the alcohol extracts of the T. aucheriana,
T. nilotica, and T. aphylla, respectively in a dose of (400 mg/kg), and
were administered for 35 days on a daily basis with close observation.
All rats were maintained under identical conditions and they were
provided with food and water for the entire observation period. At
the end of the experimental period, the blood samples (2 mL) were
collected by puncturing the retro-orbital venous sinus of each rat. The
blood samples were then centrifuged at 10,000 rpm for 5 minutes. After
that, the sera were separated to be used for the biochemical analysis.

Measurement of liver and kidney function markers: The liver
functions were evaluated by measuring the serum activity of alanine
aminotransferase (ALT) and aspartate aminotransferase (AST)
according the method of Reitman and Frankel [38]. In addition, the
serum levels were assayed of the total bilirubin [39].

The kidney functions, on the other hand, were measured by
determining the serum concentrations of urea (Wills and Savory) and
creatinine [40] calorimetrically.

Anti-inflammatory activity: The carrageenan - induced paw
edema method [41] was utilized to assess the anti-inflammatory activity
of the T. aucheriana, T. nilotica, and T. aphylla extracts. The edema was
expressed as an increase in paw volume. The rats were divided into five
groups, in which each group consists of six rats. The rats of the 1* group
(control) received the vehicle (0.5% of Tween 80 p.o.). The 2™ group
(standard reference) was treated orally with the aqueous solution of
indomethacin (5 mg/kg). The rats of the 3%, 4%, and 5* groups were
orally given the total alcohol extracts of the T. aucheriana, T. nilotica,
and T. aphylla, respectively in a dose of (400 mg/kg). After 30 minutes,
the paw edema (acute inflammation) was induced by the sub-plantar
injection of 0.1 mL of 1% A-carrageenan in 0.9% of saline, in the left
hind paw of all of the rats. The edema volumes were determined in
(mL) using a plethysmometer (model 7140, Ugo Basile, Italy) 3 h after a
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carrageenan injection. The percentage reduction of the paw edema was
calculated for each group using the following formula:

Ev(Control) — Ev(Test)
Ev(Control)

Reduction of edema (%)= x100

Where, Ev is the edema volume (mL).

Antinociceptive activity: The analgesic activity of the alcoholic
extracts of the T. aucheriana, T. nilotica, and T. aphylla were implemented
in the Swiss albino mice by using acetic acid induced writhing and hot
plate methods.

Acetic acid-induced writhing method: The peripheral analgesic
activity of the alcoholic extracts for the T. aucheriana, T. nilotica, and T.
aphylla were measured by using acetic acid-induced writhing method
[42]. The mice were then divided into five groups, in which each group
consists of six animals. The mice of the 1% (control) and 2" (standard)
groups were treated orally with the vehicle and acetyl salicylic acid (200
mg/kg), respectively. On the other hand, the mice of the 3, 4%, and
5% groups were treated orally with the total alcohol extracts of the T.
aucheriana, T. nilotica, and T. aphylla, respectively in a dose of (400
mg/kg). The writhing in mice was induced one hour later of treated,
by injection of glacial acetic acid (0.6%, 10 ml/kg, i.p.). The number
of writhes was calculated for each animal for 20 min, after ten min
from the acetic acid injection. The responses of the treated groups with
the extracts and acetyl salicylic acid were compared with those of the
animals in the control group. The analgesic activity was expressed as the
percentage protection against writhing (% inhibition of writhing) and it
was calculated as follows:

Wt (Control) — Wt (Test)
Wt (Control)

Inhibition (%)= x100

where, Wt is mean number of writhing.

Hot plate method: The analgesic activity of the alcoholic extracts
of the T. aucheriana, T. nilotica, and T. aphylla were measured in the
Swiss albino mice by using Eddy’s hot plate method [43]. The mice
were then divided into 5 groups, in which each group consists of six
animals. The mice of the 1% (control) and 2™ (standard) groups were
orally administered with the vehicle (10 mL/kg) and acetyl salicylic
acid (200 mg/kg), respectively. The mice of the 3, 4", and 5™ groups
were treated orally with the total alcohol extracts of the T. aucheriana,
T nilotica, and T. aphylla, respectively in a dose of (400 mg/kg). Mice
were individually placed into a transparent glass cylinder (diameter 20
cm) on the hot plate (Ugo basil Italy, socrel and model DS-37) and were
maintained at 55°C to induce pain. The reaction time of each mouse
for (licking of hind paw or jumping) were recorded with a cut-off time
of seconds, and then the measurement was terminated when exceeded
the latency period (20 sec) in order to avoid injury. The latency period
of twenty secs was defined as a complete analgesia. The nociceptive
response (in seconds) was measured at 1, 2, and 3 h after the treatment.

Antipyretic activity: The antipyretic activity of the alcoholic
extracts for the T. aucheriana, T. nilotica, and T. aphylla were measured
in the Wistar albino male rats (150-180 g) by using a yeast-induced
hyperpyrexia test [44]. Pyrexia was induced in the rats by subcutaneous
injection of brewer’s yeast (10 ml/kg, 20% w/v in distilled water).
Basal rectal temperature was measured before and eighteen h after the
injection of yeast, by inserting a digital clinical thermometer to a depth
of 2 cm into the rectum. The febrile rats were divided into five groups
(six animals in each group). The rats of the 1** group (control) received
the vehicle (0.5% of Tween 80 p.o.) while the 2™ group (standard) was

orally given the aqueous solution of paracetamol in a dose of (150 mg/
kg). The rats of the 3™, 4™, and 5™ groups were treated orally with the
total alcohol extracts for the T. aucheriana, T. nilotica, and T. aphyila,
respectively in a dose of (400 mg/kg). After that, the rectal temperature
of each rat was recorded at one-hour interval after treatment for four
hour.

Statistical analysis: All parametric values are given as Mean +
SEM and were analyzed using One-way ANOVA followed by Student
Newman-Keuls test which revealed a significance at p<0.05.

Results

Acute toxicity (LD,))

The obtained results indicated that the mice treated with alcoholic
extracts for the T. aucheriana, T. nilotica, and T. aphylla in different
doses (1000-4000 mg/kg) showed not symptoms of acute toxicity;
diarrhea, hematuria, restlessness, uncoordinated muscle movements,
or respiratory distress. In addition, the mice were alive during the
whole 48 h of observation. Accordingly, it is suggested that the oral
median lethal doses (LD,,) of the alcoholic extracts of the three plants
were higher than 4000 mg/kg [45].

Sub-chronic toxicity (liver and kidney function)

The obtained results (Table 1) showed that the oral administration
of the alcoholic extracts for T. aucheriana, T. nilotica, and T. aphylla in a
dose of 400 mg/kg for 35 days to rats did not show any significant effect
on the serum activity of ALT and AST and serum level of total bilirubin
as opposed to the control group. An exception of the effect of T. aphylla
extract on serum activity of ALT was found, which showed a significant
effect (p<0.05) when compared to the control group.

On the other hand, the obtained results (Table 2) did not show any
significant change in the mean values of urea and creatinine in sera of
rats that were treated orally of the tested extracts in a dose at 400 mg/kg
for 35 days as opposed to the control group.

Anti-inflammatory activity

The anti-inflammatory activity of the alcoholic extracts for the T.
aucheriana, T. nilotica, and T. aphylla were evaluated against acute paw
edema induced by carrageenan (Table 3). The carrageenan-induced
inflammation in the rat paw represents a classical model of acute
inflammation that was used for the assessment of the anti-inflammatory
activity of the standard drugs and extracts. The mean changes in paw
edema at 3 h after carrageenan administration for the (control group)
was 0.97 + 0.04 mL. The standard drug; indomethacin (5 mg/kg) and
the total alcohol extracts (400 mg/kg) of the T. aucheriana, T. nilotica,
and T. aphylla produced a significant reduction of carrageenan-induced
paw edema (0.23 + 0.01 ml, 0.86 + 0.04 mL, 0.87 + 0.03 mL, and 0.37 +
0.01 mL, respectively) as opposed to the control rats. The percentages
of the reduction of paw edema for the T. aucheriana, T. nilotica, and T.

Groups ALT AST Total Bilirubin
(U/ ml) (U/ ml) (mg/ dl)
Control 39.22 + 1.57 71.50 £ 2.16 0.46 + 0.025
T. aucheriana 46.85 + 3.26 77.35+2.43 0.53 £ 0.042
T. nilotica 41.25+2.29 70.72 + 3.38 0.48 £ 0.035
T. aphylla 48.12+3.15 80.31 + 3.50 0.51 +0.033

Significant at *p<0.05: Values are Mean + SEM.

Table 1: Effect of prolonged oral administration of the tested extracts in a dose
of 400 mg/kg for 35 consecutive days on the serum activity of ALT and AST and
serum levels of total bilirubin in rats (n=6).
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Groups Urea Creatinine
(mg/ dl) (mg/ dl)
Control 21.50 + 0.96 0.41+0.032
T. aucheriana 22.58 +0.91 0.44 +0.031
T. nilotica 20.76 + 1.21 0.41+£0.027
T. aphylla 23.64 £0.84 0.43 £ 0.024
Table 2: Effect of prolonged oral administration of the tested extracts in a dose of 400 mg/kg for 35 consecutive days on the serum concentrations of urea and creatinine
in rats (n=6).
Treatments Dose (mg/kg) Mean Changes in Paxgr:?r:?:t::tlilz;: h After Carrageenan Reduction of Paw Edema (%)
Control 00 0.97 £ 0.04 -
Indomethacin 5 0.23 £ 0.01 76.28
T. aucheriana 400 0.86 £ 0.04 11.34
T. nilotica 400 0.87 £ 0.03 10.30
T. aphylla 400 0.37 £ 0.01 61.85

Significant at *p<0.05: Values are Mean + SEM.

Table 3: Evaluation of anti-inflammatory effect of the T. aucheriana, T. nilotica, and T. aphylla extracts on carrageenan-induced paw edema in rats.

Treatments Dose (mg/kg) Number of Writhing Over a Period of 20 min % Inhibition of Writhing
Control 00 36.50 £ 2.17 -
Acetyl Salicylic acid 200 20.66 + 1.08* 43.39
T. aucheriana 400 35.33+0.49 3.20
T. nilotica 400 35.50 + 0.84 2.73
T. aphylla 400 24.16 + 0.60* 33.80
Significant at *p<0.05: Values are Mean + SEM.
Table 4: Evaluation of analgesic effect of the T. aucheriana, T. nilotica and T. aphylla extracts by writhing method in mice.
Hot Plate Reaction Time (sec)
Treatments Dose (mg/kg)
1h 2h 3h
Control 00 10.52 £ 0.50 10.44 + 0.67 10.84 £0.73
Acetyl Salicylic acid 200 16.78 £ 0.51° 17.17 £ 0.28° 17.36 £ 0.48°
T. aucheriana 400 10.37 £ 0.45 10.09+0.28 9.87 £0.43
T. nilotica 400 10.15 £ 0.48 10.51 £ 0.36 10.24 £ 0.38
T. aphylla 400 15.02 £ 0.49° 15.17 £ 0.49° 15.37 £ 0.81"

Significant at *p<0.05: Values are Mean + SEM.
Table 5: Evaluation of analgesic effect of the T. aucheriana, T. nilotica, and T. aphylla extracts by Eddy’s hot plate method in mice.

Rectal Temperature (°C) 16 h Mean Rectal Temperature (°C) after Treatment
Treatments Dose (mg/kg) L
after Yeast Injection 1h 2h 3h 4h
Control 00 39.28 £ 0.30 39.63 +£0.29 39.50 £ 0.33 39.80 £ 0.29 39.20 £ 0.22
Paracetamol 150 39.86 £ 0.32 37.91 £ 0.26* 37.76 £ 0.18* 38.01 £ 0.33* 38.70 £ 0.29
T. aucheriana 400 39.61+0.37 39.16 £ 0.52 39.30 £ 0.40 39.20 £ 0.42 39.03 £ 0.40
T. nilotica 400 39.35+0.33 39.13+0.40 39.16 £ 0.47 39.18 £ 0.42 39.48 £ 0.30
T. aphylla 400 39.53 + 0.40 39.15+ 0.46 38.98 + 0.31 39.15+0.37 39.00 + 0.42

Significant at ‘p<0.05: Values are Mean + SEM.

Table 6: Evaluation of antipyretic effect of the T. aucheriana, T. nilotica, and T. aphylla extracts by yeast-induced pyrexia in rats.

aphylla extracts were found to be less than that of the standard drug.
The highest anti-inflammatory effect was recorded with the alcoholic
extract of T. aphylla with (61.85%) paw edema reduction.

Antinociceptive activity

The antinociceptive activity of the alcoholic extracts for the T.
aucheriana, T. nilotica, and T. aphylla were measured by using two
methods: the acetic acid induced writhing and the hot plate method.

Table 4 however, showed an analgesic effect of the acetyl salicylic acid
and the tested extracts by using writhing method in mice. The number
of writhing over a period of twenty min after acetic acid injection of

the control group was 36.50 + 2.17. The standard drug; acetyl salicylic
acid (200 mg/kg) and the total alcohol extract (400 mg/kg) of the T.
aphylla produced significant reduction of the number of writhing in
mice (20.66 = 1.08 and 24.16 * 0.60, respectively). On the other hand,
the total alcohol extracts of the T. aucheriana, and T. nilotica produced
some reduction (35.33 £ 0.49 and 35.50 + 0.84, respectively) as opposed
to the control animals. The percentage protection against writhing
produced by the tested extracts was less than that of the standard drug.
The alcohol extract of T. aphylla showed the highest analgesic activity
(33.80% inhibition) as opposed to the extracts of the T. aucheriana, and
T. nilotica (3.20% and 2.73% inhibition, respectively).

Table 5 showed an analgesic effect of the standard drug and the
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tested extracts by using Eddy’s hot plate method. The alcohol extract of
T. aphylla and the standard drug showed a significant analgesic activity
as evidenced by significant increase in reaction time when compared
with the control animals. However, analgesic activity of the T. aphylla
extract were less than that of the standard drug.

Antipyretic activity

The antipyretic activity of the alcoholic extracts for the T. aucheriana,
T. nilotica, and T. aphylla were measured by using yeast-induced pyrexia
in rats (Table 6). The alcoholic extracts of the T. aucheriana, T. nilotica,
and T. aphylla did not show any antipyretic activity as opposed to the
standard drug (Paracetamol).
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