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ABSTRACT 

 
Haloxylon salicornicum (H. salicornicum) is commonly used traditionally in treatment of inflammatory 

disorders. The aim of this study was to assess the effects of aerial parts of H. salicornicum against acute and 
sub-acute of inflammation in rat models. The models used were acute and sub-acute inflammations of rat paw 
induced by sub planter administration of carrageenan, and the granuloma- pouch bioassay at the dorsum of 
rats induced by turpentine oil.  Additionally, the phytoconstituents of the studied extract was also 
investigated. H. salicornicum extracts significantly reduced inflammations in both phases acute model. 
Moreover, the activity in carrageenan induced sub-acute edema test in a dose-dependent manner. The 
methanolic extracts of H. salicornicum exhibited a significant reduction in exudate formation in granuloma- 
pouch bioassay. It could be concluded that the study verifies traditional use of H. salicornicum extracts for 
alleviating acute and sub-acute inflammatory disorders. 
Keywords: Haloxylon salicornicum, Anti-Inflammatory, Carrageenan, Rat Paw Edema, Granuloma- Pouch 
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INTRODUCTION 
 
Inflammation is a biological defense response that is caused by harmful stimuli such as microbial 

infections and tissue injury. Physiologically, inflammation is beneficial event that leads organisms to expel 
harmful stimuli to initiate the restoration of tissue structure and function [1]. Currently, anti-inflammatory 
agents are the most frequently used drugs for medication, due to their wide range of therapeutic indications, 
including inflammation pain, edema, , rheumatoid arthritis , osteoarthritis, and skeletal muscle dysfunction [2]. 
Prolonged uses of these drugs are commonly induced severe side effects [3, 4].Consequently, alternative 
agents with limit side-effects are essential, and botanical products can be important candidates [5]. Thereby, 
there is a need to develop new anti-inflammatory agents with limited side effects [6]. 
 

Haloxylon salicornicum (Moq.) Bunge ex Bioss. is one of 120 genera and more than 1300 species 
belonging to the family Chenopodiaceae [7]. In Saudi Arabia, H. salicornicum and H.persicum are grown [8]. H. 
salicornicum known locally as Rimth and is widely separated all over the country. The phytochemical analysis 
of the aerial parts of H. salicornicum showed the presence of alkaloids, sterols, cardiac glycosides tannins, 
volatile bases and volatile oils [9]. And due to these bio-active properties, H. salicornicum was used in the 
treatment of diabetes [9] inflammations [10]; diarrhea [11, 12] and bacterial infection [13, 14]. Based on 
traditional use of H. salicornicum in treating inflammatory dysfunction, there is a need to investigate the 
influence of methanolic extract of aerial parts of H. salicornicum on different inflammatory models. In addition 
to that, the study was extended to determine its phytoconstituents.  

 
MATERIALS AND METHOD 

 
Animals  
 

The study was performed using 50 Wistar albino mature male rats (180-200 g), were obtained from 
the College of pharmacy, Al-Qassim University, KSA. Rats were kept under standard conditions of temperature 
(22-260C), relative humidity (55-60), and fed a standard pellet diet with water ad libitum. The animals care and 
handling were in accordance with the world accepted standard guidelines. All animal procedures were 
approved by an institutional review board of Agricultural and Veterinary Medicine, AlQassim University, KSA. 
 
Chemicals 
 

Analytical grade chemicals were purchased from Sigma Aldrich, St. Louis, MO, USA and were used for 
the bioassays in the laboratory. 
 
Methanol extracts preparation 
 

The collected plant was air dried powdered (300 g) and soaked in methanol (3000 ml) with continuous 
shaking for 72 h. the methanol extract was filtered  and the residues were re-percolated  for three times. The 
extract was concentrated under reduced pressure. The obtained methanol extract was used for assaying its 
bioactivity and phytoconstituents. The Voucher specimen was deposited in the department of Botany, for 
further reference.  
 
Determination of total phenolic and tannin contents  
 

Total phenolic [15] and total tannins [16] of the methanol extracts of H. salicornicum were 
determined by using the Folin-Ciocalteu reagent. The values were expressed as gallic acid equivalents per g of 
extract. 
  
Determination of total flavonoids 
 

Total flavonoid content of the methanol extracts of H. salicornicum was determined by a colorimetric 
method of Zhishen et al. (1999) and calculated using a quercetin calibration curve.  The results were expressed 
as quercetin equivalents per g of extract [17]. 
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Anti-inflammatory models 
 
Acute inflammatory model 
 

The methods of Winter et al. [18] and Adeyemi et al. [19] were adopted. Rats were divided into five 
groups each of 5 animals. The first group was given only the vehicle (Carboxymethyl cellulose Na (CMC) 0.5%) 
and received as a control. Positive control group was treated with 20 mg/ kg diclofenac Na .Other three groups 
received respectively the methanol extracts of H. salicornicum at the dose levels 100, 200 and 400 mg/ kg b. 
wt. The methanol extract and diclofenac Na were suspended in 0.5% CMC and administered per os once every 
day with an oral gastric tube. Details of dose, time of administration and duration of treatment have been 
mentioned for each experimental paradigm studied. 
 

One h after the administration of the compounds, carrageenan solution (0.1 ml of 1% w/v suspension 
in sterile 0.9% normal saline) was injected into the sub planter region of the hind paw. Immediately, the paw 
edema was measured Plethysmographically (Ugo Basile 7150, Varese, Italy Plethysmograph) before 
carrageenan injection. Thereafter the paw volume was measured after 1, 2 and 4 h from injection of 
carrageenan [18, 19]. The difference between the initial and following readings gave the change in edema 
volume for the corresponding time. The percentage of edema inhibition for each rat and each group was 
calculated according to the following equation: 
 

% inhibition = (Vt- Vo) control - (Vt- Vo) test compound   x100 

(Vt- Vo) control 
 

Where: Vt is the mean volume of edema at corresponding time interval and Vo is the mean volume of 
edema at zero time interval.  
 
The model of sub-acute inflammation 
 

Animals in the previous model were continued to take same treatments for seven successive days 
(the first group was given only the vehicle (carboxymethyl cellulose Na (CMC) 0.5%) and received as a control. 
Positive control group was treated with 20 mg/ kg diclofenac Na. Other three groups received respectively the 
methanol extracts of H. salicornicum at the dose levels 100.200 and 400 mg/ kg b. wt.).  One h after the 
administration of the compounds, carrageenan solution was injected into the sub planter region of the hind 
paw and re-injected at the third day. The paw edema was measured plethysmographically at the 1st and 8th 
days [18, 19]. 
 
The dorsum granuloma pouch – inducion by turpentine oil 
 

The method of Robert and Nezamis [20] was adopted and modified using turpentine oil as irritant 
[21]. In ether-anaesthetized rats subcutaneously dorsal granuloma pouch was made through injecting the 
amount of half ml of turpentine oil. As mentioned previously plant extracts given orally (at a doses level 
100,200 and 400 mg/kg b. wt.) one h before the induction of granuloma and the administration of test 
materials continued daily for 7 days. On the 8th day, all rats were anaesthetized with ether and the pouch 
exudates were collected. The exudate volume was measured for determining the anti-inflammatory activity of 
the tested materials as follows:  
 

Inhibition % = (V control-V treated/ V control x 100. 
 
Statistical analysis 
 

Data were analyzed using a one-way analysis of variance (ANOVA), p ≤ 0.05. Once a significant 
difference was determined, the means were compared using Duncan, multiple range tests [22, 23]. 

 
RESULTS AND DISCUSSION 

 
Inflammation is a biological protection mechanism. Acute inflammation is characterized by arteriole 

dilation, exudation of fluid, emigration of leukocytes from blood vessels to the area of damage and infected, 
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and release of inflammatory mediators and cytokines. While chronic inflammation is characterized by 
infiltration of mononuclear cells, proliferation of fibroblasts, blood vessels and elevatedconnective tissue 
formation [24]. Anti-inflammatory medications suppress different stages of inflammation [25]. 
 

The anti-inflammatory effect of methanol extract of aerial parts of H. salicornicum was assessed in 
different inflammatory models. Carrageenan- induces footpad edema in rats. Inhibition of carrageenan-
induced inflammation in rats is one of the most valuable investigations to monitor anti-inflammatory 
properties of agents. [26]. Carrageenan, a mucopolysaccharide from Irish Sea moss Chondrus, is known to 
stimulate arthritis in lab animals. Additionally, it is non-immunogenic and does not activate systemic side 
effects [27]. Carrageenan activates the early phase of inflammation (1-2h) which is mediated by serotonin and 
histamine, and the late phase of inflammation (after 2nd h) which is sustained by prostaglandins and formation 
of bradykinin [28-30]. These mediators confer inflammatory response and pain. It has been shown that the 
second phase of carrageenan-induced edema is sensitive to clinically used anti-inflammatory drugs and 
commonly employed to evaluate the anti- phlogistic effect of the natural products [31, 32]. 
 

In the present study, the plant extracts of H. salicornicum showed anti-inflammatory activity in the 
both phases of carrageenan induced acute edema test in a dose-dependent manner (Table 1). Moreover, the 
strongest activity of these extracts was arranged in a dose dependent manner against carrageenan induced 
sub-acute edema test also in a dose-dependent manner (Table 2). Likewise, NSAID drug diclofenac sodium 
produced significant (p<0.05) anti-edematous effect which is consistent with the previous reports [33-35]. 
Multiple studies have shown that the inhibitory effects of plant extracts and NSAIDs in similar animal models 
of pain and inflammation [36-39]. It is known that diclofenac and aspirin inhibit inflammation and pain by 
attenuating prostaglandin synthesis via cyclooxygenase inhibition in arachidonic acid pathways [33]. 
 

Table 1: Influence of the methanol extract of Haloxylon salicornicum against carrageenan–induced acute 
type of inflammation 

______________________________________________________________________________ 
Treatment                                           Paw edema volume (mL) 
                                                
______________________________________________________________________________  
                                                               0                    1h                          2h                           4h  
______________________________________________________________________________ 
Control (Vehicle) 1.12±0.01 2.76±0.01 3.60±0.03 3.84±0.02 

H. salicornicum (100 mg/kg)                    1.10±0.01 1.73±0.03(37) * 2.48±0.04(31) * 2.61±0.02(32) * 
 

H. salicornicum (200 mg/kg) 1.14±0.01 1.74±0.03(37) * 2.36±0.05(34) * 2.55±0.04(33) * 
H. salicornicum (400 mg/kg) 1.11±0.01 1.61±0.01(41) * 2.22±0.02(38) * 2.44±0.01(36) * 

 
Diclofenac Na    (20 mg/kg) 
 

1.13±0.02 1.68±0.12(39) * 2.26±0.03(37) * 2.42±0.03(37) * 

      *Values are expressed as mean ± S.E. P≤0.05.  Number of animals = 5.           
 

Table 2: Influence of the methanol extract of Haloxylon salicornicum against carrageenan –induced sub-
acute type of inflammation 

 _____________________________________________________________________________ 
     Treatment                                                Paw edema volume (mL) 
_____________________________________________________________________________ 
                                                                           0 day           1st day                     8th day   
______________________________________________________________________________ 
 
Control (Vehicle)   1.12±0.01 3.84±0.02 5.55±0.12 

H. salicornicum(100 mg/kg)                    1.10±0.01 2.61±0.02(32) * 
 

4.66±0.13(15) * 

H. salicornicum(200 mg/kg) 1.14±0.01 2.55±0.04(33) * 4.36±0.10(21) * 
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H. salicornicum(400 mg/kg) 1.11±0.01 2.44±0.01(36) * 
 

3.46±0.20(37) * 
 

Diclofenac Na (20 mg/kg) 
 

1.13±0.02 2.42±0.03(37) * 
 

3.53±0.15(36) * 
 

     *Values are expressed as mean ± S.E. P≤0.05.  Number of animals = 5.           
 

Table 3: Anti-inflammatory Efficacy of the Methanol Extracts of Haloxylon salicornicum on the granuloma 
pouch model –induced by turpentine oil 

                     _________________________________________________________  
                            Treatment                                                Exudates volume      Inhibition % 
                     _________________________________________________________ 

Control (Vehicle) 2.14±0.02            ------ 

H. salicornicum (100 mg/kg)                    1.79±0.01*              16 
H. salicornicum(200 mg/kg) 1.69±0.01*               21 
H. salicornicum(400 mg/kg) 1.43±0.02*               33 
Diclofenac Na    (20 mg/kg) 
 

1.32±0.02*               39   

                   *Values are expressed as mean ± S.E. P≤0.05.  Number of animals = 5.           
 

Table 4: Quantitative phytoconstituents of the methanol extract of Haloxylon salicornicum. 
______________________________________________________________ 

Quantitative analysis (mg/g of methanolic residue) 
______________________________________________________________ 

Total phenolic   Tannins     Non tannins    Total flavonoids 
______________________________________________________________ 

H. salicornicum     60.52               13.85           46.67              58.1 
______________________________________________________________ 

 
Turpentine oil can be used as an irritant. Therefore, turpentine oil-induced granuloma pouch offer a 

model for exudative type of inflammation. This model is a widely used model for chronic inflammation which 
occurs by means of development of proliferated cells in the form of granuloma. Inflammation involves 
proliferation of macrophages, neutrophils and fibroblasts, which are basic sources of granuloma formation 
[40] . In the present study, the results depicted in (Table 3) revealed that, the plant extract of H. salichornicum 
exhibited potential inhibitory action on exudate formation. Kinin is the main mediator of granuloma, as it both 
vasodilate and increase vascular permeability in the early stages of inflammation [41]. Keeping all these in 
view, it may be said that the tested plant extracts may possess anti-kinin like activity. The test plant extracts 
inhibit the granuloma formation by inhibiting granulocyte infiltration, generation of collagen fibers, fibroblasts 
and suppressing mucopolysaccharides [42]. A collective interpretation of the anti-inflammatory data of the 
test plant extracts (Tables 1-3) revealed that H. salichornicum demonstrated pronounced activities in the three 
animal models used in this study and the effect was equal in strength to that of the diclofenac sodium.  
 

The tested plant extracts found to possess high concentrations of tannins, polyphenols and flavonoids 
(Table 4). These phytoconstituents could be responsible for anti-inflammatory activity [43-45]. It has been 
shown that, flavonoids suppress the enzyme prostaglandin synthetase, specifically the end peroxidase 
resulting a significant anti-inflammatory activity due to inhibition of chemical mediators of inflammation [46, 
47]. COX-1 and COX-2 catalyze the biosynthesis of prostaglandin H2 from the arachidonic acid substrate.  The 
inhibition of COX-1 results in some undesirable side-effects, while COX-2 inhibition provides therapeutic 
effects in pain, inflammation, glaucoma, cancer, Alzheimer‘s and Parkinson disease [48]. Similarly, phenolic 
compounds showed high anti-inflammatory activity [49, 50]. Many polyphenolics, tannins and flavonoids have 
been found to inhibit COX-1 and COX-2 [51-54]. The anti-inflammatory effect of extract may, therefore, be due 
to the presence of flavonoids and tannins.  

 
CONCLUSION 

 
It is concluded that methanolic extract of Haloxylon salichornicum possesses potential anti-

inflammatory activity, which is analogous to diclofenac sodium. The study also signifies that phytoconstituents 
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(total phenols and flavonoids) could be responsible, at least in part, for its anti-inflammatory activity. The 
study confirms the potency of this plant extracts for alleviating inflammation.  
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