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 ABSTRACT 

Statement of the Problem: Oral mucositis (OM) is a common inflammatory complication 

consequent to chemotherapy or radiotherapy in cancer patients that affects their quality of 

life. Therefore, finding an effective treatment for OM is always imperative. 

Purpose: The purpose of this experimental study was to measure the stereological, anti-

inflammatory and antioxidant markers of hydro-alcoholic extract of Pistacia Atlantica (P. 

atlantica) leaves, Trachyspermum Ammi (T. ammi) fruits and their mixture on induced OM 

in hamsters.  

Materials and Method: In Experimental study, OM was generated by the method em-

ployed by Tanideh et al., in 90 hamsters, by 5-FU (5-fluorouracil 65 mg/kg, IP). All the 

animals were divided into 5 groups: control, topical gel base, hydro-alcoholic extract 3% 

of P. atlantica, hydro-alcoholic extract 1% of T. ammi, and a mixture of the extracts of the 

two plants. On days 13, 15, and 17, the cheek pouch samples were harvested. Stereological 

scores and the levels of malondialdehyde (MDA), Superoxide dismutase (SOD), myelop-

eroxidase (MPO), and interleukin-1B (IL-1B) in the pouch tissue were measured. 

Results: Lower levels of MPO, MDA, and IL-1B and an increase of SOD level were dis-

covered in the mixture-treated group in comparison with other groups. As an aspect of 

MDA, no significant differences were detected between the topical gel form of P. atlantica 

and T. ammi groups on days 13 (p= 0.648), 15 (p= 0.981) and 17 (p= 0.540). No variations 

of MPO were detected among P. atlantica and T. ammi groups on days 13 (p= 0.159) and 

15 (p= 0.694); however, the MPO activity of the T. ammi group was significantly lower 

than the P. atlantica group on day 17 (5.57±0.56 vs. 6.48±0.35 U/ml, p< .001). The vol-

ume density of the epithelium increased in the mixture- treated group (p< 0.05).  

Conclusion: The results of this study indicated that the mixture of P. atlantica leaves and 

T. Ammi fruits might be effective in the treatment of OM.  
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Introduction 

Oral mucositis (OM) is one of the side effects of chemo- 

therapy or radiotherapy treatment in patients who suffer  

from head and neck cancer. Oral complications, which 

arise from chemotherapy or radiation therapy, include 

xerostomia (dry mouth), bacterial, fungal, or viral infec-
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tion, dental caries, loss of taste, and osteoradionecrosis. 

OM manifests as erythematous and ulceration lesions of 

the oral mucosa that can harmfully affect the patient's 

treatment diet, and quality of life [1]. In fact, mucositis 

initiates when the gastrointestinal mucosa is exposed to 

cytotoxic agents, such as fluorouracil, methotrexate, and 

cytarabine, causing cellular DNA damage and cell 

death. This mostly occurs through the formation of reac-

tive oxygen species (ROS) and oxidative stress genera-

tion. ROS directly induces tissue injury and triggers a 

cascade of inflammatory trails [2]. Antioxidants are 

intimately elaborated in the prevention of cellular inju-

ry. Catalase, SOD, and glutathione peroxidase are some 

of the natural antioxidants established in the body. They 

deactivate free radicals as a natural by-product of nor-

mal cell processes [3]. It is reported the compounds that 

have antioxidant activity could inhibit the occurrence of 

diseases, because they can hunt the free radicals or 

induce antioxidant enzymes [4]. 

The current clinical management of oral mucositis is 

largely focused on pain management, nutritional sup-

port, and maintenance of good oral hygiene, cryothera-

py, growth factors (Palifermin, Amgen), anti-

inflammatory agents (Benzydamine hydrochloride), 

anti-oxidant agents (Amifostine) and low-level laser 

therapy, which is now being developed. Since some of 

the therapeutic strategies have more toxicity and are 

extremely costly, the trend to use cheaper compounds 

that have fewer side effects as well as potential thera-

peutic effects have become more and more popular [5]. 

Trachyspermum Ammi (T. ammi) is an annual herb 

in the Apiaceae family that is growing in Iran. Several 

biological effects of T. ammi such as anti-inflammatory 

[6], antiviral [7], antifungal [8], and analgesic [9], and 

antioxidant activity [10] were reported. Pistacia Atlanti-

ca (P. atlantica) has different species, which are used as 

an antibacterial, antifungal, antiviral, anti-atherogenic, 

hypoglycemia, antitumor and hepatic protective [11]. 

Both, Pistachio leaves [12] and T. ammi fruits [13], have 

phenolic compounds and antioxidant properties, which 

act as a scavenger of the 1-diphenyl-2-picrylhydrazyl 

(DPPH). DPPH is a stable, light sensitive, nitrogen-

centered free radical, which produces violet color in 

methanol solution [13]. 

The aim of this study was to evaluate the effect of 

topical gel form of the hydroalcoholic extracts of P. 

atlantica leaves, T. ammi fruits and their mixture on 

induced OM by 5-FU in the male golden hamsters. 

 

Materials and Method 

Study protocol  

Ninety male Syrian hamsters (10±10g, 8-10 weeks old) 

were kept in the standard condition, 12-hours light, and 

12-hours dark at the temperature of 23±1°C and 55±5% 

humidity. The ethics committee of Shiraz University of 

Medical Sciences approved this research (# 95-13011-

0301). The hamsters were randomly divided into 5 

groups (18 animals in each group). Oral mucositis was 

induced by 5-FU on days 0, 5, and 10 (65 mg/kg, IP). 

The cheek pouch mucosa was scratched with an 18-

gauge sterile needle on days three and four [1]. The first 

group of the hamsters was served as the control (without 

treatment), the second group received topical base gel, 

and the third and fourth groups were treated with the 

hydroalcoholic extracts of P. atlantica leaves 3% and T. 

ammi fruits 1% as a gel form on the cheek pouch muco-

sa, respectively. The fifth
 
group was treated with a 

mixture of these two plant extracts. To ensure that it was 

not swallowed, all the animals were forbidden to have 

any food or water for 60 minutes after the drug applica-

tions. From each group, six hamsters were selected ran-

domly and sacrificed on days 13, 15 and 17 respectively. 

Preparation of hydroalcoholic extracts 

The leaves of P. atlantica and fruits of T. ammi were 

collected from Fars province, Iran. A grinder was used 

to powder the dried plants. Then 500 g of the powdered 

materials were mixed with ethanol (80%) and were 

stirred together for one hour. Afterwards, the extract 

was dried at the oven temperature of 50ºC. Finally, the 

extracts of T. ammi 1% and P. atlantica 3% were pre-

pared.  

Stereological study 

The oral mucosa was sectioned axially and ten 4-µm 

and ten 26-µm sections per animal were sampled in a 

systematic uniform random pattern. The sections were 

stained with both Heidenhain's AZAN trichrome, and 

hematoxylin-eosin (H&E). Oral mucosa microscopic 

analyses were applied using a video microscopy system 

(E-200; Nikon™; Tokyo, Japan). The sections of 4-µm 

were used to measure the volume density of the oral 

epithelium. Briefly, a point grid was overlaid on the 

monitor and the following formula was used to measure 
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the volume density (VV) of the favored structure: VV= 

ΣP (structure) /ΣP (reference).  

In this equation, ΣP (structure) and ΣP (reference) 

are the total points, hitting of the favored structure and 

reference tissue. To estimate the mean height of the 

layers (epithelium, whole mucosa), the isotropic lines 

were imposed on the images of the 4-µm sections of the 

mucosa. 

Measurement of malondialdehyde (MDA) 

We accomplished the tissue MDA assessment by meas-

uring the thiobarbituric acid reactive substances in the 

PBS tissue homogenate. Since MDA is one of the end 

products of lipid peroxidation [14], by evaluating the 

MDA level, we can measure and scale the extent of 

lipid peroxidation. 

Superoxide dismutase (SOD) assay  

SOD detection kit (Biorex Fars, Iran) was used to de-

termine the sum of SOD activity. To form a red forma-

zan dye, firstly, we needed to generate superoxide radi-

cals, which required xanthine and xanthine oxidase to 

show reaction with 2-(4-iodophenyl)-3-(4-nitrophenol)-

5-phenyltetrazolium chloride. A Standard curve was 

used for SOD levels docketed at 505 nm and represent-

ed as U/g wet tissue. 

Myeloperoxidase (MPO) assay 

Hydrogen peroxide and o-dianisidine dihydrochloride 

are the substrates, which can be used to measure the 

MPO activity in the tissues [15]. In short form, the col-

lected check pouch tissues were scaled and then mixed 

well in a solution containing 0.5% (w/v) hexadecyl-

trimethylammonium bromide dissolved in 10 mmol/L 

potassium phosphate buffer (pH 7.4) to be fully homog-

enized. Afterwards, it was centrifuged for 30 minutes at 

the speed of 20,000 rpm at 4°C. Subsequently, an ali-

quot of supernatant was removed and 1.6 mmol/L 

tetramethylbenzidine and 0.1 mmol/L hydrogen perox-

ide (H2O2) were added to the reaction mixture. Next, in 

order to evaluate the rate of change in absorbance, a 

spectrophotometer at 650 nm was used. MPO activity 

was specified as the quantity of the enzyme required to 

degrade 1 mmol of H2O2 at 37°C and represented in U/g 

wet tissue. 

Interleukin-1B (IL-1B) level assay 

Commercial quantities of enzyme-linked immuno-

sorbent assay (ELISA) kit were used to specify the tis-

sue content of IL-1B (Biosource, USA). 

Statistical analyses 

All statistical analyses were performed using SPSS® 

statistical software, version 21 (SPSS Inc., Chicago, IL, 

USA). In order to assess the normal distribution of the 

collected data, one-sample-Kolmogorov-Smirnov test 

was used. All data were analyzed using one-way ANOVA 

and completed by post-hoc Tukey test. p< 0.05 was 

considered statistically significant. 

 

Results 

Stereology assessment 

Figure 1 shows the mean volume density of the epithe-

lium on days 13, 15 and 17 within all 5 different groups, 

respectively. 

 
 

Figure 1: The mean ± SD comparison of volume density between five different groups in 3 days of sampling. Significant differences (p< 

0.05) between 3 days were indicated by an asterisk. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4483342/figure/F2/
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As shown, on day 13, the mean volume density of 

the epithelium in the mixed group was significantly 

higher compared to other groups (p< 0.001). This in-

cluded 3.4%, 3.6%, 7.2%, and 13.6% increase against 

the P. atlantica, T. ammi gel base, and the control 

groups, respectively. In addition, P. atlantica and T. 

ammi separately had a higher mean volume of the 

density of the epithelium in comparison to both control 

and gel base groups (p< 0.001). Nevertheless, no nota-

ble difference existed between P. atlantica and T. ammi 

separately (p= 0.998). The difference between the gel 

base and control group was also significant (p< 0.001). 

Moreover, on day 15, there was a significantly higher 

mean volume density of the epithelium in the mixed 

group compared to the all other groups as 7.4%, 8.0%, 

10.7%, and 16.2% increase against P. atlantica, T. 

ammi, gel base and control groups, respectively (p< 

0.001). The P. atlantica and T. ammi separately had a 

higher mean volume of the density of the epithelium in 

comparison to the control group (p< 0.001), and the gel 

base groups (p= 0.098 and p= 0.233, respectively). 

Although no significant difference were found between 

P. atlantica and T. ammi separately (p= 0.990), the 

difference between the gel base and control groups was 

significant (p= 0.002). On day 17, the mean volume 

density of the epithelium in the mixed group was out 

standingly higher than all other groups as 8.6%, 10.8%, 

14.2% and 17.4% increase against P. atlantica, T. am-

mi, gel base and control groups, respectively (p< 0.001). 

P. atlantica had a higher mean volume of the density of 

the epithelium in comparison to both control and gel 

base groups (p< 0.001 and p= 0.004, respectively). Be-

sides, T. ammi had only a higher mean volume of the 

density of the epithelium in comparison to the control 

group (p= 0.001). No significant difference was be-

tween P. atlantica and T. ammi separately (p= 0.501) 

and between gel base and control groups (p= 0.168). 

The micrograph of the thickness of the epithelium and 

the connective tissue of the cheek pouch mucosa of dif-

ferent groups, on days 13 and 17, are illustrated in Fig-

ure 2. 

Tissue MDA level assessment 

Based on the groups of this study, on days 13, 15 and 

17, the tissue MDA concentrations are shown in Figure 

3, respectively. Based on the results, the MDA concen-

tration in the gel base and control groups had no signifi- 

 
 

Figure 2: The micrograph of the thickness of the epithelium 

and connective tissue of the mucosa of different groups. A1) 

P. atlantica on day 13th, A2) P. atlantica on day 17th B1) Con-

trol group on day 13th, B2) Control group on day 17th C1) Gel 

base group on day 13th, C2) Gel base group on day 17th D1) 

Mixed group on day 13th, D2) Mixed group on day 17th. E1) T. 

ammi on day 13th, E2) T. ammi on day 17th 
 

cant changes on days 13 (p= 1.000), 15 (p= 0.215) and 

17 (p= 0.750). However, the MDA concentration was 

higher in the control and gel base groups compared to 

all the three treatment groups within all the three days 

(p< 0.05), indicating more oxidative stress in the gel 

base and control groups which were relived using these 

treatments. Additionally, the effectiveness of mixed 

treatment was higher than P. atlantica and T. ammi sep-

arately on days 13, 15, and 17 (p< 0.001). 

No significant differences were found between P. 

atlantica and T. ammi groups on days 13 (p= 0.648), 15 

(p= 0.981) and 17 (p= 0.540). 
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Figure 3: The mean ± SD comparison of MDA concentration between five different groups in 3 days of sampling. Significant differ-

ences (p< 0.05) between 3 days were indicated by an asterisk. 
 

Tissue MPO activity 

The MPO activity of the tissues on days 13, 15
 
and 17 is 

shown in Figure 4, respectively. As the figure illustrat-

ed, among all the three treatment groups, MPO activity 

was higher in the control and gel base groups within the 

three days (p< 0.05). Nevertheless, there were no signif-

icant variations in MPO activity between the gel base 

and control groups on day 13 (p= 0.912), 15 (p= 0.994) 

and 17 (p= 0.703). Furthermore, the effectiveness of the 

mixed treatment was more than that of P. atlantica and 

T. ammi separately on days 13 (p< 0.001 and p= 0.019), 

15 (p< 0.001 and p= 0.001) and 17 (both p< 0.001). 

Although no significant differences were observed be-

tween the P. atlantica and T. ammi groups on days 13 

(p= 0.159) and 15 (p= 0.694), the MPO activity of T. 

ammi was significantly lower than P. atlantica on day 

17 (5.57±0.56 vs. 6.48±0.35 U/ml, p< 0.001). 

Tissue SOD activity 

In the treatment groups, the SOD activity of the tissue 

on days 13, 15 and 17 is shown in Figure 5, respective-

ly. Among the gel base and control groups, there were 

no significant variations in SOD activity on days 13 (p= 

0.534), 15 (p= 0.814) and 17 (p= 0.433). The SOD ac-

tivity was lower in the control and gel base groups com-

pared to the rest of the treatment groups within these 

three days (p< 0.05), revealing more oxidative stress 

and inflammation in the gel base and control groups. In 

addition, the effectiveness of the mixed treatment was 

higher than P. atlantica and T. ammi independently on 

days 15 (both p< 0.001), and 17 (p< 0.001). Although 

no significant differences were detected between P. 

atlantica and T. ammi groups on day 13 (p= 0.833), still 

the SOD activity was significantly lower than T. ammi 

in comparison to P. atlantica on days 15 (p< 0.001) and 

17 (p= 0.004). 

IL-1B measurement 

The tissue IL-1B level in the treatment groups on days 

13, 15 and 17 days is illustrated in Figure 6, respective-

ly. There were no significant difference in the IL-1B 

level among the gel base and control groups on days 13 

(p= 0.931) and 17 (p= 0.842); nevertheless, this differ-

ence was significant on day 15 (p= 0.016). The IL-1B 

level was more in the control and gel base groups than 

the other groups within all three days (p< 0.05), except 

for day 13 between the gel base and T. ammi groups 

(p=0.129).    
 

 
Figure 4: The mean ± SD comparison of MPO activity among five different groups in 3 days of sampling. Significant differences (p< 

0.05) between 3 days were indicated by an asterisk. 
 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4483342/figure/F2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4483342/figure/F3/
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Figure 5: The mean ± SD comparison of SOD activity among five different groups in 3 days of sampling. Significant differences (p< 

0.05) between 3 days were indicated by an asterisk. 
 

The effectiveness of the mixed treatment was higher 

than P. atlantica and T. ammi independently on days 15 

(p< 0.001), and 17 (p< 0.001) and against T. ammi 

treatment group on day 13 (p< 0.001). Although no 

significant differences were found between the P. 

atlantica and T. ammi groups on days 13 (p= 0.063) and 

17 (p= 0.131), the IL-1B level was significantly higher 

than T. ammi in comparison to P. atlantica on day 15 

(19.23±0.37 vs. 17.84±0.40 mmol/l, p< 0.001). 

 

Discussion  

This study was performed to evaluate the stereological, 

antioxidant and anti-inflammatory markers of P. 

atlantica, T. ammi independently and the combination 

of the two plants on induced OM in the male golden 

hamsters. In our study, we measured MDA, MPO, 

SOD, and IL-1B concentrations in all groups on days 

13, 15 and17, respectively. Based on our results, there 

were no significant changes in MDA, MPO, and SOD 

level of concentrations among the gel base and control 

groups on days 13, 15 and 17. Lower MPO, MDA, and 

IL-1B levels and superior activities of SOD were dis-

covered in the mixed treatment group compared to the 

other groups. 

Currently, there is more evidence based on the ex-

perimental researches, suggesting that both P. atlantica 

and T. ammi are antioxidant, anti-inflammatory, and 

cryo-protective agents, which are beneficial in the pro-

tection against cancer treatment-related normal tissue 

injury [16-20]. 

The major components of P. atlantica leaves are α-

tocopherols and some important sterols that have anti-

oxidant properties and health benefits such as being 

precursors of vitamin D and lowering blood cholesterol 

[20]. Their antioxidant activities are carried to the at-

tendance of tocopherols and tocotrienols and are as ac-

tive as vitamin E [21-22]. Tanideh et al. [23] showed 

the use of P.atlantica essential oil accelerates the heal-

ing of OM lesions in hamsters due to its major compo-

nent, unsaponifiable matter. 

The two major constituents of unsaponifiable matter, 

which are known as natural antioxidants, are triterpenic 

compounds or phytosterols and vitamin E (in the forms 

of tocopherols and tocotrienols) and triterpenic compou- 

 

 
Figure 6: The mean ± SD comparison of IL-1B activity among five different groups in 3 days of sampling. Significant differences (p< 

0.05) between 3 days were indicated by an asterisk. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4483342/figure/F4/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4483342/figure/F4/
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nds or phytosterols [24]. 

El-Housseiny et al. [25] found that a vitamin E en-

riched diet could be beneficial in the treatment of pa-

tients with oral mucositis. The therapeutic role of 

P.atlantica leaves for oral mucositis in golden hamsters 

may be similar to vitamin E, which is in consistent with 

the findings of El-Housseiny et al. [25] Uçüncü et al. 

[26] found that vitamin E and L-carnitine remarkably 

reduce both the severity of oral mucositis and the level 

of MDA. The researchers offered antioxidants and some 

micronutrients as therapeutic agents. In another study, it 

was shown that vitamin E might be an effective therapy 

in patients with chemotherapy-induced mucositis [27]. 

Mutlu-Turkoglu et al. [28] reported that vitamin E was 

effective in the prevention of radiation-induced 

intestinal injury in rats by ameliorating disturbances in 

pro-oxidant-antioxidant balance. 

Consistently, in our study, MDA and MPO levels 

decreased in the treatment groups, and this reduction 

may be attributed to the protective effect of P. atlantica 

leaves, which might in turn be due to the presence of 

tocopherols and tocotrienols. 

The other plant used in this study was T. ammi, also 

known as Ajowan caraway. T. ammi methanol fruit ex-

tract contains potent antioxidant activity against DPPH 

[29]. Khan et al. [30] found out that T. ammi seed had a 

novel compound with activity against cariogenic proper-

ties of streptococcus mutans. It reduced both streptococ-

cus mutans adherence as well as the biofilm establish-

ment significantly. 

During granuloma tissue formation, the number of 

fibroblasts and synthesis of collagen and mucopolysac-

charides may increase, causing anti-inflammatory ac-

tivity [31]. The phytochemical analysis of T. ammi 

aqueous extract and T. ammi ethanol extract revealed 

components like terpenes, glycosides, and sterols, which 

exerted active anti-inflammatory effects. Besides, the 

fruit extract had an anti-inflammatory activity due to the 

presence of certain polar constituents such as flavonoids 

and glycosides [23]. Our data indicated that the combi-

nation of P. atlantica and T. ammi had a protective role 

of anti-oxidative enzymes including, MDA, MPO, and 

SOD in the pathogenesis of OM. In this study, we have 

demonstrated that the combination of P. atlantica and T. 

ammi could decrease MDA and MPO concentration and 

increase SOD activity compared to the other groups. 

The stereological results of our current study indi-

cated that the mixture of P. atlantica and T. ammi ex-

tracts promotes the epithelium tissue regeneration com-

pared to the control and gel base groups. These findings 

were in agreement with those obtained in the previous 

studies, demonstrating that P. atlantica had some heal-

ing effects, especially in histopathological findings [32]. 

Our findings are in the same line with those of the study 

conducted to investigate the wound healing potential of 

the leaves of eucalyptus citriodoral in golden hamsters. 

It was shown that tannins promote wound healing 

through several cellular mechanisms such as scavenging 

of free radicals and ROS, promoting contraction of the 

wound, and increasing the formation of capillary vessels 

and fibroblasts [33]. During the re-epithelialization of 

the wound, the keratinocyte migrates from the edge of 

the wound, and the proliferation depends on the interac-

tion of the keratinocytes with dermal fibroblasts and the 

extracellular matrix, specifying the role of the fibro-

blasts on the reconstitution of the dermal-epidermal 

junction [34]. 

 

Conclusion  

The use of the topical gel form of hydroalcoholic ex-

tracts of P. atlantica leave, T. ammi fruit, and their 

mixture might be associated with the repair of OM by 

reducing the levels of MPO and MDA,IL-1B, 

increasing the activity of SOD and the volume of the 

epithelium. This study indicated that the mixture of P. 

atlantica and T. ammi might be effective in the 

treatment of OM. 
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