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Abstract 

Background and objective: The prevalence of ulcerative colitis, a condition characterized by inflammation in 

the intestinal wall, has been increasing. Dracocephalum moldavica has anti-inflammatory, antioxidant, and 

immunomodulatory properties. The current study aimed to evaluate the therapeutic effects of Dracocephalum 

moldavica on ulcerative colitis in Wistar rats. 

Materials and methods: Thirty-two male Wistar rats were divided into four groups for this study. Group 

1(control) received only phosphate buffer saline, group 2 was exposed to acetic acid to develop ulcerative colitis, 

group 3 was the rats with ulcerative colitis treated with Dracocephalum moldavica extract at concentration of 

30 mg/kg/day, and group 4 was the rats with ulcerative colitis treated by prednisolone at concentration of 4 

mg/kg/day. After ten consecutive days, the rats were euthanized humanely, and their intestinal tissue was 

thoroughly examined to measure the levels of inflammatory mediators and oxidative stress indices. 

Results and conclusion: Treatment with Dracocephalum moldavica showed more advantage than treatment 

with prednisolone in restoring the overall antioxidant capacity of the colonic specimens in rats with induced 

colitis. Although malondialdehyde levels decreased, the total protein content of colonic homogenates increased 

in both treatment groups, albeit not significantly. Moreover, Dracocephalum moldavica extract showed a 

significant reduction in TNF-α, IL-6, and IFNɣ cytokines compared to prednisolone. The stories of 

myeloperoxidase and nitric oxide were significantly decreased in the colons of rats treated with Dracocephalum 

Moldavia, surpassing the effects observed in the prednisolone group. The findings of this study suggest that the 

use of Dracocephalum moldavica extract as an herbal remedy has excellent potential in alleviating inflammation 

in rat models of ulcerative colitis. The positive roles of Dracocephalum moldavica extract are attributed to its 

direct antioxidant, anti-inflammatory, and immunomodulatory effects. 
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1. Introduction 

Immunostimulants are substances that stimulate the 

immune system, while immunosuppressor compounds 
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weaken a particular component, leading to a reduc-

tion in immunological responses. Medicinal plants 

can impact the immune system. The body's defense 

against pathogens is crucial, and the B lymphocyte 

plays a significant role in humoral immunity. This 

cell helps eliminate infectious agents by producing 

antibodies, neutralizing toxins, facilitating phago-

cytosis, activating complement, and creating posi-

tive feedback. In addition to humoral immunity, 

cellular immunity is vital in defending the body 

against pathogens. It directly targets microbes, 

parasites, and cells infected with viruses and other 

pathogens. Before introducing the mentioned com-

ponents, innate immunity served as the foundation 

for activating both arms of the immune system. It 

primarily combats pathogens and infectious agents. 

Based on their composition, medicinal plants can 

influence any of these areas and exhibit immuno-

modulatory effects, categorizing them as either 

immunostimulants or immunosuppressors [1]. 

Medicinal plants and their derived compounds are 

widely recognized as effective treatment options 

with minimal side effects worldwide. These plants 

help treat and manage various diseases and have 

fewer adverse effects than chemical drugs [2]. 

According to statistical data, approximately 25% of 

medications available today are derived from 

chemical substances found in plants. [3]. Draco-

cephalum moldavica is an annual herb that has 

about 60 species. Distributed mainly in temperate 

regions of Asia [4]. D. moldavica, a perennial herb 

from the Lamiaceae (Labiatae) family, has various 

traditional uses in Iran. Badershoo is known for its 

culinary properties and effectiveness in treating 

stomach and liver disorders, headaches, and 

congestion. Additionally, D. moldavica is a cardio-

tonic agent in Iranian folk medicine. In vitro studies 

have demonstrated the anti-Helicobacter pylori 

activity of D. moldavica's total extract. Further-

more, this plant possesses sedative, carminative, 

skin anti-inflammatory (when used topically), 

spasmolytic, anti-microbial, and fungicidal effects, 

as reported in pharmacological studies [5]. 

Recent pharmacological research has demonstrated 

that the active constituents found in D. moldavica 

safeguard ischemic myocardium and mitigate the 

harm caused by oxygen-free radicals on platelets in 

individuals suffering from coronary heart disease [4]. 

In the past few years, the analysis of drug composition 

has uncovered that D. moldavica primarily consists of 

volatile oil, trace elements, terpenoids, flavonoids, and 

polysaccharides. Flavonoids are considered to be 

among the vital active constituents [6]. The subjects 

who consumed a high amount of flavonoids showed a 

decreased likelihood of developing coronary heart 

disease, as indicated by epidemiological research [7]. 

The effects of flavonoids are characterized by their 

protective properties, such as antioxidative, anti-

inflammatory, and antithrombotic activities. Addition-

ally, these compounds play a role in reducing blood fat 

levels and inhibiting platelet aggregation. Never-

theless, the specific pharmacological action mecha-

nism through which total flavonoids from D. mold-

avica affect atherosclerosis remains unknown[4]. 

This herbaceous plant has been reported to contain 

active components with anti-inflammatory and anti-

oxidant effects, such as hydroxycinnamic acids, 

flavonoids, and rosmarinic acid [4]. Rosmarinic acid 

has also been reported to significantly inhibit lung cell 

apoptosis and decrease the level of p53 in lipopoly-

saccharide-induced septic mice by inhibiting the 

activation of the GRP78/IRE1alpha/JNK pathway [8]. 

Additionally, rosmarinic acid has been shown to 

downregulate TNF-a, IL-6, and HMGB-1 levels in 

lipopolysaccharide-induced RAW 264.7 cells by 

inhibiting the IkB kinase pathway [9]. For these 

reasons, this plant seems suitable for treating 

inflammatory diseases such as autoimmune diseases . 

Ulcerative colitis is a recurrent and unexplained 

syndrome that falls under the category of inflam-

matory bowel disorders (IBD). The precise cause of 

ulcerative colitis remains uncertain to this day. 

Ulcerative colitis is characterized by an increased 

production of harmful free radicals, a reduced ability 

to counteract their effects through antioxidants, and 

the presence of pro-inflammatory cytokines. The 

excessive presence of reactive oxygen species and 

subsequent lipid peroxidation decrease cellular 
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antioxidant capacity, resulting in inflammation in 

the colon. The development of ulcerative colitis is 

heavily influenced by severe inflammation and 

oxidative stress. Common symptoms of ulcerative 

colitis include diarrhea, bloody stools, abdominal 

pain, and ulceration in the mucous lining of the 

large intestine [10]. Due to the rise in the 

occurrence and prevalence of ulcerative colitis 

globally, it is widely recognized as a global ailment 

[11]. Commonly, its initial therapy involves the use 

of NSAIDs, corticosteroids, and immunosupp-

ressants. However, these medications come with 

undesirable side effects such as allergies, nausea, 

and lymphoma [12]. With these explanations, this 

study investigates the effect of D. moldavica on the 

process and treatment of experimental ulcerative 

colitis in rats. 

2.  Material and method 

2.1. Reagents 

Fetal calf serum and Dulbecco’s modified medium 

(DMEM) were obtained from GIBCO/Life 

Technologies Inc. (Gaithersburg, MD). Zist Chemi 

Co. (Tehran, Iran) provided a total protein assay kit. 

RNX-Plus solution for RNA isolation was procured 

from DENAzistAsia(Mashhad, Iran). SYBR 

Premix Ex TaqII and cDNA reverse transcription 

kits were purchased from TAKARA (Takara 

Biomedical Ltd., China). Myeloperoxidase and 

nitric oxide assay kits were prepared by Navand-

Salamat Corporation (NavandSalamat, Urmia, 

Iran). Other reagents were purchased from Sigma-

Aldrich (St. Louis, MO). 

2.2. Preparation of extract from D. moldavica 

The fresh plant was washed after collection. The 

plants were dried in the shade. Then, they were 

ground in a mortar and kept in 50% ethanol for 48 

h. The resulting mixture was passed through a cloth 

filter and then filter paper. The resulting material 

was placed in a rotary for 24 h, and the thick liquid 

obtained was transferred to a plate to remove water 

and kept inside the oven until drying. Finally, 1 g of 

the extract was dissolved in 10 ml of water. 

2.3. Animals 

Male Wistar albino rats (150-200 g) were obtained 

from the Urmia University animal house care center 

and housed there. The animals were kept with a 12-h 

light/dark cycle and had a standard pellet sand and 

water diet. Before the trial's start, the animals' 

adaptation period took (room temperature 25 ±5 °C) 

for ten days. All the procedures were performed 

according to the standard animal experimentation 

protocol of the ethics committee of the Urmia 

University for Animal Studies (AECVU-182-2018). 

2.4. Acid citric induced ulcerative colitis model in 

Wistar rat 

Male Wistar albino rats (150-200 g) were obtained 

from the Urmia University animal house care center 

and housed there. The animals were kept with a 12-h 

light/dark cycle and had a standard pellet and water ad 

libitum diet. Before the trial's start, the animals' 

adaptation period took (room temperature 25 ±5°C) 

for ten days. All the procedures were performed 

according to the standard animal experimentation 

protocol of the ethics committee of the Urmia 

University for Animal Studies (AECVU-182-2018). 

2.5. Experimental protocols 

Induction of colitis in rats was conducted as 

designated previously [13]. Briefly, after fasting rats 

for 24 h, the animals were anesthetized using ether. 

The catheter was placed in the colon, and a 2 ml 

solution of 4% acetic acid was installed through the 

rectum. Rats were assigned to the following groups 

(n=8): Group 1 was an intact group and received only 

isotonic saline as the control group (Control), Group 2 

receives citric acid to induce ulcerative colitis, Group 

3 received acid citric to cause ulcerative colitis and 

prednisolone 4 mg/kg/day of body weight (UC+Pred), 

and Group 4 obtained acid citric-induced ulcerative 

colitis and D. moldavica 30 mg/kg/day of body weight 

(UC+DM). Treatments were started on induction day 

and continued until ten days; then, rats were 

sacrificed, and samples for tests were collected. 

Throughout the experiment, body weight, stool 
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consistency, and gross bleeding were monitored 

daily. The disease cumulative score was calculated 

based on the sum of all factors in Table 1. 

Table 1- Scoring system for assessing the severity 

of ulcerative colitis 
Score Weight 

loss 

Stool 

consistency 

Blood feces 

0 Negative Normal Negative 

1 1-9% Soft Red 

2 10-19% Very soft Dark red 

3 >20% Diarrhea Black 

*The disease cumulative score was calculated as the sum of all 

scores. 

2.6. Myeloperoxidase and nitric oxide enzyme 

activity determination 

Myeloperoxidase level in the colonic homogenates 

was monitored like a protocol defined previously 

[14]. In brief, 10 µl of the homogenized colon was 

combined with 110 µl of a tetramethyl benzidine 

solution (2.9 mM tetramethyl benzidine in 14.5% 

dimethyl sulfoxide and 150 phosphate buffer saline 

at pH 5.4), along with 80 µl of 0.75 mM hydrogen 

peroxide. The optical density at 450 nm was 

immediately measured. Following 15 min 

incubation at 37 °C, 50 µl of 2 M sulfuric acid was 

added to stop the reaction. The absorbance at 450 

nm was then determined using a spectrophoto-

meter. Internal standards of horseradish peroxidase 

(10 µl at concentrations of 2.5 and 25 milliunits/ml) 

were utilized. The activity of myeloperoxidase was 

calculated by comparing the absorbance to the 

horseradish peroxidase standard curve. The results 

were expressed as milliunits per milliliter (mg/ml). 

The level of nitric oxide in the colonic homogenates 

was measured with the colorimetric method using 

the commercial kit (NavandSalamat, Urmia, Iran).) by 

manufacturer instruction. 

2.7. Malondialdehyde  

Determination of malondialdehyde level in the colonic 

homogenates followed a similar protocol as described 

by AlRejaie et al. [15]. In brief, 2.5 ml of reaction 

buffer consisting of 0.37% thiobarbituric acid, 0.25 M 

HCl, and 15% trichloroacetic acid in a 1:1:1 ratio was 

mixed with 100 µl of colon homogenate. The mixture 

was then heated at 96 ºC for 60 min. After cooling, it 

was centrifuged at 3500 ×g for 10 min. The absor-

bance of the supernatant at 540 nm was measured to 

determine malondialdehyde levels. The results were 

reported as nM of malondialdehyde per mg of protein. 

2.8. Total protein levels assessment in colonic 

tissues 

The determination of total protein levels in colonic 

homogenates was conducted using the pyrogallol red-

molybdate method, following the guidelines provided 

by the manufacturer [16]. 

2.9. Real-time PCR 

To monitor TNF-α, IFN-γ, IL-6, and IL-4 levels, the 

Intestine tissue was subjected to total RNA extraction 

using the RNX-Plus solution, following the instruct-

tions provided by the manufacturer. The extracted 

RNA was then utilized to synthesize complementary 

DNA. PCR amplification was performed in triplicate 

using a SYBR Green kit, following the manufacturer's 

guidelines [17,18]. The HPRT gene, a housekeeping 

gene, was employed as a reference. The forward and 

reverse primers for mRNA amplification can be found 

in Table 2. The results were presented as 2-ΔΔCt 

(mean fold change). 

Table 2- Forward and reverse primers used in Real-Time PCR 

Cytokines Forward primes Reverse primer References 

TNFα 5′-CATCTTCTCAAAATTCGAGTGA 

CAA-3′ 

5′-TGGGAGTAGACAAGGTACAACC 

C-3′ 

[19] 

IFN-γ 5′-TCAAGTGGCATAGATGTGGAA 

GAA-3′ 

5′-TGGCTCTGCAGGATTTTCATG-3′ [19] 

IL-6 5′- GACAACTTTGGCATTGTGG -3′ 5′- ATGCAGGGATGATGTTCTG -3′ [20] 

IL-4 5′-CACTTAGCTGTGACACACTT 5′-CAAGAAGTTTTCCAACGTACTCTG [21] 
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CTCGAGAGAC-3 GTTGGC-3′ 

GAPDH 5′- CAAAGCCAGAGTCCTTCAGA-3 5′- GATGGTCTTGGTCCTTAGCC -3 [21] 

2.10. Statistical analysis 

The Shapiro-Wilk test was employed to establish 

the normal distribution of the data. The Kruskal-

Wallis test was utilized to analyze the disease 

activity index. The findings were then subjected to 

a one-way analysis of variance (ANOVA) and 

Tukey's post hoc test for further research. The 

results were expressed as mean ±SD, and the 

significance level was p<0.05. 

3. Results and discussion  

One of the existing tools used to measure 

multimorbidity is the cumulative disease score, 

which considers all medical problems encountered 

in primary care [21]. 

In this study, disease cumulative score (CDS) of 

each rat was monitored every day after the instilla-

tion of acetic acid into the colons of rats. As 

expected, colonic instillation of acetic acid led to a 

high CDS score and high mortality rate in the 

ulcerative colitis control group (Figure 1). Obtained 

data showed that both therapies could reduce the CDS 

index (Figure 1). However, it decreased in the group 

receiving prednisolone as an immuno-suppressor drug 

decreased more than the group receiving D. moldavica 

extract. Although it was not statistically significant (p 

< 0.05). The amount of CDS in the intact group 

remained close to zero until the end of day 10. It also 

showed the amount of CDS on the last day of 

treatment (day 10). As can be seen, the cumulative 

disease index on the previous day in the D. moldavica 

and prednisolone groups decreased significantly 

compared to the ulcerative colitis control group. Still, 

the difference between D. moldavica and prednisolone 

groups was not statistically significant. 

 
Figure 1- Evaluation of cumulative disease score; UC: ulcerative colitis; Pred: prednisolone; DM: 

Dracocephalum moldavica. Different letters show significant difference (p < 0.05). 

 

Activity of myeloperoxidase and nitric oxide 

enzymes is shown in Figure 2 as an indicator of the 

level of inflammation in the body. Figure 2a shows 

myeloperoxidase activity. As can be seen in the 

figure, the activity of this enzyme decreased in the 

groups treated with prednisolone, and the D. 

moldavica group, and both treated groups were 

significantly different from each other, as well as from 

the control group and the group with ulcerative colitis. 

The group treated with D. moldavica responded better 
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to the treatment than the prednisolone group. Figure 

2b which shows the level of nitric oxide enzyme 

activity, the situation is slightly different. There 

was no significant difference in activity of this 

enzyme between the prednisolone and D. 

moldavica groups. However, there was a 

considerable difference between the control and 

intact groups. The decrease in the activity of these 

enzymes indicates a reduction in the level of 

inflammation and a decrease in the severity of the 

autoimmune disease in the animal . 

 
Figure 2- Myeloperoxidase activity (a), and nitric 

oxide activity (b), in Wistar rats induced with 

ulcerative colitis. Different letters show significant 

difference (p < 0.05).  

The induction of colitis led to a significant decrease 

in the antioxidant properties of the colonic 

homogenate specimens in colitis rats compared to 

normal animals (Table 3). The data obtained 

showed that treatment with D. moldavica resulted 

in a more pronounced improvement in restoring the 

overall antioxidant capacity of the colonic 

homogenate specimens in colitis rats compared to 

treatment with prednisolone. As a result, D. 

moldavica brought the antioxidant capacity back to 

the level observed in normal rats in colonic samples 

(Table 3). Additionally, the total protein content of the 

colonic homogenate in colitis rats was significantly 

reduced compared to normal animals (Table 3). The 

level of complete protein in colonic specimens 

increased substantially in both treatment groups, with 

no significant difference, compared to control-positive 

rats (Table 3). 

Table 3- Results of biochemical changes in the 

colonic tissues 

Groups Malondialdehyde 

(µM/mg) 

Total protein (mg/g 

tissue) 

Intact 1.63 ±0.19a 257.3 ±28.1a 

UC 40.22 ±6.01b 66.3 ±10.8b 

UC+Pred 16.22 ±1.92c 134.6 ±13.04b 

UC+DM 9.64 ±1.50c 129.19 ±11.9a 
*Different letters in the columns show significant difference (p < 

0.05). 

Figure 3 displays the results of the Real-time PCR test. 

The image reveals a decrease in TNFα gene 

expression in the groups treated with D. moldavica 

and prednisolone, with the most significant reduction 

observed in the D. moldavica group. TNFα is a crucial 

inflammatory cytokine released during the initial 

phase of inflammatory diseases. Furthermore, the 

gene expression of the inflammatory cytokines IFNɣ 

and IL-6 decreased more in the D. moldavica treated 

groups compared to the prednisolone-treated groups. 

This decrease in the expression of inflammatory genes 

indicates a favorable response to treatment, consi-

dering prednisolone's role as a vital immuno-

suppressive drug prescribed for autoimmune diseases. 

In contrast, the face of the IL-4 gene, an anti-

inflammatory cytokine, decreased in the untreated 

group with the disease (ulcerative colitis control). 

However, it increased in the groups treated with 

prednisolone and D. moldavica, with the highest 

increase observed in the D. moldavica group. 
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Figure 3- Real-time PCR analysis of cytokines in Wistar rats induced with ulcerative colitis. TNFα (a), IFNɣ 

(b), and IL-6 (c) are pro-inflammatory cytokines, and IL-4 (d) is anti-inflammatory cytokine. 

Multiple research studies have demonstrated that an 

equilibrium within the intestinal microbiota plays a 

role in developing intestinal inflammation linked to 

ulcerative colitis. Consequently, maintaining the 

balance of gut microbiota is of utmost importance 

in treating ulcerative colitis [22]. The acetic acid-

induced destruction of the intestinal mucosa results 

in acute local inflammation in both the rectum and 

the colon, causing a pathological pattern resemb-

ling ulcerative colitis [23]. The pathology is driven 

primarily by a significant infiltration of neutrophils 

and oxidative and nitrative damages. [24]. Despite 

the ability of corticosteroids such as prednisolone 

to effectively manage inflammation, they do not 

have any impact on tissue oxidative or nitrative 

injuries. Moreover, the immunosuppressive charac-

teristics of corticosteroids, along with numerous 

other side effects, have prompted the researchers to 

seek an alternative therapy [12]. D. moldavica L. 

extract, a typical traditional Chinese medicine, has 

been demonstrated to possess numerous pharmaco-

logical effects, such as antioxidative, anti-

inflammatory, and antibacterial properties. The 

efficacy of D. moldavica extract in ameliorating 

ulcerative colitis has been established through various 

measures such as improvement in disease activity 

index, weight loss, colon length, and histological 

scoring. Additionally, the administration of D. 

moldavica extract has been found to enhance the count 

of Lactobacillus, a beneficial probiotic. Moreover, 

network pharmacology analysis has revealed that the 

active ingredients present in the D. moldavica extract, 

including luteolin, rosmarinic acid, oleanolic acid, 

ursolic acid, apigenin, acacetin, kaempferol, and 

isorhamnetin, are closely associated with anti-

inflammatory activity. These active ingredients exert 

their effects through multiple signaling pathways, 

including the NF κB, IL 17, TNF–α, and Toll-like 

receptor (TLR) signaling pathways. [22].  

The colonic mucosa of patients with active ulcerative 

colitis exhibits elevated levels of proinflammatory 

cytokines such as IL-1 beta, IL-6, IL-8, and TNF–α 

when cultured in an organ setting [25]. In 2019, 

Dianbo Yao and colleagues showcased the impact of 

disrupting the intestinal mucosal barrier and bacterial 

invasion on the development of intestinal inflam-

44 



D. moldavica for treatment of ulcerative colitis Mahmoudzadeh et al. 

Human, Health and Halal Metrics; 2023: 4(2) 

 

 

mation. This disruption led to the stimulation of 

TLR4/NF-κB in intestinal epithelial cells, resulting 

in inflammatory cell infiltration and the release of 

inflammatory cytokines. These processes provided 

survival advantages to susceptible cells and 

promoted abnormal proliferation. Additionally, the 

study highlighted the specific roles of TLR4/NF-

κB, TNF–α, and IL-6 in both intestinal epithelial 

cells and inflammatory cells [26]. In the present 

investigation, the ulcerative colitis group exhibited 

the highest levels of inflammatory cytokines, 

whereas these levels decreased in the D. moldavica 

treated group. The comparison between the 

decreasing values of the D. moldavica group and 

the prednisolone treated group, along with the 

increase in the secretion of the anti-inflammatory 

cytokine IL-4, signifies the restoration of the body's 

immunomodulatory state and its approach toward 

normalcy. Undoubtedly, this indicates the success 

of the treatment. Furthermore, when considering 

the reduction in disease cumulative score, which 

serves as a cumulative index of the disease, it 

becomes evident that D. moldavica treatment has 

been effective. 

On the other hand, the activity of the myelo-

peroxidase enzyme serves as a widely recognized 

indicator for assessing the functionality of neutro-

phils and leukocytes, as well as determining the 

extent of inflammation within the body [27]. It is 

believed that during sterile inflammation, the 

presence of myeloperoxidase and the resulting 

oxidants contribute to the escalation of inflam-

mation and tissue harm. The levels of myelo-

peroxidase have been found to rise in various 

autoimmune diseases and during the inflammatory 

phase of these conditions. Myeloperoxidase is 

reputed to enhance vascular permeability and 

trigger inflammatory immune reactions. [28]. It 

seems that nitric oxide activity is also used to 

measure the level of inflammation [29]. Moreover, 

the lipid peroxidation process in an organism is 

initiated by free radicals. Polyunsaturated fatty acid 

peroxidation within cells produces malondi-

aldehyde as one of its end products. The excessive 

presence of free radicals results in an elevated 

production of malondialdehyde. Consequently, the 

level of Malondialdehyde serves as an indicator of 

oxidative stress and the antioxidant status in 

individuals diagnosed with cancer. [30].  

In our investigation, we observed a decline in the 

activity of myeloperoxidase and nitric oxide enzymes 

in the D. moldavica treated group. Additionally, a 

reduction in malondialdehyde and total protein levels 

indicated a decrease in inflammation in the same 

group. An analysis of the collected data reveals that 

the D. moldavica treated group exhibited positive 

responses to the treatment, or at the very least, disease 

control. These findings will be further supported by 

comparing the results to those of the prednisolone 

group. Considering the numerous challenges that CU 

poses for patients and the drawbacks of immuno-

suppressive medications, we propose using D. molda-

vica plants to treat this condition. However, it is 

strongly advised that further research be conducted on 

immunological findings, cell counting, and marker 

assays of these cells. 

4.  Conclusion 

To summarize, the findings indicate that utilizing 

natural antioxidants and immunomodulatory plants 

can be a hopeful approach to reducing inflammation 

in a rat model of ulcerative colitis. Acknowledging the 

positive impacts of D. moldavica hydro-alcoholic 

extract, such as its direct antioxidant and immuno-

modulatory properties and direct anti-inflammatory 

effects, is reasonable. Nevertheless, there may be 

additional mechanisms at play that require further 

investigation. 
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