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Abstract. 
The effects of Zataria multiflora (Z. multiflora) and pioglitazone (a PPAR-γ agonist) alone and in combination, on systemic inflammation and oxidative stress induced by inhaled paraquat (PQ) as a herbicide, which induced inflammation in rats, were examined. Rats were exposed to (1) saline (control) and (2) 54 mg/m3 PQ aerosols (8 times, every other day, each time for 30 min) without treatment or treated with (3 and 4) two doses of Z. multiflora (200 and 800 mg/kg/day), (5 and 6) two doses of pioglitazone (5 and 10 mg/kg/day), (7) low doses of , (Pio-5+Z-200 mg/kg/day) or (8) dexamethasone (0.03 mg/kg/day) for 16 days, after the last PQ exposure. Different variables were measured at the end of the treatment period. Exposure to PQ significantly increased total and differential white blood cells (WBC) counts, serum levels of nitrite (NO2), malondialdehyde (MDA), interleukin- (IL) 17, and tumor necrosis factor alpha (TNF-α), but reduced thiol, superoxide dismutase (SOD), catalase (CAT), IL-10, and interferon-gamma (INF-γ) ( to ). Most measured parameters were significantly improved in groups treated with either doses of the extract, pioglitazone, Pio-5+Z-200 mg/kg/day, or dexamethasone compared to the PQ group ( to ). The combination of low doses of Pio-5+Z-200 mg/kg/day showed significantly higher effects compared to each one alone ( to ). Systemic oxidative stress and inflammation due to inhaled PQ were improved by Z. multiflora and pioglitazone. Higher effects of Pio-5+Z-200 mg/kg/day compared to each one alone suggest modulation of PPAR-γ receptors by the plant extract, but further studies using PPAR-γ antagonists need to be done in this regard.

1. Introduction
Paraquat (PQ) (C12 H14 N2), a bipyridinium and nonselective quaternary nitrogen herbicide, is commonly used worldwide [1]. In 1985, only in Japan, approximately 2000 deaths occurred/year due to PQ digestion which were mostly intentional, and in 2020, more than 150,000 people died due to pesticide poisoning [2, 3]. PQ intoxication is characterized by swelling, bleeding, inflammation, and proliferation of bronchial epithelial cells [4]. Exposure to PQ is accidental or intentional in humans and animals, and the most common routes of exposure are inhalation and dermal [5]. Following oral administration, PQ causes burning and swelling of the mouth and throat, followed by gastrointestinal symptoms such as abdominal pain, loss of appetite, nausea, vomiting, diarrhea, and systemic inflammation [6]. It has also been reported that administration of PQ can lead to an increase in inflammatory factors such as TNF-α [7].
Zataria multiflora Boiss (Z. multiflora) from Lamiaceae family grows in southern Iran, Afghanistan, and Pakistan [8]. The constituents of Z. multiflora are terpenes, phenols, aliphatic alcohols, flavonoids, saponins, tannins, thymol, carvacrol, apigenin, luteolin, and 6-hydroxyluteolin glycosides, as well as di-, tri-, and tetramethoxylated. Oral administration of Z. multiflora aqueous extract (boiled) is used in traditional medicine for its analgesic, antiseptic, antioxidant, anti-inflammatory, anthelmintic, and antidiarrheal properties [8]. Z. multiflora extract has been used in inflammatory and immune deficiency diseases or against conditions associated with increased oxidative stress [8].
Peroxisome proliferator-activated receptors (PPARs) are a group of ligand-dependent nuclear receptors that act as transcription factors and have three known α, β/δ, and γ isoforms in humans [9]. PPAR-γ agonists were shown to affect the cardiovascular system [10]. PPAR-γ agonists are insulin-sensitive drugs used to treat insulin resistance [11]. The activation of PPAR-γ receptors showed anti-inflammatory and anticancer effects as well as the regulations of cellular metabolism, cell differentiation, and apoptosis [9, 12].
Therefore, in the present study, the effects of Z. multiflora hydroalcoholic extract and a PPAR-γ agonist and their combination, on systemic inflammation and oxidative stress induced by inhaled PQ in rats, were investigated. The effect of combination of low dose of the extract and pioglitazone was studied to evaluate their synergistic effect.
2. Materials and Methods
2.1. Animals and Groups
The study was performed in forty-eight male Wistar rats (weighing approximately 200–250 g) kept in the animal house, School of Medicine, Mashhad University of Medical Sciences, Iran. The animals were kept at °C with a 12 h light/dark cycle and fed a standard diet and tap drinking water ad libitum. The ethics committee of Mashhad University of Medical Sciences approved the Animal Experiments of the present study with allowance Code 961202.
Eight groups of rats ( in each group) were studied: (1) control group, which was exposed to normal saline aerosol; (2) animals exposed to PQ (Sigma-Aldrich Co., China) aerosol at dose of 54 mg/m3 [13–15]; (3 and 4) two groups exposed to PQ 54 mg/m3 and treated with two doses of the extract of Z. multiflora (200 and 800 mg/kg/day); (5 and 6) two groups exposed to PQ 54 mg/m3 and treated with two doses (5 and 10 mg/kg/day) of the pioglitazone (Samisaz Pharmaceutical Company, Iran); (7) one group exposed to PQ 54 mg/m3 and treated with Pio-5+Z-200 mg/kg/day; and (8) one group exposed to PQ 54 mg/m3 and treated with dexamethasone (Sigma-Aldrich Co., St. Louis, MO, Germany; 0.03 mg/kg/day). The control group was exposed to saline and other groups to PQ (Sigma-Aldrich Co., China) aerosols 8 times on days 1, 3, 5, 7, 9, 11, 13, and 15, each time for 30 min during a 16-day period. In treated groups, the extract, pioglitazone, or dexamethasone was administered by gavage for 16 days after the end of PQ exposure [15, 16] (Figure 1).




			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
			
				
			
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
			
				
			
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
			
				
			
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
			
				
			
			
				
			
			
				
			
			
				
			
			
				
			
			
				
				
			
			
				
				
			
			
				
				
			
			
				
				
			
			
				
				
			
			
				
				
			
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
		Figure 1: Protocol of exposing animals to t inhaled PQ (54 mg/m3) and treatment of animals with the extract, pioglitazone and dexamethasone.


2.2. Exposure to PQ
For production of PQ aerosol, a nebulizer (Omron CX3, Japan, particle size 3–5 μm) with an air flow of 8 L/min was used. A volume of 4.5 mL of 1.33 mg/mL PQ solution was added to the nebulizer chamber each time. The solution output of the nebulizer was 0.15 L/min and its air output was 3.7 L/min. The aerosol was delivered to exposure box, with dimensions  cm as previously described [15]. Therefore, the PQ dose in the exposure box was 54 mg/m3 [13].
2.3. Plant Extract Preparation
Plant collection and extract preparation were fully described in our previous study [15]. The plant was identified by Mr. Joharchi, Herbarium of the School of Agriculture, Ferdowsi University, and a voucher specimen was preserved (Herbarium No. 35314, FUMH). Briefly, the hydro-ethanolic extract was prepared by mixing 100 g of dried shoots and powdered Z. multiflora with 875 mL of 50% ethanol and shacked for 72 h at room temperature. The solvent was removed under reduced pressure, and the yield extract was 33.2 g. The studied doses of the extract were freshly prepared for gavage by adding water to dried extract [15].
2.4. Characterization of the Extract of Z. multiflora by HPLC
The extract of the plant was characterized in our previous study by a HPLC-UV (multiwavelengths) (Waters 474, Waters Corporation, Milford, MA, USA) finger print. Figure 2 illustrates chromatographic profile of pure carvacrol (5/1000) with retention time at about 9 min.




			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
		
			
			
			
			
			
			
		
			
			
			
			
			
			
		
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
			
		
			
			
			
			
		
			
			
			
			
		
			
			
			
			
		
			
			
			
			
		
			
			
			
			
		
			
			
			
			
		
			
			
			
			
		
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
		
			
			
			
			
		
			
			
			
			
		
			
			
			
			
			
			
		
			
			
			
			
			
			
		
			
			
			
			
			
			
		
			
			
			
			
			
			
		
			
			
			
			
			
			
		
			
			
			
			
			
			
		
			
			
			
			
			
			
		
			
			
			
			
			
			
		
			
			
			
			
			
			
		
			
			
			
			
			
			
		
			
			
			
			
			
			
		
			
			
			
			
		
			
			
			
			
		
			
			
			
			
		
			
			
			
			
		
			
			
			
			
		
			
			
			
			
		
			
			
			
			
			
			
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
		Figure 2: Fingerprint of (a) the extract of Z. multiflora (50 mg/mL) and the (b) pure carvacrol (C10H14O, 5/1000) (Boskabady et al., 2011). The extract showed a peak appears on 8.98 min which was as the same as retention time (RT) of pure carvacrol (9.49 min).


2.5. Total and Differential WBC Counts
After the end of the treatment period (day 33), the rats were anesthetized by intraperitoneal injections of ketamine (50 mg/kg) and xylazine (5 mg/kg). Peripheral blood (2.5 mL) was prepared from the heart immediately after animal sacrificing. Then, 0.5 mL of blood was mixed with Turk solution, and total WBC number was determined in a hemocytometer (Burker chamber). For differential WBC count, the smear of blood was prepared and stained with Wright-Giemsa. Differential cell analysis was carried as previously described [17].
2.6. Oxidant and Antioxidant Biomarker Measurement
The blood samples (2 mL) were centrifuged at 2000 revolution per minute (rpm) for 10 minutes. Concentrations of oxidants biomarkers including malondialdehyde (MDA) and nitrite (NO2), as well as status of antioxidants including total thiol content, superoxide dismutase (SOD), and catalase (CAT) activities in the serum, were evaluated as previously described.
2.7. Cytokine Measurement
Serum levels of cytokines IL-10, IFN-γ, IL-17, and TNF-α were measured using specific enzyme-linked immunosorbent assay (ELISA) kits (Hangzhou Eastbiopharm, Iran) according to the manufacturer’s protocol as previously reported.
2.8. Statistical Analysis
The normal distribution of the data was checked using the Kolmogorov-Smirnov test. Data were analyzed by one-way analysis of variance (ANOVA) followed by Tukey’s multiple comparison test, and results are presented as the . Values of  were considered statistically significant.
3. Results
3.1. Total and Differential WBC Counts
Total and differential WBC were increased in the blood of animals exposed to inhaled PQ compared to the control group ( for lymphocytes and  for other cases). Total WBC and neutrophil were reduced in all treated groups except for the group treated with low dose of the extract; eosinophil was reduced in groups treated with the two doses of pioglitazone, Pio-5+Z-200 mg/kg/day, and dexamethasone; lymphocyte was decreased in groups treated with high-dose pioglitazone, Pio-5+Z-200 mg/kg/day, and dexamethasone; and monocyte was reduced in groups treated with high-dose extract, Pio-5+Z-200 mg/kg/day, and dexamethasone ( to ) (Table 1).
Table 1: Total and differential WBC counts in the blood of control group (Ctrl), group exposed to paraquat aerosol at doses of 54 mg/m3 (PQ-54), groups exposed to PQ-54 mg/m3 and treated with 5 and 10 mg/kg/day pioglitazone, 200 and 800 mg/kg/day Zataria multiflora, 0.03 mg/kg/day dexamethasone, and  (Pio-5, Pio-1, Z-200, Z-800, Dexa 0.03, and , respectively).
	

	White blood cells (WBC)	Total WBC	Neutrophil	Lymphocyte	Monocyte	Eosinophil
	

	Ctrl					
	PQ-54					
	Z-200	¥	###	¥¥¥	##,¥	###,¥¥¥
	Z-800	++,$	++,###		++,#	++,$,###,¥¥
	Pio-5	++	++,###		##,¥	++,##,¥¥
	Pio-10	+++,$	+++,$$$	+,$	+,##	+++,$$$
	Pio--200	+	++,#	++	++,#	+++
	Dexa 0.03	+	+++		+++	+++
	


The results are expressed as the  ( in each group).  compared to the control group. +, ++, and +++ compared to the PQ group; # and ### compared to dexamethasone. $ and $$$ compared to low dose of Zataria multiflora and pioglitazone groups. ¥ compared to  group. Comparisons between different groups were made using one-way ANOVA followed by Tukey’s multiple comparison test.


The effect of dexamethasone treatment on neutrophil was significantly higher than that of both doses of the extract, low-dose pioglitazone, and Pio-5+Z-200 mg/kg/day. Dexamethasone effect on monocyte was higher than both doses of the extract and pioglitazone, and its effect on eosinophil count was higher than both doses of the extract and low-dose pioglitazone; however, dexamethasone effect on lymphocyte was lower than the Pio-5+Z-200 mg/kg/day group ( to ) (Table 1).
The effects of high-dose extract and pioglitazone treatment on total WBC and eosinophil and the effect of high-dose pioglitazone on neutrophil and lymphocyte were significantly higher than their low doses ( to ) (Table 1).
In addition, treatment with low-dose  had significantly higher effects on total WBC and lymphocyte counts compared to low-dose extract and on monocyte than low-dose extract and pioglitazone alone ( for lymphocyte and  for other cases) (Table 1).
3.2. Oxidant and Antioxidant Biomarkers
Significant increases in MDA and NO2 concentrations and significant decreases in total thiol content, and SOD and CAT activities were seen in the group exposed to inhaled PQ compared to the control group ( for all cases) (Figures 3 and 4).
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Figure 3: Serum levels of malondialdehyde (MDA) (a) and nitrite (NO2) (b) of control group (Ctrl), group exposed to paraquat aerosol at doses of 54 mg/m3 (PQ-54), and groups exposed to PQ-54 mg/m3 and treated with 5 and 10 mg/kg/day pioglitazone, 200 and 800 mg/kg/day Zataria multiflora, 0.03 mg/kg/day dexamethasone, and Zataria multiflora (Pio-5, Pio-10, Z-200, Z-800, Dexa 0.03, and , respectively). The results are expressed as the  ( in each group).  compared to the control group. +, ++, and +++ compared to the PQ group; #, ##, and ### compared to treatment with other treated groups; $ and $$ compared to low dose of Zataria multiflora and pioglitazone groups; ¥¥¥ compared to the  group. Comparisons between different groups were made using one-way ANOVA followed by Tukey’s multiple comparison test.
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Figure 4: Serum levels of catalase (CAT) (a), superoxide dismutase (SOD) (b) activities, and thiol concentration (c) of the control group (Ctrl), group exposed to paraquat aerosol at doses of 54 mg/m3 (PQ-54), and groups exposed to PQ-54 mg/m3 and treated with 5 and 10 mg/kg/day pioglitazone, 200 and 800 mg/kg/day Zataria multiflora, 0.03 mg/kg/day dexamethasone, and  (Pio-5, Pio-10, Z-200, Z-800, Dexa 0.03, and Pio--200, respectively). The results are expressed as the  ( in each group).  compared to the control group. , , and  compared to the PQ group. #, ##, and ### compared treatment with other dexamethasone-treated groups. $, $$, and $$$ compared to low dose of Zataria multiflora and pioglitazone groups. ¥, ¥¥, and ¥¥¥ compared to the  group. Comparisons between different groups were made using one-way ANOVA followed by Tukey’s multiple comparison test.


The levels of NO2 in all treated groups, MDA level in all groups except low-dose extract, SOD activity except low-dose pioglitazone, and CAT and thiol levels in all treated groups except groups treated with low-dose extract and pioglitazone were significantly improved compared to the PQ group ( to ) (Figures 3 and 4).
The effects of dexamethasone treatment on MDA and thiol levels were significantly higher than all other treated groups. Dexamethasone effect was significantly higher on CAT activity than all treated groups except for high-dose pioglitazone, on SOD activity than only treated groups with low-dose extract and pioglitazone and on NO2 level than only treated group with low-dose extract ( to ) (Figures 3 and 4).
The effects of high-dose extract and pioglitazone treatment on MDA and CAT levels, the effect of high-dose extract on NO2 level, and the effect of high-dose pioglitazone on SOD activity were significantly higher than their low doses ( to ) (Figures 3 and 4).
Treatment with Pio-5+Z-200 mg/kg/day had significantly higher effects on MDA, SOD, and CAT levels than low doses of the extract and pioglitazone and on NO2 level than low-dose extract alone ( for CAT and SOD and  for MDA and NO2) (Figures 3 and 4).
3.3. Serum Cytokine Level
Serum levels of IL-17 and TNF-α were significantly increased, but IL-10 and INF-γ were decreased in PQ-exposed animals compared to the control group ( for all cases). Serum levels of IL-10 in all treated groups and INF-γ, TNF-α, and IL-17 in all treated groups except groups treated with low-dose extract and pioglitazone were significantly improved compared to the PQ group ( to ) (Figures 5 and 6).
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Figure 5: Values of interferon gama (INF-γ) (a) and interleukin-10 (IL-10) (b) in the serum of control group (Ctrl), group exposed to paraquat aerosol at doses of 54 mg/m3 (PQ-54), and groups exposed to PQ-54 mg/m3 and treated with 5 and 10 mg/kg/day pioglitazone, 200 and 800 mg/kg/day Zataria multiflora, 0.03 mg/kg/day dexamethasone, and  (Pio-5, Pio-10, Z-200, Z-800, Dexa 0.03, and Pio--200, respectively). The results are expressed as the  ( in each group).  compared to the control group. +, ++, and +++ compared to the PQ group. ## and ### compared dexamethasone treatment with other treated groups. $ and $$ compared to low dose of Zataria multiflora and pioglitazone groups. ¥¥¥ comparison between  with low dose of Zataria multiflora and pioglitazone groups. ¥ and ¥¥¥ compared to  group. Comparisons between different groups were made using one-way ANOVA followed by Tukey’s multiple comparison test.
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Figure 6: Values of IL-17 (a), INF-α (b) in serum of control group (Ctrl), group exposed to paraquat aerosol at doses of 54 mg/m3 (PQ-54), groups exposed to PQ-54 mg/m3 and treated with 5 and 10 mg/kg/day pioglitazone, 200 and 800 mg/kg/day Zataria multiflora, 0.03 mg/kg/day dexamethasone, and  (Pio-5, Pio-10, Z-200, Z-800, Dexa 0.03, and , respectively). The results are expressed as the  ( in each group).  compared to the control group. ++ and +++ compared to the PQ group. #, ##, and ### compared dexamethasone treatment with other treated groups. $, $$, and $$$ compared to low dose of Zataria multiflora and pioglitazone groups. ¥ and ¥¥¥ compared to  group. Comparisons between different groups were made using one-way ANOVA followed by Tukey’s multiple comparison test.


The effects of dexamethasone treatment were significantly higher on the IL-10 level compared to low-dose extract, on IL-17 and TNF-α than low-dose extract and pioglitazone, and on INF-γ than both doses of the extract and low-dose pioglitazone-treated groups ( and ) (Figures 5 and 6). However, the effect of treatment with combination of Pio-5+Z-200 mg/kg/day was significantly higher on TNF-α than dexamethasone () (Figure 6).
The effects of high-dose extract and pioglitazone treatment on IL-10 and TNF-α and the effect of high-dose pioglitazone on IL-17 and INF-γ levels were significantly higher than their low dose ( to ) (Figures 5 and 6).
Treatment with Pio-5+Z-200 mg/kg/day was significantly higher effects on IL-10, IL-17, TNF-α, and INF-γ levels compared to low doses of the extract and pioglitazone alone ( to ) (Figures 5 and 6).
4. Discussion
Total and all differential WBC were significantly increased due to inhaled PQ in the current study which are supported by the previous animal and human studies [18–21].
Treatment with Z. multiflora extract and pioglitazone decreased total and differential WBC counts in rats exposed to inhaled PQ in a concentration-dependent manner which was higher in the treated group with Pio-5+Z-200 mg/kg/day than low-dose pioglitazone or extract alone which showed a synergistic effect for these two agents. This synergistic effect may indicate the effect of Z. multiflora extract on PPAR-γ receptors. The activated PPAR-γ receptors and inhibited COX-2, by carvacrol, the main constituent of Z. multiflora, support the potential effect of Z. multiflora on PPAR-γ receptors [22].
Reductions of total and differential WBC in both the blood and the BALF in animal models of asthma and COPD [23] and in subjects exposed to sulfur mustard [8] were shown by the extract of Z. multiflora as well as by pioglitazone treatment in patients with metabolic syndrome [24, 25] which support the results of the current study.
The serum levels of NO2 and MDA were significantly increased, but SOD, CAT, and thiol were decreased in t PQ-exposed rats. Previous studies also showed reduction of SOD and CAT activity in animal models of PQ poisoning [26, 27], the role of free radical generation in PQ-induced injuries [28], and decreased SOD and CAT activities in animal lung tissues due to PQ administration [29]. A positive correlation between enhanced levels of oxidants and inflammatory mediators with administered PQ doses [30], increased oxidant, and decreased antioxidant markers in the hippocampus due to PQ poisoning were shown [6, 31], which support the findings of the present study.
Treatment with Z. multiflora extract and pioglitazone improved oxidative stress markers in an animal exposed to PQ which was supported by the previous studies indicating the effects of Z. multiflora extract on oxidative stress markers [8, 23, 32, 33]. Treatment with pioglitazone also reduced oxidant markers and increased antioxidants in animal exposed to inhaled PQ. Previous studies showed reduction of inflammation and oxidative stress by pioglitazone and rosiglitazone [34–36] which was consistent with the results of the present study. However, treatment of PQ-exposed animals by the combination of low-dose  extract showed higher improvement effects on oxidant and antioxidant biomarkers compared to low-dose pioglitazone or Z. multiflora extract alone.
Increased serum levels of IL-17 and TNF-α and decreased levels of IL-10 and INF-γ were observed in PQ-exposed rats. Increased serum level of TNF-α in patients with acute PQ poisoning [37], increased IL-1 β and TNF-α nuclear factor kappa (NF-κB) activity nuclear factor kappa (NF-κB) activity, reduced IL-10 in the lung due to PQ administration in rats [35], increased inflammatory cytokines in PQ-poisoned individuals [37], decreased serum levels of anti-inflammatory cytokines [31], and enhanced gene expression for IL-4, TGF-β, IL-17, and TNF-α after PQ challenge were reported [38], supporting the results of this study.
Treatment of PQ-exposed animals with Z. multiflora extract and pioglitazone decreased serum levels of IL-17 and TNF-α but increased IL-10 and INF-γ. The immunomodulatory effects of Z. multiflora extract were comprehensively reviewed previously [31], and the effects of the plant on various cytokine levels in animal models of asthma and COPD [23], on gene expression of various cytokine in a mouse model of asthma [39], and on different cytokines in patients with lung disorders due to sulfur mustard exposure also [8] were shown supporting the results of the present study. Two doses of the extract were chosen according to our previous studies [12, 20, 21, 36] which showed its minimum and maximum effects. Pioglitazone treatment also affects intestinal TNF-α [40]; increased IL-4 but decreased IFN-γ, TNF-α, and IL-6 [41]; decreased lung adenoma [42]; decreased NO, TNF-α, IL-1β, IL-6, and IL-8; increased IL-4 and IL-10 levels in LPS-stimulated astrocytes [43]; and decreased degranulation and adhesion of neutrophils in LPS-induced lung injury [44]. The effects of Z. multiflora extract and pioglitazone on cytokine levels in PQ-exposed rats were supported by the above studies. The protective effect of carvacrol, one of the main constituents of this plant on lung inflammation induced by inhaled PQ, was also reported [45].
Higher effects of the combination of low-dose  on serum cytokine levels compared to the effects of each one alone indicated a synergistic effect of the two agents suggesting the PPAR-γ receptor-mediated effect of Z. multiflora extract, which is supported by the effect of carvacrol on PPAR-γ receptors [22]. However, further studies examining the effect of Z. multiflora extract and PPAR-γ receptors antagonist are needed to confirm this suggestion.
Dexamethasone, a known anti-inflammatory used in this study as positive control drug, showed a similar effect as Z. multiflora extract and pioglitazone on measured variables in PQ-exposed rats. These results support the anti-inflammatory effects of Z. multiflora extract and pioglitazone and their combination on systemic inflammation induced by inhaled PQ.
In a previous preliminary study, the effects of the Z. multiflora and its constituents carvacrol on only MDA, NO2, IL-6, and IFN-γ and the ratio of the two cytokine [13] and, in another study, the effects of low dose of pioglitazone, the extract and combination of low dose pioglitazone and Z multiflora, and low dose of pioglitazone on CAT, NO2, and MDA as well as the serum levels of IL-6 and INF-γ and the ratio of the two cytokine on PQ-induced systemic inflammation were examined [46]. However, in the present study, the effect of two doses of Z multiflora, two doses of pioglitazone, and the combination of low dose of the extract and pioglitazone on systemic inflammation and oxidative stress induced by inhaled PQ was examined more precisely and in more variables in different animals. In fact, in the published paper, a definite conclusion regarding the synergistic effect of the extract and pioglitazone and the interaction of the extract on PPAR-γ receptors could not be suggested while in the present study this goal was achieved.
A preventive effect for Z. multiflora extract and pioglitazone, a PPAR-γ agonist on systemic inflammation and oxidative stress induced by inhaled PQ in rats similar to the effects of dexamethasone, was indicated. The synergistic effects of low-dose  also suggested that Z. multiflora effects could be mediated by PPAR-γ receptors, but this suggestion requires further investigations using PPAR-γ antagonists.
Data Availability
The data (excel format) used to support the findings of this study are available from the corresponding author upon request.
Conflicts of Interest
The authors declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.
Authors’ Contributions
FA, AM, and FSH carried out the experimental work, performed statistical analysis, and prepared the figures and draft first version of the manuscript. AR and MHB designed and supervised the study, helped in statistical analysis, and corrected the manuscript. All authors read and approved the final manuscript.
Acknowledgments
The authors disclosed receipt of the following financial support for the research, authorship, and/or publication of this article: this work was supported by Mashhad University of Medical Sciences (grant number 931355).
References
	M. J. Khodayar, M. Kiani, A. A. Hemmati et al., “The preventive effect of atorvastatin on paraquat-induced pulmonary fibrosis in the rats,” Advanced Pharmaceutical Bulletin, vol. 4, no. 4, pp. 345–349, 2014.
	N. Castro-Gutiérrez, R. McConnell, K. Andersson, F. Pacheco-Antón, and C. Hogstedt, “Respiratory symptoms, spirometry and chronic occupational paraquat exposure,” Scandinavian Journal of Work, Environment & Health, vol. 23, no. 6, pp. 421–427, 1997.
	M. Eddleston, “Poisoning by pesticides,” Medicine, vol. 48, no. 3, pp. 214–217, 2020.
	N. Gupta, A. Chugh, B. S. Kanwar, and B. Lamba, “A case report of paraquat poisoning,” Journal, Indian Academy of Clinical Medicine, vol. 19, no. 3, pp. 210-211, 2018.
	M. R. B. Baharuddin, I. B. Sahid, M. A. B. M. Noor, N. Sulaiman, and F. Othman, “Pesticide risk assessment: a study on inhalation and dermal exposure to 2, 4-D and paraquat among Malaysian paddy farmers,” Journal of Environmental Science and Health, Part B, vol. 46, no. 7, pp. 600–607, 2011.
	Q. Chen, Y. Niu, R. Zhang et al., “The toxic influence of paraquat on hippocampus of mice: involvement of oxidative stress,” Neurotoxicology, vol. 31, no. 3, pp. 310–316, 2010.
	G. Zhao, S. Li, G. Hong et al., “The effect of resveratrol on paraquat-induced acute lung injury in mice and its mechanism,” Zhonghua wei zhong bing ji jiu yi xue, vol. 28, no. 1, pp. 33–37, 2016.
	M. R. Khazdair, O. Rajabi, M. Balali-Mood, F. Beheshti, and M. H. Boskabady, “The effect of Zataria multiflora on pulmonary function tests, hematological and oxidant/antioxidant parameters in sulfur mustard exposed veterans, a randomized doubled-blind clinical trial,” Environmental Toxicology and Pharmacology, vol. 58, pp. 180–188, 2018.
	L. Wang, B. Waltenberger, E.-M. Pferschy-Wenzig et al., “Natural product agonists of peroxisome proliferator-activated receptor gamma (PPARγ): a review,” Biochemical Pharmacology, vol. 92, no. 1, pp. 73–89, 2014.
	A. Oyekan, “PPARs and their effects on the cardiovascular system,” Clinical and Experimental Hypertension, vol. 33, no. 5, pp. 287–293, 2011.
	F. Chiarelli and D. Di Marzio, “Peroxisome proliferator-activated receptor-gamma agonists and diabetes: current evidence and future perspectives,” Vascular Health and Risk Management, vol. 4, no. 2, pp. 297–304, 2008.
	S. Tyagi, S. Sharma, P. Gupta, A. S. Saini, and C. Kaushal, “The peroxisome proliferator-activated receptor: a family of nuclear receptors role in various diseases,” Journal of Advanced Pharmaceutical Technology & Research, vol. 2, no. 4, pp. 236–240, 2011.
	F. Amin, A. Roohbakhsh, A. Memarzia, H. R. Kazerani, and M. H. Boskabady, “Paraquat-induced systemic inflammation and increased oxidative markers in rats improved by <i>Zataria multiflora</i> extract and carvacrol,” Avicenna Journal of Phytomedicine, vol. 10, no. 5, pp. 513–522, 2020.
	H. Burleigh-Flayer and Y. Alarie, “Concentration-dependent respiratory response of guinea pigs to paraquat aerosol,” Archives of Toxicology, vol. 59, no. 6, pp. 391–396, 1987.
	M. Heydari, A. Mokhtari-Zaer, F. Amin et al., “The effect ofZataria multiflorahydroalcoholic extract on memory and lung changes induced by rats that inhaled paraquat,” Nutritional Neuroscience, pp. 1–14, 2019.
	H. Malekinejad, M. Khoramjouy, R. Hobbenaghi, and A. Amniattalab, “Atorvastatin attenuates the paraquat-induced pulmonary inflammation via PPARγ receptors: a new indication for atorvastatin,” Pesticide Biochemistry and Physiology, vol. 114, pp. 79–89, 2014.
	S. Saadat, F. Beheshti, V. R. Askari, M. Hosseini, N. M. Roshan, and M. H. Boskabady, “Aminoguanidine affects systemic and lung inflammation induced by lipopolysaccharide in rats,” Respiratory Research, vol. 20, no. 1, pp. 1–13, 2019.
	M. Delirrad, M. Majidi, and B. Boushehri, “Clinical features and prognosis of paraquat poisoning: a review of 41 cases,” International Journal of Clinical and Experimental Medicine, vol. 8, no. 5, article 8122, 2015.
	R. Dinis-Oliveira, J. Duarte, A. Sanchez-Navarro, F. Remiao, M. Bastos, and F. Carvalho, “Paraquat poisonings: mechanisms of lung toxicity, clinical features, and treatment,” Critical Reviews in Toxicology, vol. 38, no. 1, pp. 13–71, 2008.
	Z. Oghabian, J. Williams, M. Mohajeri et al., “Clinical features, treatment, prognosis, and mortality in paraquat poisonings: a hospital-based study in Iran,” Journal of Research in Pharmacy Practice, vol. 8, no. 3, pp. 129–136, 2019.
	Y. Zhang, H. Sun, and L. Jiang, “Prognostic value of white blood cell count, C-reactive protein, and pentraxin-3 levels in patients with acute paraquat poisoning,” Journal of Clinical Laboratory Medicine, vol. 2, no. 2, 2017.
	M. Hotta, R. Nakata, M. Katsukawa, K. Hori, S. Takahashi, and H. Inoue, “Carvacrol, a component of thyme oil, activates PPARα and γ and suppresses COX-2 expression,” Journal of Lipid Research, vol. 51, no. 1, pp. 132–139, 2010.
	M. H. Boskabady and L. G. Mahtaj, “Lung inflammation changes and oxidative stress induced by cigarette smoke exposure in guinea pigs affected by Zataria multiflora and its constituent, carvacrol,” BMC Complementary and Alternative Medicine, vol. 15, no. 1, pp. 1–10, 2015.
	P. O. Szapary, L. T. Bloedon, F. F. Samaha et al., “Effects of pioglitazone on lipoproteins, inflammatory markers, and adipokines in nondiabetic patients with metabolic syndrome,” Arteriosclerosis, Thrombosis, and Vascular Biology, vol. 26, no. 1, pp. 182–188, 2006.
	R. Agarwal, “Anti-inflammatory effects of short-term pioglitazone therapy in men with advanced diabetic nephropathy,” American Journal of Physiology. Renal Physiology, vol. 290, no. 3, pp. F600–F605, 2006.
	P. L. Keeling and L. L. Smith, “Relevance of NADPH depletion and mixed disulphide formation in rat lung to the mechanism of cell damage following paraquat administration,” Biochemical Pharmacology, vol. 31, no. 20, pp. 3243–3249, 1982.
	F. Pourgholamhossein, F. Sharififar, R. Rasooli et al., “Thymoquinone effectively alleviates lung fibrosis induced by paraquat herbicide through down-regulation of pro-fibrotic genes and inhibition of oxidative stress,” Environmental Toxicology and Pharmacology, vol. 45, pp. 340–345, 2016.
	K. Facecchia, L.-A. Fochesato, S. D. Ray, S. J. Stohs, and S. Pandey, “Oxidative toxicity in neurodegenerative diseases: role of mitochondrial dysfunction and therapeutic strategies,” Journal of Toxicology, vol. 2011, Article ID 683728, 12 pages, 2011.
	P. Cheresh, S.-J. Kim, S. Tulasiram, and D. W. Kamp, “Oxidative stress and pulmonary fibrosis,” Biochimica et Biophysica Acta (BBA) - Molecular Basis of Disease, vol. 1832, no. 7, pp. 1028–1040, 2013.
	Z. E. Suntres, “Exploring the potential benefit of natural product extracts in paraquat toxicity,” Fitoterapia, vol. 131, pp. 160–167, 2018.
	Y.-H. Sun, Y. Li, Y.-J. Niu, Q. Chen, and R. Zhang, “Effects of paraquat on the learning and memory ability in developing mice,” Zhonghua lao dong wei sheng zhi ye bing za zhi, vol. 29, no. 6, pp. 437–439, 2011.
	A. Ahmadipour, F. Sharififar, F. Nakhaipour, M. Samanian, and S. Karami-Mohajeri, “Hepatoprotective effect of Zataria multiflora Boisson cisplatin-induced oxidative stress in male rat,” Journal of Medicine and Life, vol. 8, no. 4, p. 275, 2015.
	M. R. Khazdair, V. Ghorani, A. Alavinezhad, and M. H. Boskabady, “Pharmacological effects of Zataria multiflora Boiss L. and its constituents focus on their anti-inflammatory, antioxidant, and immunomodulatory effects,” Fundamental & Clinical Pharmacology, vol. 32, no. 1, pp. 26–50, 2018.
	A. A. El-Sheikh and R. A. Rifaai, “Peroxisome proliferator activator receptor (PPAR)-γ ligand, but not PPAR-α, ameliorates cyclophosphamide-induced oxidative stress and inflammation in rat liver,” PPAR Research, vol. 2014, Article ID 626319, 10 pages, 2014.
	J. Han, D. Ma, M. Zhang, X. Yang, and D. Tan, “Natural antioxidant betanin protects rats from paraquat-induced acute lung injury interstitial pneumonia,” BioMed Research International, vol. 2015, Article ID 608174, 9 pages, 2015.
	C. Zou, H. Hu, X. Xi, Z. Shi, G. Wang, and X. Huang, “Pioglitazone protects against renal ischemia-reperfusion injury by enhancing antioxidant capacity,” Journal of Surgical Research, vol. 184, no. 2, pp. 1092–1095, 2013.
	Z. Meng, Y. Dong, H. Gao et al., “The effects of ω-3 fish oil emulsion-based parenteral nutrition plus combination treatment for acute paraquat poisoning,” Journal of International Medical Research, vol. 47, no. 2, pp. 600–614, 2019.
	P. F. Piguet, M. A. Collart, G. E. Grau, A.-P. Sappino, and P. Vassalli, “Requirement of tumour necrosis factor for development of silica-induced pulmonary fibrosis,” Nature, vol. 344, no. 6263, pp. 245–247, 1990.
	M. Kianmehr, A. Rezaei, M. Hosseini et al., “Immunomodulatory effect of characterized extract of Zataria multiflora on Th1, Th2 and Th17 in normal and Th2 polarization state,” Food and Chemical Toxicology, vol. 99, pp. 119–127, 2017.
	Y. Naito, T. Takagi, K. Matsuyama, N. Yoshida, and T. Yoshikawa, “Pioglitazone, a specific PPAR-γ ligand, inhibits aspirin-induced gastric mucosal injury in rats,” Alimentary Pharmacology & Therapeutics, vol. 15, no. 6, pp. 865–873, 2001.
	T. Shigenobu, T. Ohtsuka, and M. Shimoda, “The prevention of tracheal graft occlusion using pioglitazone: a mouse tracheal transplant model study,” Transplant Immunology, vol. 53, pp. 21–27, 2019.
	D. E. Seabloom, A. R. Galbraith, A. M. Haynes et al., “Fixed-dose combinations of pioglitazone and metformin for lung cancer prevention,” Cancer Prevention Research, vol. 10, no. 2, pp. 116–123, 2017.
	D. Qiu and X.-N. Li, “Pioglitazone inhibits the secretion of proinflammatory cytokines and chemokines in astrocytes stimulated with lipopolysaccharide,” International Journal of Clinical Pharmacology and Therapeutics, vol. 53, no. 9, pp. 746–752, 2015.
	J. Grommes, M. Mörgelin, and O. Soehnlein, “Pioglitazone attenuates endotoxin-induced acute lung injury by reducing neutrophil recruitment,” European Respiratory Journal, vol. 40, no. 2, pp. 416–423, 2012.
	F. Amin, A. Memarzia, H. K. Rad, H. R. Kazerani, and M. H. Boskabady, “Carvacrol and PPARγ agonist, pioglitazone, affects inhaled paraquat-induced lung injury in rats,” Scientific Reports, vol. 11, no. 1, p. 8129, 2021.
	F. Amin, A. Memarzia, H. R. Kazerani, and M. H. Boskabady, “Carvacrol and <i>Zataria multiflora</i> influenced the PPARγ agonist effects on systemic inflammation and oxidative stress induced by inhaled paraquat in rat,” Iranian Journal of Basic Medical Sciences, vol. 23, no. 7, pp. 930–936, 2020.


EPUB/Navigation/nav.xhtml


		

			

		  1. Introduction

		  2. Materials and Methods

		  3. Results

		  4. Discussion

		  References 





EPUB/Content/page-template.xpgt
 

   


     
	 
    

     
	 
    


     
	 
    


     
         
             
             
             
        
    

  




