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Abstract
AIM
To evaluate the effects of aqueous extract of Salep on Paraquat-mediated liver injury.
METHODS
In this experimental study, 56 adult male Wistar rats were divided randomly to 7 groups as control, sham, and 5 experimental groups. In control group, rats did not receive any substance during experiment. In Sham group, rats were given distilled water according to their body weight and in experimental groups, Paraquat alone and with different doses of Salep aqueous extract (40, 80, 160 and 320 mg/kg) was given intraperitoneal daily for 14 d. After that, liver biochemical parameter and histologic changes were analyzed and compared in different groups. 
RESULTS
Paraquat compared to control and sham groups, significantly (P < 0.05) increased serum level of alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), bilirubin, malondialdehyde (MDA) and total oxidant capacity (TOC); while level of total protein, albumin and total antioxidant capacity (TAC) were remarkably decreased by Paraquat. Salep at doses of 80, 160 and 320 mg/kg significantly decreased serum level of ALT, AST, ALP, bilirubin, MDA and TOC and significantly increased total protein, albumin and TAC level as compared to Paraquat exposed group in dose dependent manner. Aqueous extract of Salep at doses of 40 mg/kg made no significant changes in serum level of mentioned biochemical parameters. Liver microscopic observation revealed that Paraquat could cause hepatocyte necrosis, degenerative changes, proliferation and activation of Kupffer cells (sporadically) which were reduced by Salep treatment. 
CONCLUSION
Salep possesses remarkable hepatoprotection activity against Paraquat-induced hepatic injury by having antioxidant activity and reducing lipid peroxidation and oxidative stress.
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Core tip: Oxidative stress has a key role in triggering Paraquat-mediated liver injury. Paraquat causes oxidative stress via modulation of redox cycling, generation of free radicals and reduction of endogenous antioxidant levels. Salep from orchid family (Orchidaceae) used in traditional medicine as a healing agent in the treatment of breast disorders, gastrointestinal disorders, tuberculosis, diarrhea, Parkinson, cancer, fever, and impotency. Salep is used in food engineering for preparation of ice cream and drinks. This study showed that Salep could have a protective effect against Paraquat-induced hepatic injury via reinforcing endogenous antioxidant systems, reduction of lipid peroxidation and free radical scavenging. The antioxidant and protective effect of Salep could be due to presence of flavonoids and polyphenols such as Quercetin, Ferulic Acid and Glucomannan.

INTRODUCTION
With the increasing population of human societies, providing nourishment without the use of advanced scientific farming is impossible. In this modern agriculture, using pesticides, herbicides and chemical fertilizers for more and higher quality crop is inevitable and may be toxic to man and animals. Paraquat (1, 1’dimethyl-4, 4’-bipyridylium-dichloride) is a widely used herbicide for broadleaf weed control[1] and is extremely poisonous for humans and animals and many cases of acute poisoning and death have been reported over the past few decades[2].
Paraquat is a bipyridyl compound with high toxicity for lungs, kidney, brain and liver[3]. When it is given in acute dose (50 mg/kg) in mice, liver necrosis and inflammation will develop[4]. Paraquat toxicity is due to oxidative damage to cells and generation of free radicals[5]. Herbicidal activity of paraquat can be explained by its interfering with photosynthesis and intracellular electron transfer system in plants and prevention of NADP reduction to NADPH. This could disrupt important NADPH-dependent biochemical processes[6,7]. In addition, Paraquat radical forms superoxide anion in presence of oxygen which leads to production of more toxic reactive oxygen species like hydrogen peroxides and hydroxyl radical and would cause oxidative stress[1,8]. Superoxide anion may also attack unsaturated lipids of membrane to form fatty acid hydroperoxide, resulting in lipid peroxidation, membrane injury, cell death and multi-system toxicity[9]. 
Due to the role of oxidative stress mechanisms in Paraquat toxicity and the lack of an effective antidote, researchers are currently focused on the importance of antioxidant in Paraquat poisoning management[10]. Many herbal compounds have antioxidant properties and can protect the liver from damaging agents like Paraquat. One of these plants is Salep from orchid family (Orchidaceae) which has different species worldwide[11]. Salep contains Quercetin, Nitrogenic materials, Ferulic acid, starch, protein, Glucomannan, Glucose, Daucosterol, Cirsilineol and steroids[11-13]. This plant is used in traditional medicine as a healing agent in the treatment of breast disorders, gastrointestinal disorders, tuberculosis, diarrhea, Parkinson, cancer, fever, and impotency. Salep is used in food engineering for preparation of ice cream and drinks[13-15]. 
Polyphenols, especially flavonoids such as quercetin, are important antioxidants found in Salep[12]. These compounds have hepatoprotective effects against liver damage caused by toxins and free radicals[16] and can also protect cells against depletion of glutathione by increasing the capacity of antioxidant enzymes such as glutathione reductase, glutathione peroxide and catalase[17]. Furthermore, glucomannan can inhibit oxidative stress and effectively reduce alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels[18]. Therefore, the aim of this survey was to evaluate the effects of aqueous extract of Salep on Paraquat - induced hepatotoxicity.

MATERIALS AND METHODS
Chemicals
Paraquate was purchased from Ara Shimi-Iran Company. Paraquat was dissolved in distilled water and animals were given intraperitoneal injection in each case. Malondialdehyde (MDA), total antioxidant capacity (TAC) and total oxidant capacity (TOC) measurement kits were purchased from Diametra Company (Italy), ALT, AST, alkaline phosphatase (ALP), albumin and bilirubin and total protein (TP) measurement kits were purchased from Pars Azmoon Company (Iran). 

Collection and extraction of Salep
Salep plants were obtained from farmlands around Yasouj (a city in the southwest of Iran). Salep roots were washed and dried in laboratory and mixed with Ethanol 96° in 1 to 5 proportions, mixed for 24 h at room temperature and a homogeneous mixture was obtained. Then, the uniform solution was filtered and dried for 48 h to obtain solid extract without ethanol. The final dried extract was dissolved with distilled water[12].

Experimental animals
Fifty-six adult male Wistar rats (180-200 g) were obtained from the Animal House of Jahrom University of Medical Sciences. The animal house temperature was maintained at 22 ℃ ± 2 ℃ with a 12 h light/dark cycle. All animals were kept for two weeks prior to experiment and had free access to food and water. All ethical points regarding working with laboratory animals were considered in this research (Ethical Code: IR.JUMS.1394.722). 

Experimental design
The rats were divided randomly to 7 groups, 8 rats each, as followed: Control group: Rats did not receive any substance during experiment; Sham group: Rats were given distilled water according to their body weight during the experiment; Experimental group 1: Rats were given Paraquat 2 mg/kg per BW; Experimental groups 2, 3, 4 and 5: Rats were given Paraquat at a dose of 2 mg/kg per BW daily and Salep at doses of 40, 80, 160 and 320 mg/kg per BW, respectively. Salep doses were selected based on previous studies done on this herbal treatment[12]; Paraquat and Salep aqueous extract were administered intraperitoneally daily for 14 d in all 5 groups.

Blood sampling and liver function evaluation
At the end of the study (day 15) after weighing the animals, blood sample were taken directly from their hearts using 5 cc syringes (rats were anesthetized by barbiturate) and blood serum was collected after centrifugation (15 min, 3000 rpm) and stored at -20 ℃ until they were tested. Biochemical measurement kits (made in Iran and Italy) using the colorimetric method and an autoanalyzer machine (Selectera XL model made in Holland) were used for assessment of biochemical factors including ALT, AST, ALP, TP, albumin, bilirubin, MDA, TOC and TAC.

Histological examination
After drawing the blood, for histological examination a small part of liver was separated, fixed by 10% formalin and embedded in paraffin wax. Paraffin sections with thickness of 5 m were prepared, stained employing the haematoxylin and eosin and Masson Trichrome stain methods and histological and pathological changes were studied using a light microscope. Furthermore, The Degree of inflammation in the portal zone, liver necrosis and inflammatory cell infiltration were evaluated in the form of semiquantitative scale, double-blind, according to the method described by Frei et al[19] in 1984. Severity of damage were ranked from zero to four (zero: No damage, 1: Minimum damage, 2: Mild damage, 3: Average damage, 4: Severe damage). Scoring was performed in five microscopic fields of each cut, randomly, with magnification of × 100.

Statistical analysis
All values were given as mean ± SEM. Statistical analysis was carried out using SPSS 21, One-way analysis of variance followed by Duncan post hoc test. Statistical P-value less than 0.05 was considered significant.

RESULTS
Biochemical measurement
Paraquat compared to control and sham groups significantly (P < 0.05) increased serum level of liver factors including ALT, AST and ALP, Bilirubin, MDA and TOC; while serum level of Total Protein, Albumin and TAC were considerably lower in group receiving Paraquat (Tables 1 and 2).
Paraquat treatment groups with aqueous extract of Salep at doses of 80, 160 and 320 mg/kg significantly decreased serum level of ALT, AST, ALP, Bilirubin, MDA and TOC and significantly increased elevated Total Protein, Albumin and TAC serum level as compared to Paraquat treatment group alone (Tables 1 and 2). Aqueous extract of Salep at doses of 40 mg/kg made no significant changes in serum level of mentioned biochemical parameters while the greatest effect is related to the dose of 320 mg/kg of Salep.

Histopathological examination
Microscopic examination of liver tissue of control and sham groups showed that liver tissue structure was normal and healthy (normal structure of lobules with normal central venous, sinusoids and Kupffer cells and normal distribution of glycogen and lack of lymphocytic infiltration and congestion in the blood vessels) (Figure 1A-D).
In study group 3 (rats were given Paraquat alone), microscopic observation revealed hepatocyte necrosis, degenerative changes, proliferation and activation of Kupffer cells (sporadically), increased infiltration of inflammatory cells around the portal vein and in sinusoid space, formation of fibrotic inflamed bridges between liver lobules, and sever cellular ballooning and blood congestion in the sinusoids. In this group, progressive liver fibrosis had occurred as evidenced by presence of collagen fibers in the liver parenchyma, the portal space and around the central vein in the centrilobular region (Figure 1E-J).
Treatment with aqueous extract of Salep reduced the damaging effect of Paraquat on liver tissue. This reduction in destructive effect of Paraquat on liver tissue was mild with Salep at doses of 80 mg/kg, moderate at doses of 160 mg/kg and highest at doses of 320 mg/kg as compared to study group that received Paraquat alone (Figure 1K-R). A microscopic observation of liver tissue of rats under study have been brought to a quantitatively in Table 3.

DISCUSSION
Oxidative stress has a key role in triggering Paraquat- mediated liver injury[20]. Paraquat causes oxidative stress via modulation of redox cycling, generation of free radicals and reduction of endogenous antioxidant levels[21-23]. Furthermore, generation of nitric oxide and reactive oxygen species like superoxide also play a crucial role in Paraquate - induced hepatotoxicity[24]. Salep could have protective effect against chemical induced liver injury via reinforcing endogenous antioxidant systems and free radical scavenging[12,16]. As liver is one of the major sites of Paraquat toxicity, this study was done in order to evaluate protective potential of Salep against Paraquat- induced liver injury.
Remarkable increase of ALT, AST, ALP and bilirubin and significant decrease of total protein and Albumin levels were observed in Paraquat - exposed group in comparison with control group, which confirmed the hepatotoxic potential of Paraquat. These results were in concurrence with previous studies on evaluation of Paraquat induced liver toxicity, which showed increase in serum level of liver enzymes[21,25]. Significant reduction of increased level of ALT, AST, ALP and bilirubin and marked increased in level of Albumin and Total Protein in Paraquat + Salep treated groups showed that Salep could have protective effect against Paraquat-mediated hepatic injury in dose dependent manner. These results are supported by a previous report which also revealed the protective effect of Salep on liver function[12]. 
Liver pathological examination showed hepatocyte necrosis, proliferation and activation of Kupffer cells, increased infiltration of inflammatory cells around the portal vein and in sinusoid space, formation of fibrotic inflamed bridges between liver lobules, and sever cellular ballooning and blood congestion in the sinusoids in Paraquat - exposed group, which was in accordance with previous reports[3,20]. Remarkable recovery toward normal liver histology in Paraquat + Salep treated groups also favored the protective activity of Salep against Paraquat-induced liver injury. 
As oxidative stress has a crucial role in Paraquat- induced liver injury, in this study we evaluated serum level of TOC, which precisely shows the oxidant status of blood, and TAC, as indicator of blood, cells and tissues defense system against free radicals, measures the antioxidant capacity of all antioxidants in a biological sample and not just the antioxidant capacity of a single compound. Measurement of TAC can provide information on overall antioxidant status, which may include those antioxidants not yet recognized or not easily measured[20,26]. Significant augmentation of TOC and reduction of TAC were observed in Paraquat-exposed groups, which confirmed the role of free radical generation and attenuation of antioxidant level in Paraquat-medicated hepatic injury. Significant reduction of TOC and marked increased of TAC in Paraquate + Salep treated groups demonstrated that Salep could have protective effects against Paraquat toxicity by possessing antioxidant activity. These results were supported by a previous study done by Pourahmad et al[12]. The antioxidant effect of Salep could be due to the presence of flavonoids and polyphenols such as Quercetin, Ferulic Acid and Glucomannan[11,16,18]. The two latter components of Salep could also reduce serum level of liver enzymes such as ALT and AST[27,28]. Zhang et al[16] showed that Quercetin could have hepatoprotective and antioxidant activity by decreasing lipoxygenase, free radical scavenging, enhancing the expression of antioxidant transcription factor and antioxidant enzyme such as Thioredoxin and Peroxiredoxin.
Furthermore, part of Paraquat hepatotoxicity is related to lipid peroxidation due to free radical generation including Oxygen Reactive Species[24]. MDA works as an indicator of lipid peroxidation and oxidative stress assessment[29]. MDA level was significantly augmented in Paraquat - exposed group which was in accordance with previous studies[6]. Serum level of MDA was substantially decreased in Paraquat + Salep treated groups as compared with Paraquat - exposed group in dose dependent manner. This result also supported the protective activity of Salep against oxidative stress and lipid peroxidation caused by Paraquat.
In conclusion, based on our results, it could be concluded that Salep possesses remarkable hepatoprotection activity against Paraquat-induced liver injury and could reduce the damaging effect of Paraquat on liver by having antioxidant activity and reducing lipid peroxidation and oxidative stress. Further studies are required to evaluate protective and antioxidant effect of Salep in human. 
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COMMENTS
Background
Paraquat is a common herbicide used in agriculture and could cause severe damage to the lungs, liver and other tissues in mammals. Oxidative stress has a key role in triggering Paraquat-mediated hepatotoxicity. Salep could have protective effect against chemical induced hepatotoxicity via reinforcing endogenous antioxidant systems and free radical scavenging. 
Research frontiers
In the present study, the authors found that Salep possesses remarkable hepatoprotection activity against Paraquat-induced liver injury and could reduce damaging effect of Paraquat on liver by having antioxidant activity and reducing lipid peroxidation and oxidative stress.
Innovations and breakthroughs
This is the first study evaluating the effect of Salep on Paraquat-induced liver injury. This study investigates the protective and antioxidant effect of salep on liver damage caused by Paraquat. The results of current study demonstrated that Salep could ameloriate paraquate-mediated liver injury by having antioxidant activity and reducing lipid peroxidation and oxidative stress.
Applications
Salep aqueous extract could reduce damaging effect of Paraquat on liver tissue by having significant antioxidant activity. Therefore, the results of this study showed that Salep can be introduced as an alternative to chemical agents as potential therapeutic strategies for Paraquate-induced liver injury.
Terminology
Oxidative stress is essentially an disturbance in balance between the production of free radicals and the ability of the body to counteract or detoxify their harmful effects through neutralization by antioxidant which could cause tissue damange including liver. Lipid peroxidation is a crucial step in the pathogenesis of several disease states in adult and infant patients. Lipid peroxidation is a process mainly caused by the effect of reactive oxygen species including hydroxyl radical and hydrogen peroxide. These reactive oxygen species readily attack the polyunsaturated fatty acids of the cell membrane, initiating a self-propagating chain reaction. The destruction of membrane lipids and the end-products of such lipid peroxidation reactions are dangerous for the viability of cells, even tissues.
Peer-review
The paper by Atashpour et al has an interesting rationale and a good background. The results presented are consistent with the effects of the different components of the Salep.
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Figure 1  Microscopic views of the liver tissue in study Groups. Five micron paraffin sections were prepared, stained employing the haematoxylin and eosin stain and histological and pathological changes were studied using a light microscope. A: Control: With a natural structure (Hematoxylin-eosin, 40 × magnification); B: Control: With a natural structure and leukocyte infiltration and congestion cannot be seen (Masson trichrome, 40 × magnification); C: Sham: With a natural structure and Central venous congestion cannot be seen (Hematoxylin-eosin, 40 × magnification); D: Sham: With a natural structure and Collagen fibers cannot be seen. (Masson trichrome, 40 × magnification); E: Paraquat 2 mg/kg: Formation of fibrotic inflamed bridges between liver lobules (thin arrow), the loss of cellular order toward the center (wide arrow), accumulation of collagen fibers and inflammatory cells around the centrilobular vein (arrowhead) (Masson trichrome, 40 × magnification); F: Paraquat 2 mg/kg: Enlarged and congested centrilobular vein (wide arrow), congestion in the sinusoids (thin arrow) (Masson trichrome, 40 × magnification); G: Paraquat 2 mg/kg: Accumulation and progressive of collagen fibers in the liver parenchyma (Masson trichrome, 400 × magnification); H: Paraquat 2 mg/kg: Sever congestion in the sinusoids (Masson trichrome, 400 × magnification); I: Paraquat 2 mg/kg: Sever cellular ballooning (arrowhead), degenerative changes (thin arrow), proliferation and activation of Kupffer cells (wide arrow), (Hematoxylin-eosin, 400 × magnification); J: Paraquat 2 mg/kg: Activation of Kupffer cells (thin arrow), sever congestion in the sinusoids (arrowhead), degenerative changes (asterisk), enlargement of sinusoids spece(wide arrow), (Hematoxylin-eosin, 400X magnification); K: Paraquat + Salep at 40 mg/kg: Infiltration of inflammatory cells around the centrilobular vein (wide arrow), Infiltration of inflammatory cells around the portal space (arrowhead), degenerative changes (thin arrow), (Hematoxylin-eosin, 40 × magnification); L: Paraquat + Salep at 40 mg/kg: Enlargement and congested centrilobular vein (asterisk), accumulation of collagen fibers around the portal space (wide arrow) (Masson trichrome, 40X magnification); M: Paraquat + Salep at 80 mg/kg: Degenerative changes (thin arrow), congested centrilobular vein (asterisk) (Hematoxylin-eosin, 40 × magnification); N: Paraquat + Salep at 80 mg/kg: Decreased infiltration of inflammatory cells around the portal, decreased congestion in the sinusoids and more regular cellular order toward the center (Masson trichrome, 40 × magnification); O: Paraquat + Salep at 160 mg/kg: Infiltration of inflammatory cells around the portal space (wide arrow), congested centrilobular vein (asterisk), (Hematoxylin-eosin, 40 × magnification); P: Paraquat + Salep at 160 mg/kg: More regular cellular order toward the center, more decreased congestion of sinusoids and more decreased infiltration of inflammatory cells in the liver parenchyma (Masson trichrome, 40 × magnification); Q: Paraquat + Salep at 320 mg/kg: Its tissues seem relatively healthy, without any certain pathological changes (Hematoxylin-eosin, 40 × magnification); R: Paraquat + Salep at 320 mg/kg: Its tissues seem relatively healthy, without any certain pathological changes (Masson trichrome, 40 × magnification).
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Table 1  The serum levels of liver enzymes (alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase), bilirubin, malondialdehyde and total oxidant capacity in different study groups
Group/parameter

AST (IU/L)

ALT (IU/L)

ALP (IU/L)

Bilirubin (mg/dL)

MDA (nmol/L)

TOC (IU/mL)

Control

183.4 ± 2.19

 95.4 ± 2.52

138.4 ± 4.55

0.8 ± 0.02

 0.13 ± 0.005

0.18 ± 0.01 

Sham

185.5 ± 2.19

 94.7 ± 3.00 

138.9 ± 5.01

0.8 ± 0.02

 0.13 ± 0.007

0.18 ± 0.01 

Paraquat at 2 mg/kg

   563.2 ± 11.43a

265.5 ± 7.48a

 736.1 ± 4.21a

 2.4 ± 0.05a

3.36 ± 0.06a

 2.02 ± 0.05a

Paraquat + Salep at 40 mg/kg

   536.4 ± 14.44b

252.5 ± 6.25b

 730.0 ± 9.30b

 2.3 ± 0.04b

3.27 ± 0.03b

 1.98 ± 0.05b

Paraquat + Salep at 80 mg/kg

   517.2 ± 7.30b,c

  234.7 ± 7.14b,c

   709.0 ± 9.14b,c

   2.0 ± 0.04b,c

  2.92 ± 0.13b,c

   1.77 ± 0.05b,c

Paraquat + Salep at 160 mg/kg

     460.5 ± 12.01b,c

  209.4 ± 4.55b,c

   626.4 ± 6.74b,c 

   1.7 ± 0.03b,c

  2.48 ± 0.05b,c

   1.55 ± 0.04b,c

Paraquat + Salep at 320 mg/kg

     376.5 ± 12.07b,c

  166.0 ± 3.75b,c

   428.1 ± 7.25b,c 

   1.1 ± 0.03b,c

  1.22 ± 0.04b,c

   1.20 ± 0.03b,c

aSignificant difference between Sham and Paraquate- exposed Group; bSignificant difference between Sham and Paraquate + Salep treated Group; cSignificant difference between Paraquate-exposed and Paraquate + Salep Treated Group (Based on Duncan’s test). The means are presented in the form of Mean ± SEM. P < 0.05 is considered statistically significant. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; MDA: Malondialdehyde; TOC: Total oxidant capacity.



Table 2  The serum levels of albumin, total protein and total antioxidant capacity in different study groups
Group/parameter

Total protein (g/dL)

Albumin (g/dL)

TAC (IU/mL)

Control

8.0 ± 0.19 

5.0 ± 0.13 

1.11 ± 0.02 

Sham

7.9 ± 0.26 

5.1 ± 0.18 

  1.6 ± 0.04 

Paraquat at 2 mg/kg

 4.2 ± 0.09a

  2.5 ± 0.06a

 0.40 ± 0.02a

Paraquat + Salep at 40 mg/kg

 4.1 ± 0.05b

2.6 ± 0.5b

 0.43 ± 0.02b

Paraquat + Salep at 80 mg/kg

   5.0 ± 0.10b,c

    3.1 ± 0.04b,c

   0.66 ± 0.03b,c

Paraquat + Salep at 160 mg/kg

   5.7 ± 0.09b,c

    3.6 ± 0.07b,c

   0.82 ± 0.05b,c

Paraquat + Salep at 320 mg/kg

   6.6 ± 0.11b,c

    5.0 ± 0.07b,c

   1.10 ± 0.03b,c

aSignificant difference between Sham and Paraquate-exposed Group; bSignificant difference between Sham and Paraquate + Salep treated Group; cSignificant difference between Paraquate- exposed and Paraquate + Salep treated Group ( Based on Duncan’s test). The means are presented in the form of Mean ± SEM. P < 0.05 is considered statistically significant. TAC: Total antioxidant capacity.

Table 3  The effect of aqueous extract of Salep roots on Paraquate - induced rat liver injury
Group/damage score

Control

Sham

Paraquat 2 mg/kg

Paraquat+ Salep at 40 mg/kg

Paraquat+ Salep at 80 mg/kg

Paraquat+ Salep at 160 mg/kg

Paraquat+ Salep at 320 mg/kg

Portal congestion and inflammation 
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Zero: No damage; 1: Minimum damage; 2: Mild damage; 3: Average damage; 4: Severe damage. Scoring was performed in five microscopic fields of each cut, randomly, with magnification of × 100.
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