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Abstract

This study investigated the effects of thioacetimide (TAA) on liver damage by using the extract of the Juncus inflexus
subsp. inflexus (JI) plant. Six experimental groups were formed using 42 8-12-weeks Sprague dawley male rats, with seven
experimental animals per group. Two doses of normal saline (SF) (i.p) were administered within 120 minutes to each
control group. 250 mg/kg single dose of TAA (i.p) was administered 120 minutes after administration of SF in the TAA
group. 50 mg/kg single dose of JI extract (i.g) was administered 120 minutes after SF administration to the JI group.
TAA+JI group was given 50 mg/kg JI extract 120 minutes after 250 mg/kg TAA was administered. 250 mg/kg of TAA was
administered 120 minutes after 50 mg/kg of JI extract was applied to the JI+TAA group. TAA+JI+ group was administered
50 mg/kg JI extract 120 minutes after 250 mg/kg TAA was administered and 2 more 50 mg/kg JI extract were
administered after 48 hours. At the end of the trial, blood samples were analyzed for aspartate transaminase (AST),
alanine transaminase (ALT) and alkaline phosphatase (ALP) with autoanalyser. Liver tissue sections were examined by
staining with hematoxylin eosin (H-E), periodic acid schiff (PAS) and caspase-3. On the other hand, the tissue
homogenates were analyzed by Enzyme Linked Immunosorbent Assay (ELISA), in terms of malondialdehyde (MDA) and
glutathione (GSH).

In H-E and PAS studies, while a marked damage was detected in TAA group compared to other groups, based on
biochemical analysis, only a significant change in parameter AST was determined. Compared to other groups, it was
observed that the MDA rose significantly in the TAA group and that the GSH fell and that the expression of the kaspaz-3
was significantly increased.. On the other hand, it was found that lipid peroxidation decreased significantly in the TAA+JI
group compared to JI+TAA group.

In conclusion, this study has revealed that the extraction obtained from the Juncus inflexus plant has protective and
therapeutic properties for the liver.

Introduction

The liver, having critical functions, including elimination of harmful toxic substances, blood making, glucose storage as
glycogen, biliary production, defense of the organism, protein and lipid metabolism, and processing of nutrients, is
constantly exposed to drugs, environmental pollution, and toxic agents. The liver tries to minimize these effects with its
detoxification mechanism, while also repairing the damages it is exposed to (Wang et al., 2005). When the liver becomes
inadequate in defense and regeneration, the oxidative stress increases and its natural structure changes (Naziroglu et al.,
1999; Wang et al., 2005) This acute liver damage is a disease accompanied by extensive deterioration of the liver's
synthetic, metabolic and detoxiferative functions (Shoeib AM et al., 2015).

Increased reactive oxygen radicals in liver failure caused by drug hepatotoxicity or viral hepatitis are attributed to severe
reductions in glutathione level. An increase in proinflammatory cytokines has been observed to result in the activation of
nitric oxide and nuclear factor kappa B (NF-KB) (Demure, 2008).

Thioacetamide (TAA) is a hepatotoxic agent, containing carcinogenic and necrogenic compounds (thionosulfur), used for a
period in the leather processing, laboratory, textile and paper industries, in addition to extending the shelf life of citrus fruits
(Akhtar and Sheikh, 2013; Aycan, 2015). TAA, known since 1948, is responsible for syntholobular necrosis but, when
administered in a single dose, it causes acute hepatic toxicity and may lead to the development of chronic cirrhosis or
hepatic carcinoma in prolonged exposures (Hajovsky H et al., 2012; Akhtar and Sheik, 2013; El Baz FK et al., 2019). Today,
TAA is widely used in the development of empirical liver damage and if given 200 mg/kg, it leads to a reduction in hepatic
edema and a decrease in the glycogen amount at the end of the first four hours. At the end of the sixth hour, changes in
mitotic activities were observed. One of the damage mechanisms of TAA is the increase in oxidative stress by changing
lipid peroxidation, protein oxidation and tissue antioxidant levels (Demir, 2008; Aycan, 2015).

Page 2/15



In defense, the enzyme of superoxide dismutase is activated and catalyzes the dismutation of superoxide to H,0,.
Glutathione peroxidase (GPx) inhibits lipid peroxidation, turns H,0, into water to protect membrane lipids and hemoglobin
from oxidative stress. The glutathione disulfide (GSSG) formed in the reactions GPx catalysts is an antioxidant enzyme that
converts glutathione (GSH) in the reduction via glutathione transferase (GST). The intracellular level of GSSG increases,
which induces an increase in glutathione reductase. Therefore, the rate of GSH-GSSG in cells is of importance (Aksit et al.,
2015).

In our study, the rats were used as experimental animal, and as an agent that induces oxidative stress and liver damage,
thioacetamide was used and as an agent that is intended to determine its effect, the extract of J. inflexus subsp. inflexus
plant was used. The plant was collected and extruded by us.

Material And Method

Experimental animals

In this study, 42 male adult Sprague dawley type rats, of 8-12 weeks and 150-200 grams, which were raised in the Erciyes
University Experimental Research Application and Research Center (DEKAM) (Kayseri, Turkey), were used. The rats which
were held in cages were provided with water and nutrients in a 21°C at 12-hours light/dark environment. Experimental
groups were formed by weighing the rats and bringing them together so that their weights were close to each other. All of
the transactions were carried out in accordance with the International Universal Declaration of Animal Rights.

Plant Material

The plant was collected at an altitude of about 1885 (+ 3m) meters at the coordinates 38°26'30" North and 42°22'51" East
in the village of Obuz of Tatvan district at Bitlis Province. Plant samples were identified and confirmed by Associate
Professor Dr. Murat KURSAT, who is an instructor at the Biology Department of the Faculty of Arts and Sciences of Bitlis
Eren University.

Soxhlet assembly was used to obtain total plant extraction (Tripathi et al., 2014). Previously washed and dried herbal roots
were finely chopped and transferred to 500 ml ethanol as 50 grams. After it was boiled at 78°C for 90 minutes, the pulp of
the plant was removed and was filtered with extract filter paper. Subsequently, alcohol and essence were separated
through the vacuum evaporator. Analyzes were performed by the device SHIMADZU QP2010 ULTRA GC-MS at the
Technology Research and Application Center of Erciyes University (Joshi et al., 2016). The components of the extract,
which were primarily transformed into gas phase, were separated in gas chromatography, and then the components were
assigned according to their mass through mass spectrophotometry.

Before the plant extract was applied to rats, it was thawed in normal saline.
Biological Experiments

The first day of the applications was considered as the first day of the experiment. Six hours after the applications were
completed, the livers of the rats were removed by decapiting the blood of the rats by means of intra-cardiac method under
the anesthesia of xylazine (10 mg/kg) ketamine (75 mg/kg). Half of the removed livers were taken at -80°C for MDA and
GSH and the other half were identified using 10% formaldehyde for histological analyzes. The applications were carried out
according to the following plan (Table 1).

Table 1. Distribution of experimental groups and applications.
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Group n  Applications

1 Control 7 Two doses of 0.1 ml normal saline were administered intraperitoneally (i.p.) with 120 minutes
intervals.

2 TAA 7 120 minutes after 0.1 ml normal saline was administered intraperitoneally, 250 mg/kg TAA was
administered intraperitoneally.

3 J 7 120 minutes after 0.1 ml normal saline was administered intraperitoneally, 50 mg/kg JI extract
was administered via intragastric (i.g.) route.

4 TAA+ 7 120 minutes after the first 250 mg/kg TAA was given intraperitoneally 50 mg/kg JI extract was

Ji administered via intragastric (i.g.) route.
5 Ji+ 7 120 minutes after the first 50 mg/kg JI extract was given via intragastric (i.g) route, 250 mg/kg
TAA TAA was administered intraperitoneally.

6 TAA+ 7 120 minutes after the first 250 mg/kg intraperitoneal TAA administration, 50 mg/kg JI extract
Ji+ was administered via intragastric (i.g) route. Only the JI extract, which is the treatment agent,
was applied at the same dose for 2 times with 48 hours intervals.

42

Biochemical Analysis

Following the experimental applications, blood was taken by means of intracardiac injection for biochemical analysis. The
blood was transferred into the gel serum tubes and was centrifuged for 10 minutes for 1500 g per minute and its serums
were transferred into eppendorf tubes and kept at +4°C.

The analyzes of the AST, ALT and ALP enzyme levels were performed at the Biochemistry Laboratory of Tatvan State
Hospital on MINDRAY BS-2000M automatic biochemical analyser. For the analysis, ALT (Kat. No: ALT1104, Shenzhen
Mindray Bio-Medical Electronics Co., Ltd., Mindray building, Keji 12th Road South, Hi-tech Industrial Park,Nanshan,
Shenzhen, 518057 P.R. China), AST (Kat. No: AST1104, Shenzhen Mindray Bio-Medical Electronics Co., Ltd., Mindray
building, Keji 12th Road South, Hi-tech Industrial Park,Nanshan, Shenzhen, 518057 PR. China) ve ALP (Kat. No: ALP1104,
Shenzhen Mindray Bio-Medical Electronics Co., Ltd., Mindray building, Keji 12th Road South, Hi-tech Industrial
Park,Nanshan, Shenzhen, 518057 P.R. China) kits were used.

The liver samples which were kept at -80 °C were homogenized for ELISA analysis of MDA and GSH markers. Tissues were
homogenized before study. Then, they were centrifuged and their supernatants were transferred to ependorf tubes in order
to be used afterwards. Their amounts were determined as ng/ml at 450 nm by ELISA reader after the relevant
transactions were carried out in accordance with the kits of MDA (Cat. No: EO156Ra, Bioassay Technology Laboratory) and
GSH (Cat. No: EA0113Ra, Bioassay Technology Laboratory).

Histological Applications

Liver tissues were detected at the end of the experiment in 4 percent formaldehyde solution and they were passed through
the increased alcohol series (50 percent, 70 percent, 80 percent, 96 percent, and 100 percent) and dehydration was
performed. After the tissues were transparentized with xylene, they were put into paraffin. H-E and PAS were applied to thin
sections of 5 ym thickness taken from paraffin blocks, and these sections were covered with closure solution (Entellan®,
Merck) and examined under an Olympus BX51 microscope.

Immunohistochemical Applications

Caspase-3 antibodies in liver cells were studied in this study. For this purpose, CASP3 polyclonal antibodies (E-AB-63602;
Elabscience, China) were used. Streptavidin-biotin as method, peroxidase as marker and diaminobenzidine tetrachloride
(DAB) as chromogen were used. The procedure specified by Oztiirk et.al., (2020) was implemented.
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Statistical Analysis

For the analysis, Graphpad Prism 9 software was used. One-Way ANOVA was applied for parametric evaluations and Post
hoc Tukey test was performed in order to compare the data. The data were determined as mean * standard deviation.
Since the statistical significance level was p< 0.05, it was determined as significant.

Results

The Chemical Components of Juncus inflexus subsp. inflexus Plant

In the specified location, 700 grams of plant root was obtained and decomposed. As a result of the decomposition
processes, 30 grams of extract was obtained from the plant roots (Figure 1). 19 peaks were detected as a result of GC-MS
analysis. Each peak represents a component. According to the analysis results, the most common components are 10-
Methoxy-nb-alpha-methylcorynantheol, as well as ergosterol, anthraquinone and fatty acid derivatives (Table 2.).

Table 2. The percentage of the presence of J| components detected by GC-MS;

Peak % Chemical Name

1 0,69 2-Methoxy-4-vinylphenol

2 0,49 Acetamide

3 3,02 Cis-9-Hexadecanoic acid

4 514 n-Hexadecanoic acid

5 1,32 Hexadecanoic acid, ethyl ester

6 3,09 9,12-Octadecadienoic acid

7 7,10 Cis-Vaccenic acid

8 1,26 9,12-Octadecadienoic acid, methyl ester
9 2,72 9-Octadecanoic acid, ethyl ester

10 3,78 9-Octadecanoic acid, 2-3dihydroxypropyl
11 2,13 Hexadecanoic acid, ethyl ester

12 1,23 Ergosta-5,7,22-trien-3-ol

13 1,45 9-Octadecanoic acid, 2-3dihydroxypropyl
14 1,58 Ergosta-5,8,22-trien-3-ol

15 3,66 Ethyl iso-allocholate

16 15,71  Ergosterol

17 32,56  10-Methoxy-nb-alpha-methylcorynantheol
18 9,66 Anthraquinone,1,2,4-trimethyl

19 3,41 1,2-Benzendicarboxylic acid, bis(2-ethylhexyl) ester
Total 100

Biochemical Analyses
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In this study, the serum liver enzymes, AST, ALT and ALP levels were examined across groups and no significant difference
was determined at the pairwise comparison between groups. Nevertheless, ALT and ALP values in the TAA group were
analyzed at a higher level than control group, JI and other groups. The ALT level was measured to be lower in the groups in
which TAA was applied before JI than in the group in which JI was applied before TAA. When TAA and TAA+JI+ (P:0.065)
and TAA+JI and TAA+JI+ (P:0.053) were compared in terms of AST parameter, no significant difference was determined in
the pairwise comparison (Table 3.).

Table 3. The change of serum ALT, AST and ALP levels between groups;

Gruplar  Kontrol Ji TAA TAA+HJI JI+TAA TAA+JI* p
ALT 61.4416.87  63.31%7.55 69.80+10.0  64.7516.95  68.31:8.39  64.96+10.33  0.469
(U/L)

AST 110.7+13.2 117.8.0£12.19 12149.68 122.7¢19.05  118.2+13.4 98.2+19.1 0.041
(U/L)

ALP 371.7+¢37.14  378.3%72.51 454.7+110.3  370.5%¢48.73  362.9+19.02  393.7#54.36  0.105
(U/L)

The data were expressed as mean + standard deviation. There is no significant difference between the groups
containing the same letter (a, b and c¢). P<0.05 was considered as statistically significant.

When the effect of the extract of inflexus subsp. inflexus plant on the oxidative stress caused by TAA was examined, the
levels of MDA, the end product of lipid peroxidation, as a marker of oxidative damage in the liver caused by free radicals
and the levels of free radical deterger endogenous antioxidant were measured and the related data are specified in Table 4.
The corresponding data are specified in Table 4. Their quantities were determined in ng/ml at 450 nm wavelength (Table
4.).

Table 4. MDA and GSH levels in liver tissue (ng/ml);

Groups  Control Ji TAA TAA+JI JIHTAA TAARJIF P

MDA 0.6740.223 0.66+0.1 22 1.04£0.27° 0.6420.212 0.75+0.1323 0-7a§‘—‘0-1 0.025
]

(ng/ml)

GSH 605.9+73.113¢  607.4.4+55173 570.4+66.19° 668.9+94.873> 742 7+40.34° 733:)-3145 0.0007
89

(ng/ml)

The data were expressed as mean + standard deviation. There is no significant difference between the groups
containing the same letter (a, b and c¢). P<0.05 was considered as statistically significant.

Histological Findings

At our experiment, in the control group, in terms of all of the H-E staining of liver tissue sections, parenchymal cell chords,
having a radial organization from the central vein to the periphery were observed. Hepatic sinusoids were regular between
chords and the portal areas were observed to be regular. Nuclei and nucleolus of the cells were observed to be prominent
(Figure 2.) and they strongly reacted with PAS (Figure 3.).In TAA group, narrowing was observed in the central vein
diameter and in sinusoids close to the central vein. Deterioration of the radial structure of the hepatocyte chords was
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observed. It was observed that toxic effects caused cell expansion and degeneration (Figure 2-C.). Anisocytosis was
observed due to the expansions in the cells. Examination of liver tissue preparations in the TAA+JI group revealed that
there was a limited amount of mononuclear cell infiltration. When the liver tissue preparations of TAA+JI group were
examined, a limited amount of mononuclear cell infiltration was observed. It was observed that the liver sections in the
JI+TAA group were similar to those of TAA+JI group. After examining the H-E staining of TAA+JI+ group, restructuring of
the cell chords was observed. Compared to TAA+JI, group mononuclear cell infiltration was observed to have partially
increased.

Immunohistochemical Findings

The effect of TAA on damage to the liver and the extract applied to the damage was evaluated immunohistochemically at
the light microscope. When caspase -3 changes from apoptosis effector enzymes were examined, positive cell count
increased in all groups by control group (Figure 4.). However, these changes were of statistical significance only between
TAA group and other groups (Table 5).

Table 5. The change in the levels of caspase-3 by groups;

GROUPS Control Ji TAA TAA+JI JIHTAA TAA+JI+ p

Caspase-3 3+0.76° 1.2041.302 8.6645.33°  2.20+1.84° 1.50+1.523 1.33¢#1.212  0.0001

The data were expressed as mean + standard deviation. There is no significant difference between the groups
containing the same letter (a, b ). P<0.05 was considered as statistically significant.

Discussion

TAA (C,H5NS) is an organosulphur compound and has been used in the leather processing, textile and paper industries
(Akhtar and Sheikh, 2013). TAA, known since 1948, can cause centrilobular necrosis, but when is administered as a single
dose, it leads to acute hepatic toxicity and can lead to the development of chronic cirrhosis or hepatic carcinoma in
prolonged exposures (Hajovsky H et al., 2012; Akhtar and Sheik, 2013; El Baz FK et al., 2019). While TAA is metabolized it is
converted to sulfine and sulfene. Sulfine is responsible for the expansion of nucleolus, increase in their nuclear volume,
intracellular Ca + concentration and the change in cell permeability, and it inhibits mitochondrial activity. Sulfine is
responsible for the release of nitric oxide synthase (NOS), the NF-KB directing to centrilobular necrosis, protein
denaturation and lipid peroxidation (Akhtar and Sheikh, 2013; Aycan, 2015: Yahya et al., 2021). As a result of the
microscopic examinations made, it has been stated that hepatic edema develops 4 hours after TAA (200 mg/kg)
administration, followed by a decrease in glycogen stores, and after about 6 hours, changes in mitotic activity occur and
necrosis increases within 24 hours. Subsequently, glycogen stores decreased and mitosis activity changed after
approximately six hours. Necrosis increased in 24 hours (Aycan, 2015).

In the studies conducted to establish cystic fibrosis, 200 mg/kg TAA chemical substance was administered
intraperitoneally twice a week for three months (Ra et al., 2019). In addition, in the studies conducted, TAA chemical
substance was used intravenously at doses of 70 mg/kg and 280 mg/kg in order to generate acute hepatotoxicity. Two
doses of 100 mg/kg TAA were administered 24 hours intervals by the studies carried out by Soheib AM et al., 2015, two
doses of 100 mg/kg TAA were administered 24 hours intervals by the studies carried out by Aycan (2015) and Zargar et al.,
(2017) applied a single dose of 300 mg/kg. In another study, in rats administered 200 mg/kg single dose of TAA,
measurements performed 6-12-24 hours intervals revealed pulpase-3 in liver and plasma. Caspase-3 activity was
determined to be at its highest level in the twelfth hour (Hayami et al., 1999).

In the current study, control group, JI, TAA, TAA + JI, JI + TAA and TAA + JI + groups were established and TAA 250 mg/kg
single dose was applied. There were no deaths among rats. 50 mg/kg JI extract (dissolved in normal saline) was
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administered as a single dose. In a similar study, the hepatoprotective effect of the Juncus subulatus plant was
investigated and 50 mg/kg J. subulatus extract was administered 3 times per week for 20% ethyl alcohol for 5 weeks
(Abdel Razik et al., 2009). In addition, in another study, Juncus species were analyzed for MIC (minimal inhibition
concentration) values in comparison with vancomycin. J. inflexus was determined to be much more effective than other
types (MIC: 9.75¢ pg/mL (Toth, 2016). Due to the limited studies in the literature on dosing, TAA + JI + was formed as an
additional rat group and 50 mg/kg JI extract was administered 120 minutes after 250 mg/kg TAA was administered and 50
mg/kg JI was administered twice 48 hours intervals and a total of 150 mg/kg JI was applied. When the H-E of this group
was examined, mild mononuclear cell infiltration was detected. This fact indicates that our 50 mg/kg dose is correct.

The Juncaceae family has been the subject of intense phytochemical studies in recent years. Despite the researches
focusing on the Juncaceae family, only eight species of Juncus and Luzula have been extensively studied so far (Bus et al.,
2018). There are, however, a very limited number of hepatoprotective studies (Abdel Razik et al., 2009). Plant extracts were
obtained from the roots, above-ground organs and seeds, by n-butanol, methanol, n-hexane, water, ethanol and ethyl
acetate solvents. Their chemical components were analyzed with GC-MS, HPLC and NMR. (Abdel Razik et al.,2009; Erdem
et al., 2015; Atmani et al., 2016; Toth, 2016; Cai et al., 2016; Bus et al., 2018; Stefko et al., 2020). At a study conducted by El
Shamy et al., (2015) it was stated that J. inflexus plant includes apigenin-4-O-glucoside, luteolin-5-glucoside, luteolin-4*-O-
glucoside, chrysoeriol-7-glucosidesulphate flavinoids In a comprehensive study conducted by Toth (2016), it was
determined that this plant contains the following bioactive components: four natural phenanthrene (Jinflexin A, Jinflexin B,
Jinflexin C ve Jinflexin D), four dihidrofenantre (juncuenin A, juncuenin B, juncusol, juncuenin D), three phenanthrene
(dehidrojuncuenin A, dehidrojunkusol, dehidrojuncuenin B) and flavonoid chrysoeriol.

In our study, J. inflexus subsp. inflexus plant roots were used. Roots were crushed, separated with ethanol and applied to
rats through total intragastric. The analyzes we conducted with the GC-MS revealed predominantly fatty acids and
ergosterol anthraquinone derivative in the plant. It has also been reported by Govindappa et al. (2014) and Malathi et al.
(2016) that fatty acids also function as antioxidants. The ergosterol in its composition was reported to act as antioxidants
by resisting oxidation through in vitro and in silico (molecular modeling) studies (Dupont et al., 2021). In addition, Umanaa
et al. (2020) reported the antioxidant activity of ergosterol in their study with the CUPRAC (Cupric Reducing Antioxidant
Capacity) test. The antioxidant property of anthraquinone had not been confirmed until recently. However, in a theoretical
study conducted, it was revealed that the superoxide anion purification activity of anthraquinone is significantly higher
when compared to typical antioxidants such as ascorbic acid and quercetin (Trung et al., 2021). In our study, the total
extract of J. inflexus plant was applied and its effectiveness was demonstrated experimentally. However, since the
components were not applied individually, it could not be determined from which component(s) the efficacy originated.

The enzymes such as ALT and AST are often used as biochemical markers of liver damage. In damaged liver cells, ALT and
AST enter the blood circulation and cause an increase in plasma levels. Therefore, an increase in plasma AST and ALT
activities in the serum can be considered as an index of damage to liver parenchymal cells (Ra et al., 2019). After the
experiments were completed, the Sprague dawley type rats used in our experiment were sacrificed after xylazine-ketamine
was given, their blood was taken by intracardiac route and their liver enzymes were analyzed. Although there were
differences between the groups in the statistical evaluations made as a result of the analyzes, no significance was found in
the ALT and ALP parameters (P < 0.469 and P < 0.105, respectively). Only the change in AST values between the groups
was considered as significant (P < 0.041), however no significant difference was determined in the pairwise comparison
conducted (P < 0.053). In a similar study, blood was taken from the retro orbital plexus and biochemical analyzes were
performed on the rats, which were sacrificed after five weeks of applications. In this study, significant differences were
observed in terms of AST, ALT, ALP, Alb (albumin) and TP (total protein) compared to the alcohol group, control and other
groups (Abdel Razik et al., 2009). In another study, while a significant difference was observed between the control group
and the other groups in the analyzes conducted after acute liver injury, any change in the AST and ALT parameters of the
damage detected in the histological examinations in the TAA + Mel group was not detected (Sayan, 2019).
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Liver tissue sections of the control group were observed in their natural structures in the whole H-E staining. Liver
sinusoids and chords were regularly organized and portal areas were observed to be regular. The nuclei and nucleolus of
the cells were distinct and they reacted strongly with the much-used PAS for general carbohydrate staining. In TAA group,
narrowing was observed in vena centralis and sinusoids in general. Chords were determined to be irregular. In addition,
there was hepatocyte increase in terms of pyknotic nuclei and eosinophilic cytoplasm. It was determined that the toxic
effect also caused enlargement of the cells and increased hydropic degeneration was observed. A weak PAS reaction was
detected in the TAA group compared to the control group and JI groups. In a similar study conducted by Abdel Salam et al.,
(2013), they applied 300 mg/kg TAA and they reported that there was a significant decrease in glycogen stores in the liver
tissue sections of the rats. Hepatocyte chords and sinusoids in the TAA + JI group were observed to be more organized
compared to the TAA group. It was observed that the histological organization in the TAA + JI + group, to which we
administered two doses of JI extract, was closer to its natural structure. However, a small amount of mononuclear cell
infiltration was also detected in this group. In a study, the effect of rutin was investigated in the rats administered a single
dose of 300 mg/kg TAA, and extensive intracellular vacuolization and infiltration were detected in the TAA group. Also, in
this study, it was confirmed histologically that there was a decrease in vacuolization and infiltration with routine
administration (Zargar et al., 2017). The histological changes detected in the histological examinations in our study
coincide with each other when compared with the findings of MDA and GSH.

In liver damage, MDA, the indicator of lipid peroxidation and GSH, which has an antioxidant effect that prevents oxidative
stress and sweeps free radicals have been widely used as two important markers (Segkin et al., 2008). In a study
conducted, the effect of TAA on GSH and MDA was studied in liver tissue homogenate, and it was determined that the level
of GSH decreased in the thioacetamide group compared to the control group, and MDA increased (Abdel Salam et al.,
2013). In our study, while GSH values were determined to be high in liver tissue homogenates of the groups given JI
extract, high MDA and low GSH values were found only in the group given TAA. A significant reduction in MDA in TAA + JI
and a significant increase in GSH in TAA + TAA and TAA + JI + groups compared to TAA group has shown that the JI extract
relieves TAA pressure on oxidative stress and GSH. In a similar study conducted by Alamri (2019), luteolin and quercetin
antioxidants were used instead of Jl and it was verified that the pressure of TAA on SOD, CAT and GSH decreased.

The caspases, which are effectors for apoptosis, are caspase-3, caspase-6 and caspase-7 (Seervi and Xue, 2015). Chen et
al., (2006) determined in a study that TAA activates p53 and increases caspaz-3. In our study, we investigated the effects
of reactive oxygen species elevated by TAA and the J. inflexus subsp. inflexus plant on caspase - 3.

According to our immunohistochemical evaluation carried out, an increase in the number of positive cells for caspase-3
was observed in all groups compared to the control group. However, these changes are of statistical significance only
between the TAA group and the other groups. The changes in all groups given JI showed similarities with the control
group. This verifies the fact that JI extract suppresses the caspase-3 activation caused by TAA. When the preparations
were examined microscopically, positive cell locations were usually observed at the lines of the cell surrounding the central
vein and in the cells adjacent to it. In addition, the periphery of the classical lobulation was observed. We also verified that
mainly nuclei were stained in the intracellular arrangement. This indicates that there is active caspase-3 increase and
intracellular location. The studies carried out have reported that caspase-3 is present in the cytoplasm as a pro-enzyme
and active caspase-3 passes into the nucleus (Kamada et al., 2005; Schindler et al., 2006; Luo et al., 2010).

As a result, in the chemical component analyzes of the J. inflexus plant, it is stated in the literature that the plant contains
strong antioxidants, antiviral and antimicrobials, as well as components with antitumor and anti-inflammatory properties.
Also, our study has verified the fact that the J. inflexus subsp. inflexus plant has protective and therapeutic effects on the
liver. However, there are very few experimental studied in the literature in this respect. We are of the opinion that our study
can be used in the development of treatment tools in liver damage and viral infections, when chemical component
analyzes of the organs of the plant are carried out.
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Figures

Figure 1

Juncus inflexus subsp. inflexus plant (at its location).
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Figure 2

E) JI+TAA group,

D) TAA+JI group,

C) TAA group,

B) JI group,

green arrow: hydropic degeneration,

40X magnification. A) Control group,
black arrow: necrotic area.

H-E staining of groups

[tration, blue arrow:

yellow arrow: infi

’

F) TAA+JI+ group. Red arrow: eosinophilia

cellular expansion

’
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Figure 3

PAS Reaction of the Groups, 40X magnification. A) Control group, B) JI group, C) TAA group, D) TAA+JI group, E) JI+TAA
group, F) TAA+JI+ group.
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Figure 4

Caspase-3 stained with Immunohistochemical technique, 40X magnification. A) Control group, B) JI group, C) TAA group,
D) TAA+JI group, E) JI+TAA group, F) TAA+JI+ group. Black arrow: CASP3+ cells.

Page 15/15



