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Abstract

This study aimed to determine the effect of Ruta chalepensis L. plant on liver enzymes, liver weight and lipid
peroxidation using rats toxified with paracetamol. An animal experiment was conducted using five groups of
Sprague Dawley rats, 9 rats each. The groups were fed: Normal diet, high cholesterol diet, with or without the plant
or the liver toxicant paracetamol (PCM). The experiment lasted six weeks; at the end of the sixth week; a single dose
of 3 g paracetamol/kg body weight was given for rats of two groups, then blood and liver samples were collected.
The hepatoprotective effect of the plant was evaluated using aspartate aminotransferase (AST), alanine
aminotransferase (ALT) and total bilirubin (TBL) levels as indicators. This study finds that the groups to which plant
and PCM were given had significantly lower MDA levels in comparison with other groups that didn’t receive plant
before PCM toxification. Tested liver enzymes levels were significantly (P < 0.05) lowered by the introduction of
plant to the diet. Introducing PCM without ingestion of plant in the diet significantly (P < 0.05) increased the rats
absolute liver weight. It is concluded that the use of Ruta chalepensis L. plant significantly lowered hepatic toxicity
as indicated by the liver enzymes levels. Also, the plant lowered the MDA level and liver weight. The ingestion of
the plant can be significantly protective against hepatic injury.

Keywords: alanine aminotransferase, aspartate aminotransferase, bilirubin, common rue, paracetamol, Ruta
chalepensis L.

1. Introduction
1.1 Ruta chalepensis L. in Jordan

Flora of Jordan is highly diversified in its number of vascular, flowering plants. It was reported that 2500 species
exist in Jordan (Oran & Al-Isai, 2015). Many of these plants are edible and grow as wild and are rich in nutrients
including vitamins and minerals and trace elements; therefore, they complement staple foods towards a balanced
diet (Dogan, Ugulu, & Durkan, 2013). Among the edible plants which are common in Jordan is common rue (Ruta
chalepensis L.) (Afifi & Abu-Irmaileh, 2000).

The plant is an ornamental, aromatic, culinary and medicinal plant, grown in the wild and can be cultivated in
gardens (Abbas et al., 2017). It belongs to the Rutaceae family. It is a hard, evergreen shrub of up to one-meter
height with a characteristic grayish color and a sharp pleasant odor (Al-Qudah et al., 2015). It is endemic in the
Mediterranean region and has been introduced to and cultivated in many parts of the world because of its
medicinal properties. A total of 45 compounds were detected in its leaves. These include alkaloids, flavonoids,
lignans, terpenes, and coumarins (Kong et al., 1989) which represent approximately 93% of the total quantum
(Perpera et al., 2017). Among the claims for using the plant are anti-inflammatory (Raghav, Gupta, Agrawal,
Goswami, & Das, 2006), anti-tumor (Preethi, Kuttan, & Kuttan, 2006), anti-nociceptive (Atta & Alkofahi, 1998),
antirheumatic (Khouri & El-Akawi, 2005), antimicrobial (Ivanova, Mikhova, Najdenski, Tsvetkova, & Kostova,
2005), anti-carcinogenic, antimutagenic and cardioprotective effects (Volf, Ignat, Neamtu, & Popa, 2013).

Antioxidants are compounds that can delay or inhibit the oxidation of lipids or other molecules by inhibiting the
initiation or propagation of oxidizing chain reactions (Volf et al., 2013). Nowadays, antioxidant agents of natural
origin have attracted special interest because they can protect the human body from free radicals, due to its high
content of polyphenolic compounds (Pandey & Rizvi, 2009). Accordingly, antioxidants can protect the body from
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reactive oxygen species (ROS) that damages cells and prevent carcinogenesis by scavenging them. In addition,
they protect people from developing many diseases (Terkmane et al., 2017).

The imbalance between antioxidant production and free radicals formation can induce lipid peroxidation, DNA
fragmentation, and protein oxidation (Terkmane et al., 2017). The reaction of ROS with lipids that contain
carbon-carbon double bonds, especially polyunsaturated fatty acids (PUFA), is generally known as “lipid
peroxidation” (Tsikas, 2017). This process in PUFAs results in lipid peroxyl radicals and hydroperoxides including
malondialdehyde (Ayala, Mufioz, & Argiielles, 2014). Malondialdehyde (MDA) is the main end-product of lipid
peroxidation. It is considered as a biomarker of oxygen free radicals and has the potential to evaluate the extent of
oxidative injury and to predict the potential efficiency of therapeutic strategies aimed at restricting the oxidative
stress (L. Wang, Sun, Yi, X. Wang, & Ju, 2012). The thiobarbituric acid reacting substances test (TBARS) is used
for MDA determination. This test is based on the reactivity of thiobarbituric acid (TBA) toward MDA to yield an
intensely colored chromogen fluorescent red adduct (Ayala et al., 2014).

1.2 Liver Toxicity

The liver plays a major role in the metabolism and detoxification of drugs and the acquisition of homeostasis in
the body. Accordingly, liver contributes to decreasing stress caused by ROS that leads to organ malfunctions and
decreased organ activities (Singh, Cho, & Upadhyay, 2015). Blood tests used for monitoring the status of the liver
are a standard part of medical care, particularly for individuals who either have underlying liver disease or are
taking medications that can cause hepatotoxicity; the most used blood tests are aspartate aminotransferase (AST),
alanine aminotransferase (ALT) and total bilirubin (TBL) (Pollock et al., 2012).

Assessing the pattern and degree of elevation in aminotransferases can help to suggest the cause of liver injury.
Processes leading to necrosis of hepatocytes or damage to the hepatocyte cell membrane with increased
permeability result in the release of AST and ALT into the blood (Woreta & Algahtani, 2014). AST is less sensitive
and specific for the liver than ALT (Woreta & Algahtani, 2014). ALT is found in the highest concentration in
hepatocytes and in very low concentrations in any other tissue. Thus, ALT is a more specific marker for liver
injury (Woreta & Algahtani, 2014).

Bilirubin is a catabolic product of the heme metabolism that is formed by the degradation of heme component of
hemoglobin and is released during the breakdown of red blood cells (Nam et al., 2018). Hyperbilirubinemia may
occur as a result of both hepatocellular and cholestatic injury (Woreta & Algahtani, 2014).

Drug-induced liver injury is a relatively common cause of acute liver disease and leads to mortality of around
10% of cases. Extensive research on drug-induced hepatic cell damage worldwide has been done in the past and
is also an area of major concern at present since hepatotoxicity due to these drugs, when it becomes terminal,
results in malnutrition, organ dysfunction, and death (Singh et al., 2015). Among the drugs that cause
hepatotoxicity is paracetamol (Hinson, Reid, McCullough, & James, 2004). The objective of this study was to
determine the effect of Ruta chalepensis L. plant on liver enzymes, liver weight and lipid peroxidation in rats
toxified with paracetamol.

2. Materials and Methods
2.1 Plant Collection, Drying and Grinding

The fresh common rue was collected from Ajloun mountains (North Jordan) from March to April 2018 (the season
of their growth). The leaves, flowers and the top 10-15 cm of the fresh stems aerial parts were used in the study. It
was shade-dried at room temperature for approximately three weeks with occasional flipping. The dry plant was
powdered mechanically to an average diameter of 0.4 mm using a high-efficiency food grinder (CHAORAN, 220V,
1700W, China) and sieved to remove the large particles.

2.2 Experimental Animals

Forty five adult male rats at eight weeks of age, weighing (200-250 g) were obtained from the Animal Unit at Jordan
University of Science and Technology (Irbid, Jordan) and transferred to the Animal Unit at the Department of
Nutrition and Food Technology/Faculty of Agriculture/The University of Jordan. Rats were weighed and kept for a
week for acclimatization before starting the experiment. The rats were fed standard diet served in glass jars with
open access to tap water ad libitum. Then rats were housed individually in plastic cages under controlled conditions
including temperature (23+2 °C), humidity (49+£5%), and hygienic conditions in a ventilated room that is
maintained at 12-hr light/dark cycle. After acclimatization, rats were weighed and randomized into five groups, nine
rats each, according to their initial body weight. The groups regarding dietary treatment were:

Group 1: Normal Diet;
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Group 2: High cholesterol diet (HCD);

Group 3: High cholesterol diet (HCD) with 2.5% plant;

Group 4: High cholesterol diet (HCD) that received paracetamol dose without plant;
Group 5: High cholesterol diet (HCD) that received paracetamol dose with 2.5% plant.

Experimental diet mixtures were prepared according to the guidelines of the American Institute of Nutrition 1993
for adult animals (AIN-93M) recommended by Reeves (1997). The synthetic antioxidant tertiary
butylhydroquinone (TBHQ) was added to prevent the oxidation of the high polyunsaturated fatty acids in foods
(10 mg for each 10 g fat). The amount of corn starch, egg white and soybean oil in the AIN-93M diet were
modified based on the proximate analysis of the plant sample to establish approximately an isocaloric diet. A
modification was done by using egg white as a source of protein instead of casein. Therefore, biotin premix was
added (10 g/kg Diet) (Reeves, 1997).

2.3 Preparation of Paracetamol Suspension and Inducing Liver Toxicity

In this experiment paracetamol (PCM) was used in a concentration of 3 g/kg body weight. A single dose of PCM in
syrup suspension was given to all rats in Groups 4 and 5 only. The rats in those two groups were weighed on the same
day of the toxification process to calculate the accurate dose needed. The dose was introduced to the rats via oral
gavage needle before 48 hours of dissection.

2.4 Animal Dissection and Blood Samples Collection

After six weeks of the experiment, the rats were fasted overnight. In the morning, rats were anesthetized by
chloroform, and blood samples were collected from the right ventricle of the heart by a medical syringe and
transferred into plain tubes with gel. The blood samples were left for 30 minutes to clot. After clotting, blood
samples were centrifuged at 3500 rpm for 8 minutes (HERMLE Z200A, LaborTechnik, Wehingen, Germany).
Finally, each serum sample was separated into three Eppendorf tubes and preserved at -18 °C until analyzed. The
whole livers were collected, washed with 0.9% normal saline and weighed.

2.5 Lipid Peroxidation (MDA) Assay

Serum malondialdehyde (MDA) concentration was determined using thiobarbituric acid reactive substance assay
(TBARS) based on the procedure described by Esterbauer and Cheeseman (1990). For this purpose, 0.5 ml of the
serum sample was mixed with 2.5 ml of 10% trichloroacetic acid (TCA) solution in a centrifuge tube, and then the
tube was placed in a boiling water bath for 15 minutes. After that, tubes were cooled by cold water and then
centrifuged at 3000 rpm for 10 minutes (HERMLE Z200A, Wehingen, Germany). Then 2 ml of the aliquot
supernatant was added to 1ml of the 0.67% thiobarbituric acid (TBA) solution in another test tube. The tube was
placed again in a boiling water bath for 15 minutes and finally cooled in tap water. The absorbance was measured
using a spectrophotometer at 532 nm against blank. The results were expressed as MDA equivalent. Samples were
analyzed in triplicate.

2.6 Liver Function Tests Assay

Aspartate aminotransferase enzyme (AST), alanine aminotransferase enzyme (ALT) and total bilirubin (TBL) were
done in Mega Lab which is an accredited private Medical Laboratory (Amman, Jordan). An automated clinical
analyzer (ARCHITECT plus, Serial number: i1SR56522, Abbott, Germany) was used for the analysis.

2.7 Statistical Analysis

Statistical analysis of the data was performed using a statistical package for the social science software (SPSS)
version 24. Data were expressed as meantstandard error of the mean (SEM) and the levels of significance were at
(P < 0.05). Analysis of variance (ANOVA) followed by Least Significance Difference (LSD) test was used to
determine any significant differences among the variable means of the study groups.

3. Results
3.1 Absolute and Relative Liver Weight

Table 1 shows the mean and the standard error of the mean (SEM) for the absolute liver weight (g) and relative
liver weight (g/g BW) for the studied groups. Absolute liver weight for the control group (normal diet group) had
the lowest weight (8.9+0.3) and it was significantly different (P < 0.05) from all other groups. Adding PCM
without plant (Group 4) resulted in significantly higher liver weight (15.8+0.9) in comparison with all other groups;
8.94+0.3, 12.24+0.4, 13.54+0.6 and 12.6+0.6 for Groups 1, 2, 3 and 5 respectively.
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Regarding relative liver weight, the normal diet group (Group 1) (3.2+0.1) had significantly (P < 0.05) the lowest
relative liver weight among all of the groups. The addition of PCM in Group 4 (4.8+0.2) and Group 5 (4.5+0.2)
resulted in significantly (P < 0.05) higher relative liver weight as compared with relative liver weight of Group 2
(HCD) (3.940.1) and Group 1 (normal diet) to which no PCM was added.

Table 1. Absolute liver weight and relative liver weight among experimental groups™

Group Description Absolute Liver Weight (g) Relative Liver Weight (g) **
1. Normal AIN Diet 8.9+0.3 % 3.2+0.1°
2. HCD w/o plant w/o PCM 12.2+£0.4° 3.9+0.1°
3. HCD w plant w/o PCM 13.5£0.6 ° 43+0.1°
4. HCD w/o plant w PCM 15.840.9 ¢ 4.8+0.2¢
5. HCD w plant w PCM 12.6+0.6 ° 4.5+0.2

Note. HCD: high cholesterol diet, w: with, w/o: without, PCM: paracetamol, B.W.: body weight.

* Values are expressed as Mean+SEM. Values with different superscription within the same column are
significantly different at P < 0.05. Different letters in the column indicate significant difference, ranks were based
on total mean differences.

** Relative Liver Weight = Liver weight (g)/Body weight x 100%.

3.2 Lipid Peroxidation (MDA) Assay

Table 2 shows the mean and the standard error of the mean for MDA levels in the studied groups. MDA values
were calculated as nmol MDA/ml. MDA for group 5 to which plant and PCM were added (9.4+0.7) was
significantly lower (P < 0.05) than all other experimental groups in which MDA values were not significantly
different from each other.

Table 2. Serum malondialdehyde concentration (MDA) among experimental groups*

Group Description MDA Test (nmol/ml)
1. Normal AIN Diet 12.9£0.6 °

2. HCD w/o plant w/o PCM 13.120.6 °

3. HCD w plant w/o PCM 13.6£0.6 °

4. HCD w/o plant w PCM 13.8£0.7°

5. HCD w plant w PCM 9.4+0.7 %

Note. HCD: high cholesterol diet, PCM: paracetamol, MDA: malondialdehyde

*Values are expressed as MeantSEM. Values with different superscription within the same column are
significantly different at P < 0.05. Different letters in the column indicate a significant difference.

3.3 Liver Function Tests

Table 3 shows the means of serum levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT) and
total bilirubin (TBL) among the experimental groups. Regarding AST, the addition of PCM in both Group 4
(38736.7£10740.4) and Group 5 (14062.2+960.6) remarkably increased the AST values as compared with the
groups with no PCM addition; (75.4+7.8, 84.0+11.8, 75.7+2.2, for Groups 1, 2 and 3 respectively). The ingestion of
the plant within the diet as in Group 5 significantly lowered the effect of PCM toxicity on AST values as compared
with Group 4 (to which no plant was added).

Also regarding ALT, the addition of PCM in both Group 4 (3543.2+645.2) and Group 5 (1517.7+137.6) resulted in
a remarkable increase in the ALT values as compared with the groups with no PCM addition; (35.1+3.1, 30.7+1.8,
27.4+1.6 for Groups 1, 2 and 3 respectively). The ingestion of plant within the diet as in Group 5 was associated
with a significant decrease in ALT values as compared with Group 4.
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Table 3. Aspartate aminotransferase (AST), alanine aminotransferase (ALT) and total bilirubin (TBL) serum levels
among experimental groups*

Group Description AST (U/L) ALT (U/L) TBL (umol/l)
1. Normal AIN Diet 75.4+7.8*° 35.1£3.1° 1.7£0.01%

2. HCD w/o plant w/o PCM 84.0+11.8*° 30.7+1.8* 1.7£0.01%

3. HCD w plant w/o PCM 75.7+£2.2° 27.4+1.6° 1.7£0.0°

4. HCD w/o plant w PCM 38736.7+10740.4° 3543.24645.2°¢ 8.1+1.7¢

5. HCD w plant w PCM 14062.2+960.6 ° 1517.7+137.6° 4.7+04°

Note. * Values are expressed as Mean+SEM. Values with different superscription within the same column are
significantly different at P < 0.05. Different letters in columns indicate significant difference.

HCD: high cholesterol diet, PCM: paracetamol, AST: aspartate aminotransferase, ALT: alanine aminotransferase,
TBL: total bilirubin.

On the other hand, the addition of PCM in both Group 4 (8.1+1.7) and Group 5 (4.7£0.4) led to a remarkable
increase in the TBL values as compared with the groups with no PCM addition; 1.7+0.01, 1.7+0.01, 1.7+0.0 for
Groups 1, 2 and 3 respectively. The ingestion of the plant within the diet as in Group 5 was associated with a
significant decrease in TBL values as compared with Group 4 (8.1£1.7 and 4.7+0.4 respectively).

4. Discussion

Dietary fat and type of fat can affect health. Lipid oxidation occurs during the food processing, heat treatment of
raw materials and storage of cooked and raw foods (Kacem et al., 2015). Antioxidants can delay or inhibit the
oxidation of lipids or other molecules (Volf et al., 2013). The utilization of synthetic antioxidants is progressively
restricted in the food industry because of their potential carcinogenicity.

4.1 Absolute and Relative Liver Weight

Relative liver weight is used as a possible indicator of changes in biochemical activity to maintain optimal
functions due to many factors, including dietary constituents (Maronpot et al., 2010). In this study, we can observe
from table (1) that the addition of PCM increased the relative liver weight significantly. This may be due to liver
enlargement which is caused by its malfunction as a result of the drug intake. The addition of the plant lowered
this enlargement significantly, as can be seen in Group 4.

4.2 Lipid Peroxidation (MDA) Assay

Lipids are considered a target for ROS which oxidizes them in a process called lipid peroxidation (Ayala et al.,
2014). Malondialdehyde (MDA) is a secondary product of the lipid peroxidation process and it can be measured
by TBARS assay (Esterbuer and Cheseman, 1990). The antioxidant effect of phenolic compounds is mainly due to
their redox properties and their capacity to block the production of ROS. There are various possible mechanisms
of this effect including free radical scavenging activity, transition metal chelating activity, and/or
singlet-oxygen-quenching capacity (Rubid, Motilva, & Romero, 2013).

Plants such as Ruta chalepensis L. are considered a valuable source of bioactive components such as natural
antioxidants which possess defense mechanism against ROS (Ouerghemmi et al., 2017; Romojaro, Botella, Obon,
& Pretel, 2013). Polyphenols constitute the main bioactive phytochemicals that have been proven effective in the
prevention of certain chronic diseases such as coronary heart diseases, cancers and diabetes due to their free
radical-scavenging activities (Lamien-Meda et al., 2008).

4.3 Liver Function Tests

The liver is the key organ in the regulation of homeostasis in the body. It is involved in almost all of the
biochemical pathways related to growth, fight against disease, nutrient supply, energy provision and reproduction
(Prabu, Kanchana, & Sadiq, 2017). Excessive exposure to paracetamol can cause liver injury through the
formation of a reactive metabolite that depletes hepatic glutathione and causes hepatocellular oxidative stress and
damage (Cao et al., 2017). Paracetamol is one of the most popular analgesic and antipyretic drugs worldwide;
however, its overdose is among the major causes of morbidity and mortality in its victims (Prabu et al., 2017). The
present study shows that the common rue plant can significantly lower the ALT, AST and TBL blood levels which
means that it can lower the hepatic injury. Elevated ALT and AST activities are considered a marker of
hepatotoxicity; when the liver is injured, enzymes that are normally retained within its cells are released into the
blood (Drotman & Lawhorn, 1978). This release is caused by blister formation followed by degradation of
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phospholipids in the liver cell membrane which triggers tearing in the plasma membrane and consequently a
release of AST and ALT into the bloodstream (Venkateswaran, Pari, Viswanathan, & Menon, 1997). Most of the
hepatotoxic chemicals damage liver cells mainly by inducing lipid peroxidation and other oxidative damage
(Salwe, Mirunalini, Mano, & Manimekalai, 2017).

In the toxified rats, we found that the addition of the plant reduced the TBL by half. This can be explained by the
fact that PCM in a dose of 3g/kg BW decreased the activity of both cytochrome p 450 and bilirubin glucuronyl-
transferase, leading to the release of unconjugated bilirubin into the bloodstream (Davis, Ideo, Harrison, &
Williams, 1975). The significant reduction in liver function tests (ALT, AST and TBL), as compared with that of
the positive control (P < 0.05), maybe due to the high antioxidant activity of the plant.

The present study suggests that the traditional use of common rue maybe scientifically justified and that there is
need for further investigations on its potential benefits. In addition, extending the experiment duration and giving
the plant for longer period before giving the paracetamol dose could result in butter effect on blood lipid profile in
hypercholesterolemic rats. Furthermore, it is possible that using plant extract instead of the dry plant in the in vivo
study may give better result within shorter period of time.

5. Conclusion

It is concluded that the use of Ruta chalepensis L. plant significantly lowered hepatic toxicity as indicated by the
liver enzyme levels. Also, the plant lowered the MDA level and liver weight. The ingestion of the plant can be
significantly protective against hepatic injury.
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