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Ethephon (Ethrel®) is an ethylene-based plant growth regulator that used in agriculture and it 
has direct and indirect effects on human health, direct effect via its inhalation during usage in 
agriculture and indirect effect through the diet (Fruits and vegetables) that is sprayed with it. The 
current study aimed to examine the possible modifying effects of costus (Saussurea lappa) root 
aqueous extract against Ethephon induced liver toxicity, injury, DNA fragmentation and PCNA 
alterations in male rats. Fifty adult male rats were divided into 5 groups (1st, control; 2nd, Costus; 
3rd, Ethephon; 4th, Post treated Ethephon with costus; 5th, self-healing Ethephon). Current results 
revealed that; a significant increase in aspartate transaminase (AST), alanine transaminase (ALT), 
alkaline phosphatase (ALP), liver injury, DNA damage and PCNA expressions in Ethephon group 
when compared with control group. In contrast; a significant decrease in albumin and total proteins 
in Ethephon group when compared with control group. Treatment of rats with costus after Ethephon 
improved these alterations as compared with Ethephon self-healing. So, it could be concluded that 
costus root extract worth to be considered as a natural substance for ameliorating the hepatic toxicity 
induced by plant growth regulator Ethephon.
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INTRODUCTION

Plant growth regulators are organic compounds 
which are registered for use in agriculture, affect 
variant physiological processes of plants and are 
commonly active at very low concentrations (Wani 
et al., 2017; Hajam et al., 2017, 2018). Ethephon 
(2-chloroethylphosphonic acid; Ethrel®) is an ethylene-
based plant growth regulator that used in agriculture 
and it has direct and indirect effects on agricultural 
and industrial workers, direct as through its inhalation 
during usage in agriculture and indirect through the diet 
(Fruits and vegetables) which sprayed with it (Pierik et 
al., 2006; Taheri et al., 2012; Moustakime et al., 2018). 

Several dietary studies have been conducted on 
ethephon toxicity on experimental animals as rats, mice 
and rabbits (Tuluce, Celik, 2006; Abd El Raouf, Girgis, 
2011; Anant, Avinash, 2012). Using Ethephon alone 
or combined with other pesticides have been reported 
to induce damage to liver and kidney of mice (Yazar, 
Baydan, 2008).

Many herbal plants extracts and their products 
have been used for treatment of several fateful diseases 
(Moustafa et al., 2014; Saggu et al., 2014; Tousson et al., 
2016, Tousson et al., 2018). Costus or Saussurea Lappa is 
one of these herbal plants that is rich with antioxidant and 
widely utilized in various indigenous system of medicine 
all around the world for treatment variety of disorders 
for instance diarrhea, tenesmus, dyspepsia, vomiting, 
inflammation (Xiao et al., 2006; Irshad, Mahmood, 
Perveen, 2012). Saussurea Lappa has been screened for 
different pharmacological activities and been proved 
for activities like anti-oxidant activity (Chang, Choi, 
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Kum, 2012), anti-hepatotoxic activities (Yaeesh et al., 
2010), anti-diabetic (Upadhyay et al., 1996), anti-fungal 
effect (Barrero et al., 2000), anthelmentic (Seki et al., 
1991), anti-tumour (Ko et al., 2005), anti-inflammatory 
(Yashvanth et al., 2010), anti-ulcer (Sutar et al., 2011), 
anti-microbial (Khalid et al., 2011) and immuno-
stimulant activities (Hamilton et al., 2004).

The knowledge concerning the combined toxicity 
effects of plant growth promoters or Ethephon on the 
mammals is limited. Therefore the current study was 
conducted to examine the possible modifying effects of 
costus (Saussurea lappa) root aqueous extract against 
liver toxicity, injury, DNA fragmentation and PCNA 
marker alterations induced by Ethephon in male rats. 

MATERIALS AND METHODS

Chemical and reagent

• Costus: Saussurea lappa absolute, CAS Number: 
8023-88-9, Robertet, Inc., France.

• Ethephon: Sigma-Aldrich Chemie GmbH (Riedstrasse 
2D-89555 STEINHEIM) Product Number: C0143 
Sigma Index-No.: 015-154-00-4 CAS-No.:16672-87-0

Experimental animals

The experiment was performed on 50 male albino 
Sprague–Dawley rats that were weighing 150 g (± 10) and 
of 10-12 weeks age. They were acquired from laboratory 
farms, Zoology Department, Faculty of Science, Tanta 
University, Egypt. The rats were held in suitable plastic 
cages for one week before the experimental work for 
acclimation with a new room conditions and maintained 
on a standard rodent diet and water available ad libitum. 
The temperature in the animal room was adjusted to 
23 ± 2°C with a relative humidity of 55 ± 5%. Light 
was on a 12 h light/dark cycle. Animal procedures were 
performed in accordance with the Ethics Committee of 
the National Research Centre, Egypt.

Experimental groups

A total of 50 rats were equally divided into five groups 
(10 rats each). 1st group, Control group included rats 
received no treatment; 2nd group, Costus group included 
rats received by oral gavages Costus extract (50mg/kg 
body weight/2day) for four weeks (Arhoghro et al., 2015); 
3rd group, Ethephon group included rats that injected oral 

gavages with Ethephon (200 mg/kg body weight/day) for 
four weeks (Bhadoria et al., 2015); 4th group, post-treated 
group included rats that received Ethephon (200 mg/kg 
body weight/day) for four weeks and then received costus 
(50mg/kg/2 day) orally for another four weeks; 5th group, 
Self-healing group included rats that received Ethephon 
(200 mg/kg body weight/day) for four weeks and then left 
for another four weeks without receiving any treatment.

At the end of the experimental period, rats were fasted 
overnight; rats were euthanized with intraperitoneal  
injection with sodium pentobarbital and subjected to a 
complete necropsy. Blood samples were individually 
collected from the inferior vena cava of each rat in non 
heparinized glass tubes for estimation of liver functions 
(ALT, AST, total protein, albumin and ALP).

Liver function in serum

Serum alanine transaminase (ALT) and serum 
aspartate transaminase (AST) activities were evaluated 
by the colorimetric assay using commercial kits 
supplied by (Biodiagnostic, Egypt) in accordance to 
the assay designated by Reitman and Frankel, (1957). 
Estimation of albumin Concentration was performed 
by using commercial kit that was purchased from 
Diamond, Egypt. Estimation of albumin Concentration 
was assessed in accordance to the assay designated 
by Doumas et al. (1971). Estimation of total protein 
concentration was assessed by using commercial kit 
that was purchased from Diamond, Egypt. Estimation of 
total protein concentration was assessed in accordance to 
the assay designated by Bradford (1976). Serum alkaline 
phosphatase activity was analysed by using commercial 
kit that was supplied by BioMérieux Co, from France 
(Belfield, Goldberge, 1971). 

Performance of comet assay to identify 
DNA damage in hepatic tissue

DNA damage analysis and quantification were 
conducted with the comet assay (single cell gel 
electrophoresis) method. 100 mg samples of liver were 
obtained from every experimental group and subjected 
to mincing in chilled homogenising buffer consisting 
of 0.075 M NaCl and 0.024 M Na2EDTA, before 
undergoing gentle homogenisation with the use of a 
homogeniser (Ikemoto Scientific Technology Company 
Ltd., Japan) in ice. A suspension of cells was subjected 
to 10-minute 700X g centrifugation at 4 °C, followed 
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by re-suspension in cold buffer. An epifluorescence 
microscope permitted visualisation of the slides. The 
DNA migration length (comet tail length) caused 
by genotoxicity was established by scanning digital 
images in an image analyser (Comet V image analyser 
software), in the case of the control and Ethephon 
groups. Furthermore, observation of a minimum of 505 
arbitrarily chosen cells per sample enabled determination 
of tail length (TL), representing the distance between 
the comet head and the final signal in the tail that could 
be seen, the DNA tail intensity (TI), representing the 
DNA fraction in the tail divided by the DNA quantity in 
the nucleus multiplied by 100, and the DNA tail moment 
(TM), representing the product of the DNA quantity in 
the tail and TL. Every assay was carried out thrice and 
contrasted against control.

Histopathological investigation 

Immediately after decapitation animals were 
dissected, liver from different groups were quickly 
removed, washed in 0.9 saline solutions and fixed 
in 10% neutral buffered formalin. After fixation, 
specimens were dehydrated in an ascending series of 
alcohol, cleared in two changes of xylene and embedded 
in molten paraffin (mp. 50–58 °C). Sections of 7 micra 
thickness were cut using rotary microtome and mounted 
on clean slides. Sections were stained with Ehrlich’s 
haematoxylin and counterstained with eosin as a routine 
method after (Tousson, 2016).

Liver regeneration analysis

Proliferating cell nuclear antigen immunoreactivity 
(PCNA-ir) was performed according to Tousson et 
al. (2011, 2012). Distribution of PCNA stained nuclei 
were examined in deparaffinized sections (5 µm) using 
an Avidin–Biotin–Peroxidase immunohistochemical 
method (Elite–ABC, Vector Laboratories, CA, USA) 
with PCNA monoclonal antibody (dilution 1:100; 
DAKO Japan Co, Tokyo, Japan). 

Statistical analysis 

Data were expressed as mean values ± SE and 
statistical analysis was performed using one way ANOVA 
to assess significant differences among treatment 
groups. The criterion for statistical significance was 
set at p < 0.01 for the biochemical data. All statistical 
analyses were performed using SPSS statistical version 
21 software package (SPSS® Inc., USA).

RESULTS

Table I shows that serum ALT, AST and alkaline 
phosphatase (ALP) were significantly increased in 
Ethephon group when compared with control and 
costus groups. This elevation decreased in post-treated 
and self-healing groups when compared with Ethephon 
group. On the other hand, albumin and total protein 
were significantly decreased in Ethephon group when 
compared with control and costus groups. Serum 

TABLE I - Changes in liver functions in different groups

G1 G2 G3 G4 G5

ALT (U/L) 29.6# ± 1.166 32.4# ± 2.135 105.8* ± 3.308 46.2#* ± 2.478 53.4#* ± 1.166

AST (U/L) 126.8# ± 1.81 133# ± 7.981 237.4* ± 5.455 129.6# ± 2.135 150.4# ± 4.812

ALP (U/L) 97.6# ± 2.657 103.8# ± 2.478 352.2* ± 5.286 225.2#* ± 2.871 264.2*# ± 3.878

Albumen (g/dL) 3.972# ± 0.063 4.018# ± 0.028 3.532* ± 0.049 3.82# ± 0.072 3.608# ± 0.024

T-Protein (g/dL) 6.638# ± 0.031 6.774# ± 0.034 6.164* ± 0.045 6.258* ± 0.019 6.18* ± 0.021

Data are expressed as mean ± SE of 10 observations. Where G1, control group; G2, costus group; G3, Ethephon group; G4, 
Ethephon then costus group; G5, Ethephon then self-healing group. *Significant different from control group at P>0.05. 
#Significant different from Ethephon group at P>0.05.
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albumin levels were significantly increased in post-
treated and self-healing groups when compared with 
Ethephon group while, Total protein levels were in-
significantly increased in post-treated and self-healing 
groups when compared with Ethephon group (Table I). 

DNA fragmentation

A comet assay was performed to assess DNA 
damage in liver of rats after treatment by Ethephon as 
compared to normal control. The results of comet assay 
were shown in Figures 1 and Tables II. Administration 
of Ethephon (G3) led to significant increase in DNA 
damage (P < 0.05) that was indicated by increase in 
tail length, tail DNA% and tail moment as compared 
to normal control (G1) and costus (G2) groups. This 
increased DNA damage was reduced after administration 
of costus as in post-treated (G4), or self-healing (G5) 
groups for 4 weeks with lowest damage in G4. On the 
other hand, no significant difference in DNA damage 
(tail length) was observed between normal control (G1) 
and costus (G2) groups.

Effect of Ethephon and costus 
on liver histopathology

Liver sections in male rats in the control (G1) 
and costus (G2) groups showed normal structure of 
hepatocytes where the hepatocytes are polygonal 
in shape with prominent round nuclei, eosinophilic 
cytoplasm, and few spaced hepatic sinusoids arranged 
in-between the hepatic cords with fine arrangement 
of Kupffer cells (Figures 2A and 2B). However, Liver 
sections in Ethephon (G3) and Ethephon self-healing 
(G5) groups showed hepatotoxicity manifested by 
marked inflammatory cells, degeneration in hepatic 
cords in addition to karyomegally and pyknotic nuclei 
indicating apoptosis, moderate fibrosis, and marked 
diffuse necrosis of hepatic tissue and congested blood 
sinusoids (Figures 2C, 2D, 2F). Liver sections in post-
treated Ethephon with costus (G4) showed a moderate 
improvement the hepatocytes with mild degeneration, 
mild inflammatory cells and mild congestion of the 
central vein (Figure 2D).

Liver PCNA expressions

The detection of PCNA expressions in liver 
sections in the different groups was revealed in Table III  

and Figures (3A-3F). Liver sections in the control (G1) 
and costus (G2) groups in showed mild positive PCNA 
expression (Grade 1) respectively in hepatocytes nuclei 
(Figures 3A, 3B). Strong positive expressions for 
PCNA (Grade 4) in the liver sections Ethephon (G3) 
group were detected as compared with control (Figures 
3C&3D). Liver sections in the post-treated Ethephon 
with costus (G4) showed moderate positive expressions 
for PCNA (Grade 3) while liver sections in the Ethephon 
self-healing (G5) showed strong positive expressions 
for PCNA (Grade 4) (Figures 3E-4F). The intensity of 
expression of PCNA on liver after Ethephon treatment 
with costus was significantly decrease when compared 
with Ethephon (G3) or with Ethephon self-healing (G5) 
groups (Figures 4D-4H).

DISCUSSION

Today, a variety of plant growth regulators 
are being used in agriculture. Extreme use of these 
chemicals would certainly be accompanied with many 
health hazards (Abou Zeid et al., 2018). The most 
common used ones are ethylene, calcium carbide, ethane 
and Ethephon. Ethephon is a plant growth regulator 
that acts by releasing ethylene, directly affecting 
several physiological and developmental processes, 
such as maturation and ripening, and stimulating the 
construction of endogenous ethylene (Dutta, Deka, 
2015; Wolterink, Inoue, Zarn, 2015).

Liver is the main target of toxicity of several 
compounds because most of the substances go through 
first-pass metabolism there. Therefore, it becomes an 
organ of high importance for studying the effects of 
different chemicals dispensed into the body. Therefore 
the current work aimed to study the possible modifying 
effects of costus extract against liver toxicity, DNA 
damage and proliferating PCNA alterations induced 
by Ethephon in male albino rats. In the current work, a 
significant increase in ALT, AST and ALP in treated rat 
with Ethephon when compared with control. Increases 
in plasma levels of AST and ALT serve as reliable 
indices of assessment of damage to the parenchymatous 
cells of the heart and liver, respectively (Lesley et al., 
2008). Thus the observed significant increases in the 
activities of these enzymes are pointers to Ethephon-
induced lesions in heart and liver tissues. Our results 
agree with Igbinaduwa and Aikpitanyi-Iduitua (2016) 
who find that the ALT and AST significantly increased 
after Calcium carbide administration to rats. Also; the 
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FIGURE 1 - Comet assay for DNA damage in liver tissues in different groups under study. Where G1, control group; G2, costus 
group; G3, Ethephon group; G4, Ethephon then costus group; G5, Ethephon then self-healing group.

TABLE II - Comet assay parameters obtained by image analysis in hepatic cells of all groups after prevention experiment

Group Tailed % Untailed % Tails length µm Tail DNA% Tail moment

G1 1.5 98.5 1.35 ± 0.11 d 1.38 1.86

G2 2.5 97.5 1.47 ± 0.14 d 1.54 2.26

G3 28 72 9.78 ± 0.69 a 8.65 84.60

G4 13 87 4.13 ± 0.23 c 2.81 11.61

G5 18 82 6.09 ± 0.22 b 4.85 29.54

Data are expressed as mean ± SE of 4 observations. Where G1, control group; G2, costus group; G3, Ethephon group; G4, 
Ethephon then costus group; G5, Ethephon then self-healing group. Different superscript letters in the same column of tail 
length showed significance difference at P< 0.05.
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FIGURES 2)A-F) - Photomicrographs of rat liver sections stained by HE. A&B: Liver sections in male rats in the control (G1) 
and costus (G2) groups showed normal structure of hepatocytes (hp) and normal central vein (Cv). C&D&F: Liver sections 
in Ethephon (G3) and Ethephon self-healing (G5) groups showed marked inflammatory cells (White arrows), degeneration in 
hepatic cords, and marked diffuse necrosis (Black arrows) of hepatic tissue and congested blood sinusoids. D: Liver sections 
in post-treated Ethephon with costus (G4) showed mild degeneration, mild inflammatory (White arrows) and mild congestion 
of the central vein.
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FIGURES 3(A-F) - Photomicrographs of liver sections stained with PCNA-ir in the different groups. A&B: Liver sections in 
control (G1) and costus (G2) groups in showed mild positive PCNA expression (arrows) in hepatocytes nuclei. C&D&F: Strong 
positive affinity for PCNA arrows) in the liver section in treated rats with Ethephon (G3) and with Ethephon self-healing (G5). 
E: Liver sections in the post-treated Ethephon with costus (G4) showed moderate positive expressions (arrows) for PCNA. 

current results agree with Bhadoria et al. (2015) who 
reported that administration of Ethephon to rats induced 
liver toxicity. Also; our results agrees with Uzun 
and Kalender (2013) who find Chlorpyrifos induced 
hematologic and hepatotoxic alterations in rats. Our 
results not agrees with Andrew et al. (2018) who reported 
that; no remarkable change in the levels of Aspartate 
aminotransferase (AST) and Alanine aminotransferase 
(ALT) after rats fed on diets containing calcium carbide 
ripened mango fruits.

Albumin and total proteins are also biomarkers 
of hepatotoxicity thereby showing marked decrease 
during liver injury. In contrast; a significant decrease in 
albumin in treated rat with Ethephon when compared 
with control. This finding is in line with the studies 
by El-Okazy et al. (2008) and Hussein et al. (2011) 
who reported oral administration of rats with plant 
growth regulator adversely affects liver functions and 
structure. Also; a significant decrease in total protein in 
treated rat with Ethephon when compared with control. 
Protein is important for structure, function, repair 
and, tissue building. The reduction in protein indicates 
increased proteolysis. A toxicant stimulating change in 
tissue protein leads to reduction in synthesis. This could 
result in shifting in nitrogen metabolism. Furthermore, 
inhibition of ribosomal activity results in protein 
degradation. This may also be a possible reason for the 
decrease. Treatment of Ethephon with costus improved 

these alterations in liver enzymes as in post-treated 
group. Administration of costus increased antioxidant 
enzyme activities in Ethephon treated rats which might 
be due to its ability to reduce the accumulation of free 
radical generation. Our results agree with Yaeesh et 
al. (2010) and Alnahdi, Ayaz and Elhalwagy (2016) 
who reported that costus (S. lappa) root extract have 
hepatoprotective effect against deltamethrin exposure 
induced liver toxicity. Bakr and Naga (2015); Eliza 
et al., (2009); Nitin and Khosa (2009) who reported 
that Costus speciosus could alter plasma enzyme 
(aspartate aminotransferase, alanine aminotransferase, 
lactate dehydrogenase, alkaline phosphatase and 
acid phosphatase) levels to near normal and act as 
hepatop2rotective activity against carbon tetrachloride.

Ethephon is phase-specific, cytotoxic drugs that can 
break DNA strand and leads to cell death by apoptosis 
(Attia 2012). In the current study; a significant increase 
in liver DNA fragmentation after oral administration of 
Ethephon while the post treated Ethephon with costus 
extract inhibited this liver cell damage. Extract of costus 
specious rhizome is rich in flavonoids. Flavonoids are 
very familiar to decrease oxidative stress. Oxidative 
stress reduction could be the reason of DNA damage 
inhibition. So costus extract appear as a cytoprotective 
agent when exposed to a free radicals scavenging 
activity that cause widespread damage to cell component 
(Labban, Mustafa, Ibrahim, 2014). 
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Hepatic injury is a common pathological feature 
which exists in many liver diseases. Since liver fibrosis, 
cirrhosis and even liver cancer could result from the long 
existence of hepatic injury. Therefore, treatment and 
prevention of hepatic injury is a key to treat liver diseases 
clinically. In the current study; marked inflammatory 
cells, degeneration, moderate fibrosis, and marked 
diffuse necrosis of hepatic tissue and congested blood 
sinusoids were observed in liver sections in Ethephon 
and Ethephon self-healing groups. Also in the current 
study; a significant increase in PCNA expressions 
in liver tissues after Ethephon oral administration as 
compared with control. These findings were consistent 
with those of Bhadoria et al. (2015) who reported that; 
Ethephon administration induce histological damages in 
rat liver tissue. Yazar and Baydan (2008); Abd El Raouf 
and Girgis (2011); Bhadoria et al. (2015) who reported 
that; Ethephon induced hepato and nephrotoxicity. This 
finding is in agreement with the studies by Hussein 
et al. (2011) who found mild piece-meal necrosis of 
hepatocytes on histopathological examination of liver 
in rats after administering a plant growth regulator, 
gibberellic acid. Our result agrees with the results of 
Altin et al. (2011) who reported hepatocellular necrosis 
after administration of a high dose 4-chlorophenoxy 
acetic acid (4-CPA), a plant growth regulator, to rats. 
Treatment of Ethephon with costus improved this liver 
injury and the increase in PCNA expression when 
compared with Ethephon or self-healing Ethephon. 
So; the present results indicate that exposure to 
Ethephon has direct effects on rats liver structure and 
functions. Our immunohistochemical results; revealed a 
significant increase in PCNA on the liver after Ethephon 
administration and the treatment with costus improved 
this toxicity. 

CONCLUSION

Treatment of Ethephon induces liver toxicity, 
injury, DNA damage and PCNA expressions. Treatment 
of Ethephon with costus improved these alterations 
as compared with Ethephon self-healing. Costus root 
extract treatment significantly reduces Ethephon 
induced hepatotoxicity in rats.
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