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Siyah  havu¢ suyu: Sicanlarda  akrilamide
hepatotoksisiteyi tedavi etmede yeni bir yaklasim

bagh

Black Carrot Juice: A New Approach to Cure Acrylamide-
Induced Hepatotoxicity in Rats
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Ozet

Amag: Karaciger, oksidatif stres yoluyla hepatotoksisiteye neden olan bir¢ok zararli maddeye maruz
kalmaktadir. Akrilamid kanserojen bir ajandir ve karaciger iizerinde toksik etkileri vardir. Bu galigmada
siyah havu¢ suyunun, sican karacigerini, akrilamid toksisitesine karsi koruyup koruyamayacagini
arastirmay1 amagladik. Yontem: Otuz iki erkek Wistar albino si¢an; kontrol, akrilamid, siyah havug suyu
ve akrilamid + siyah havug suyu olmak ilizere dort esit gruba ayrildi. Tiim uygulamalar 30 giin boyunca
her giin yapildi. Karaciger dokular1 rutin histopatoloji ve apoptoz agisindan analiz edildi, serum 6rnekleri
ise oksidasyon seviyesi acisindan degerlendirildi. Bulgular: Akrilamid grubunda, hepatosit
dejenerasyonu, siniizoidal dilatasyon ve pasif hiperemi gibi ciddi histopatolojik hasar ile beraber, kaspaz-
3 immunreaktivitesinde onemli bir artis gozlendi. Biyokimyasal olarak serum toplam antioksidan seviyesi
o6nemli olgiide azaldi ve serum toplam oksidan seviyesi 6nemli ol¢iide artti. Histopatolojik inceleme,
akrilamid + siyah havug¢ suyu grubunda, akrilamid grubuna gore doku hasarinda anlamli bir diizelme
oldugunu gosterdi. Ayrica, toplam oksidan seviyesi diizeyi 6nemli ol¢iide azalirken, toplam antioksidan
diizeyi 6nemli 6l¢iide artt1. Kaspaz-3 immiinoreaktivitesi ise onemsiz derecede azaldi. Sonu¢: Siyah havug
suyu, antioksidan Ozelliklerinden dolayi, akrilamide bagli hepatotoksisiteye karsi terapotik etkiler
sergilemektedir.

Anahtar Kelimeler: akrilamid, kara havug suyu, kaspaz-3, hepatotoksisite, total antiosidan seviye, total
oksidan seviye

Abstract

Objective: The liver is exposed to many harmful agents, which cause hepatotoxicity due to oxidative
stress. Acrylamide is a carcinogenic agent and has toxic effects on the liver. In this study we aimed to
examine whether black carrot juice might protect rat liver from toxicities of acrylamide. Method: Thirty-
two male Wistar albino rats were divided into four equal groups as follows: control, acrylamide, black
carrot juice and acrylamide + black carrot juice All the treatments were administered every other day for
30 days. Liver tissues were analysed for routine histopathology and apoptosis whereas serum samples
were evaluated for oxidation state. Results: In the acrylamide group, severe histopathological damage,
including hepatocyte degeneration, sinusoidal dilatation, and passive hyperemia, along with a significant
increase in caspase-3 immunoreactivity was observed. Biochemically the serum total antioxidant status
decreased significantly, and the serum total oxidant status increased significantly. The histopathological
examination revealed significant amelioration of tissue damage in the acrylamide + black carrot juice
group as compared with that in the acrylamide group. Moreover, total oxidant status decreased
significantly, whereas the total antioxidant status increased significantly. Caspase-3 immunoreactivity also
decreased insignificantly. Conclusion: Black carrot juice appears to exhibit therapeutic effects against
acrylamide-induced hepatotoxicity due to its antioxidant properties.

Key words: acrylamide, black carrot juice, caspase-3, hepatotoxicity, total antioxidant status, total oxidant
status
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INTRODUCTION

Acrylamide (ACR) is a strongly reactive
organic compound, that is widely used in many
industries (Semla et al. 2017) including cosmetic
and dye (LoPachin et al. 2002) fibers, glue,
pharmaceutical, paper, textile, and
polyacrylamide gel electrophoresis (Kuklenyik et
al. 2005). In addition previous studies have
reported that smoking is an important source of
ACR in humans (Huang et al. 2007; Vesper et al.
2007). ACR also forms when foods containing
high amounts of protein and carbohydrate (e.g.,
fried foods, potato products, bread, crackers, and
cereals) are heated at high temperatures (Erdreich
& Friedman 2004; Jin-Heon et al. 2016). ACR
emanates as a result of the Maillard browning
reaction in which amino acids, mostly asparagine,
interact chemically with reducing sugars at
temperatures above 120 (Parzefall 2008). ACR
that forms as a by-product during the
frying/cooking process is defined as a
carcinogenic substance (Alturfan et al. 2012).
Acrylamide is categorized as probably
carcinogenic to humans (IARC 1994). ACR
exposure was reported as dangerous agent for
public health (Powers et al., 2013).The Food and
Agriculture Organization, United States Food and
Drug Administration, and World Health
Organization reported that ACR that forms in food
is a threat to human health (Rosen 2002).
Therefore, many studies have investigated the
toxicity of ACR and its possible effects on human
health, with some research concluding that it has
neurotoxic, genotoxic, and carcinogenic effects
(Acaroz et al. 2018; Friedman et al. 2008).
Oxidative stress has been documented in many
chemical-induced cellular damages (Wang et al.
2005). It leads increased production of reactive
oxygen species (ROS) and reducing of antioxidant
defense in the tissues (Zhu et al. 2008). ACR-
induced oxidative stress causes to cell damage by
effecting critical molecules, such as DNA and
proteins, and death (Mannaa et al. 2006).
Antioxidants can be taken in account as an
alternative way to combat ACR-induced toxicity
(Lakshmi et al. 2012). In a previous research,
natural antioxidants have been notified to reduce
ACR-induced toxicity (Hamdy et al. 2017). It has
been reported that phytochemicals can strengthen
endogenous cellular defense mechanisms and
have potential to prevent and treat diseases
(Houghton 2019). Phenolic agents present in
foods have been reported to have significant role
in defense against oxidative stress caused by ROS

(Tsao 2010). Anthocyanins increase physiological
activity and strengthen the health-promoting
aspects of foods because of their strong
antioxidant properties (Netzel et al. 2007). Black
carrot (BC) (Daucus carota L.) include
anthocyanins, phenolic acids and carotenoids as
basic phytochemicals. Anthocyanins in BC are
phytochemicals with high antioxidant capacity
and play a preventive role against several diseases
(Akhtar et al. 2017). Due to the high yield
potential of BC it is admitted one of the most
important vegetable among the top 10 vegetable
crops in the world (Dawid et al. 2015). As it has
high dietary value it plays a major role in human
nutrition (Garba et al. 2015). BC is rich in
anthocyanin as compared with the content in other
common fruits and vegetables (Espinosa-Acosta
etal. 2018) and contains relatively higher phenolic
content with high antioxidant potential (Kaur &
Kapoor 2002). Anthocyanins have been shown to
have  antioxidant  and anti-proliferative
characteristics against different cancer cell lines
(Wang & Stoner 2008). Akhtar et al. (2017) also
reported that the phytochemicals in BC exhibit
preventive effects against variety of diseases
including many types of cancer, diabetes mellitus,
cardiovascular diseases and oxidative stress.
There has not been any report in the literature that
investigated the therapeutic effects of BCJ against
ACR induced liver cytoxicity. Therefore we aim
to examine the possible ameliorative effects of
BCJ on ACR induced hepatotoxicity in a rat
model.

MATERIALS AND METHODS

Source and preperation of black carrot extracts

BC was purchased from a local grocer in
Adiyaman, Turkey (April 2019). After washing
with tap water, carrots were divided into small
pieces, passed through a domestic mixer, and
filtered, and administered to the animals by oral
gavage.

Chemicals

ACR was purchased as a commercial
preparation (Acrylamide, Cas no: 79-06-1, Acros
Organics, New-Jersey US)

Animals, diets and experimental designs
Thirty-two male Wistar albino rats aged
10-12 wk and weighing 200-250 g were divided
into four groups, with eight animals in each group.
Prior to the commencement of the experiment, the
rats were kept in cages for 7 d without any
treatments for adaptation. During the experimental
period, the rats were housed in cages at room
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temperature of 22 + 2° C under 12/12 h light/dark
conditions, with free access to food (standard
rodent diet) and water.

The treatment groups were as follows:
control group; 1 ml of physiological serum was
administered by oral gavage; Black carrot juice
(BCJ) group: 1 ml of BCJ was administered by
oral gavage; ACR group: 20 mg/kg of ACR was
administered via intraperitoneal injection (i.p.);
ACR + BCJ group: 20 mg/kg ACR was
administered by i.p. injection, followed by 1 ml of
BCJ. All the treatments were administered every
other day for 30 d.

The experiment was performed in
accordance with ethical guidelines for the care and
maintenance of laboratory animals, and the study
was approved by the animal experiments local
ethics committee of Adiyaman University
(protocol no.: 2019/30).

At the end of the experiment, the animals
were anesthetized using a combination of
ketamine (75 mg/kg) and xylazineHCI (10
mg/kg). Blood samples were collected by
intracardiac puncture. The sera from all the groups
were stored at -20° C until the biochemical
evaluation. Liver tissues were fixed with 10%
formalin for histopathological and
immunohistochemical examinations.

Histopathological examination

The liver tissues were processed in
accordance with routine histological procedures.
Sections 4-6 um thick were cut from paraffin
blocks and stained with hematoxylin-eosin and
then blindly analyzed using a light microscope
(Leica DM500, Germany) and digital image
analysis system (Leica DFC295, Germany).

Biochemical analysis

Serum samples were collected for analysis
of total antioxidant status (TAS), and total oxidant
status (TOS).

Measurements of TAS and TOS levels

To determine the degree of oxidant
damage, TAS and TOS levels were evaluated
using TAS and TOS (Rel Assay DiagnosticR,
Gaziantep, Turkey) assay test kits in accordance
with the method of Erel (2004, 2005). Prior to the
analysis, the serum samples were allowed to reach
room temperature. The TAS and TOS levels were
analyzed by colorimetric analysis using an

enzyme-linked immunosorbent assay (Anthos
Zenyth 200rt) in the biochemistry laboratory of
Adiyaman University Faculty of Pharmacy.

Immunohistochemistry for Caspase-3

Tissue sections 4-6 um thick taken from
paraffin blocks were transferred to polylysine-
coated slides. Deparaffinized and rehydrated
sections were boiled in a microwave oven for
antigen retrieval. The sections were then left at
room temperature for about 20 min for cooling.
Subsequently, hydrogen peroxide was applied for
5 min to block endogenous peroxidase activity. To
remove dye from the tissue sections, they were
washed with phosphate-buffered saline for 3 x 5
min, followed by the application of Ultra V Block
solution for 5 min. Next, caspase primary antibody
(ratio of 1/200) (Caspase 3, rabbit polyclonal 1gG;
ab2302; Abcam, London, UK) was applied for 60
min in a humidity chamber. The sections were
then treated with anti-mouse/rabbit IgG secondary
antibody for 30 min at room temperature. Finally,
the sections were washed again with phosphate-
buffered saline and incubated with streptavidin
peroxidase. Microscopic images were taken by
using a solution of 3-amino-9-ethylcarbazole
substrate  and of 3-amino-9-ethylcarbazole
chromogen tissues stained with Mayer’s
hematoxylin and covered with aqueous medium.

Histopathological scores for
immunoreactivity were based on the prevalence
interval, as follows: < 25%, 0.1; 26-50%, 0.4; 51—
75%, 0.6; and 76-100%, 0.9. Staining intensity
was classified as absent (0), very low (+0.5), low
(+1), moderate (+2), and severe (+3). The
histopathological score was determined as the
prevalence xstaining intensity.

Statistical Analysis

The SPSS 15.0 program was used for
statistical analysis. For data with a normal
distribution (TAS, TOS, and immunoreactivity
variables), the Kolmogorov—Smirnov test was
applied. For between-group comparisons of TAS,
TOS, and immune variables, a one-way analysis
of variance (ANOVA) was used. Levene’s test
was performed for testing the homogeneity of
variances. Tukey’s multiple comparison test was
used to reveal differences between groups of
significant variables. The results are presented as
mean + standard deviation (SD). The level of
statistical significance was considered as p < 0.05.
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RESULTS
Histopathological results

In the histopathological evaluation of liver
tissues (Figure 1), normal histological structures
were observed in the control and BCJ groups. In

the ACR group, hepatocyte degeneration,

sinusoidal dilatation and passive hyperemia were
observed. As compared with the ACR group,
hepatocyte degeneration, sinusoidal dilatation,
and passive hyperemia decreased significantly in
the ACR + BCJ group.

Figure 1: H-E stained liver tissues. The scale bars represent 200 pm. (a) Normal histological structure of liver
tissue in the control group. (b) Normal histological structure liver tissue in the BCJ group (c) Degenerated
hepatocytes (black arrow), sinusoidal dilatation (red arrow) and passive hyperemia (arrow head) in the ACR group.
(d) Significantly decreased degenerated hepatocytes (black arrow), sinusoidal dilatation (red arrow head) and

passive hyperemia (arrow head) in the ACR + BCJ group.

Effects of ACR and BCJ on TAS and TOS
levels

In the biochemical analysis, serum TAS
and TOS (Table 1) levels in the control and BCJ
groups were similar. As compared with the control
group, TAS levels decreased significantly and
those of TOS levels increased significantly in the
ACR group (p < 0.05). In the ACR + BCJ group,
TAS levels were significantly increased, where as
TOS levels were significantly decreased as
compared with those in the ACR group (p < 0.05).

Table 1: Serum levels of TAS and TOS

Immunohistochemial results

The immunohistochemical staining of
caspase in the liver (Figure 2) revealed that
similar caspase-3 immunoreactivity was observed
in the control group and BCJ group (p > 0.05). As
compared with the control group, caspase-3
immunoreactivity increased significantly in the
ACR group (p < 0.05). As can be seen in Table 2,
caspase-3 immunoreactivity decreased in the ACR
+ BCJ group as compared with that in the ACR
group, although the decrease was statistically
insignificant (p > 0.05).

Table 2. Caspase-3 immunoreactivity

GROUPS TAS TOS

CONTROL(n=8) 2.592%+1.88 15.86°+2.63 GROUPS Caspase-3
BCJ (n=8) 2.4863%+1.31 15.85°+1.97 CONTROL (n=8) 0.83°+0.17
ACR (n=8) 2.104°+1.65  25.04%2.35 BCJ (n=8) 0.88+0.2
ACR+BCJ (n=8)  2.420%42.46  21.27°+2.21 ACR (n=8) 1.992+0.64
p* values <0.001 <0.001 ACR+BCJ (n=8) 1.413+0.64
acMeans within the same column with differing p* values <0.001

superscripts are significantly different (p <0.05). *One
Way Anova

abMeans within the same column with differing
superscripts are significantly different
(p <0.05). *One Way Anova
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Figure 2: Livers stained with Streptavidin biotin peroxidase complex method with Mayer’s Hematoxylin
counterstain for caspase-3 immunoreactivity. The scale bars represent 200 um. Caspase-3 immunoreactivity in
hepatocytes (black arrows) and sinusoidal cells (red arrows) of liver tissue. (a) Control group. (b) BCJ group. (c)

ACR group and (d) ACR + BCJ group.

DISCUSSION
ACR has been reported to have
neurotoxic,  genotoxic,  hepatotoxic, and

teratogenic effects (Lai et al. 2017) due to its rapid
absorption and biodistribution ability (Al-Serwi &
Ghoneim 2015). It causes damage to many
parenchymal organs including the liver by
inducing free radical production (Dahiru et al.
2010). Injury of the liver is an important public
health issue as it has significant role in detoxifying
and depositing both endogenous and exogenous
compounds (Zhang et al. 2012). Toxic effects of
ACR have been shown in many organs such as the
brain, heart, lung, liver, kidney, and testis (Acaroz
et al. 2018). ACR cytotoxicity is attributed to
oxidative stress (Rodriguez-Ramiro et al. 2011).
Liver is a target organ for ACR toxicity, but
promising restorative results were obtained with
some natural compounds (Acaroz et al. 2018;
Altinoz et al. 2015; Alturfan et al. 2012; Gedik et
al. 2017; Hamdy et al. 2017) in experimental
ACR-induced liver injury.

Polyphenols are the main class of phenols
found in fruits and vegetables and have many
bioactive properties. (Ignat et al. 2011). These
phenolic compounds have anti-aging, anti-
inflammatory and antiproliferative properties
(Stan et al. 2008) and protect cells against
oxidative stress caused by excess reactive oxygen
species with their antioxidant capacities (Tsao
2010). BC includes relatively higher phenolic
content (Kaur & Kapoor 2002). Phytochemicals in
carrots have been reported to have significant
effects on human health due to their, antioxidant,

anti-inflammatory, antibacterial, plasma lipid
modification, anticancer and serotogenic potential
(Ahmad et al. 2019). In previous studies BC have
been reported to be effective on modifying
cholesterol absorption, bile acid excretion,
increases antioxidant capacity (Nicolle et al. 2003)
and act as a defense system to combat against
oxidative stress (Akhtar et al. 2017).

The course of oxidative stress depends on
the rate of oxidant formation and all of the
antioxidant molecules (Davies 2000). Under
normal circumstances, a  physiological
equilibrium exists between pro-oxidant species
and antioxidant molecules. On the other hand
deterioration of this homeostasis leads oxidative
stress resulting pathological conditions (Zafar et
al. 2019). It is possible to measure activity of
different oxidant species and antioxidants in
laboratories separately in serum, but this might be
time-consuming, labor-intensive and costly
process also require different and complicated
techniques. (Tarpey et al. 2004). Therefore
evaluating total oxidant status (TOS) and total
antioxidant status (TAS) may count cumulative
and synergistic effects of all oxidant and
antioxidant compounds and is a simple way to
exhibit oxidant/antioxidant status (Erel 2004,
2005; Horoz et al. 2006). In the current study TOS
was evaluated as an oxidant marker, and TAS, as
an antioxidant marker. Similar to previous studies
(Erdemli et al. 2019; Gedik et al. 2017; Yerlikaya
etal. 2013) we observed decreased TAS levels and
increased TOS levels in serum samples of the
ACR treated rats which indicates ACR
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administration led oxidative stress in the treatment
groups. BCJ treatment decreased TOS levels and
increased TAS levels in a significant manner in the
ACR + BCJ group compared to the ACR group.

However BCJ administration caused
significant decrease in these enzyme levels in
ACR+BCJ group compared to ACR group. These
biochemical ameliorating effects of BCJ could be
related to its antioxidant (Ahmad et al. 2019) and
scavenging free-radical generation properties
(Zhang & Hamauzu 2004).

Previous studies conducted with ACR in
rats, significantly damaged hepatocytes (Altinoz
et al. 2015), cell necrosis, cytoplasmic
vacuolation, disarrangement and mild
degeneration of hepatocytes (Ansar et al. 2016),
and chronic periportal inflammatory cell
infiltration with central vein blood deposition
were reported (Singh et al. 2015). In addition ACR
has been reported to cause hemorrhage, necrosis
and intracytoplasmic vacuolization in
hepatocytes, and inflammatory cell infiltration
(Hamdy et al. 2017). Acardoz et al. (2018)
demonstrated that ACR-treated rats showed
sinusoidal dilatation, degenerated hepatocytes and
kuppfer cell activation in the liver tissue. All these
histopathological results showed that exposure to
ACR treatment caused to hepatotoxicity. As in
previous reports, the current study clearly
demonstrated that ACR treatment caused severe
histopathologic changes such as degenerated
hepatocytes, sinusoidal dilatation and passive
hyperemia. On the other hand BCJ treatment
exhibited a decrease in all these histopathological
results when compared to ACR group because it
has protective and therapeutic (Akhtar et al. 2017)
also antioxidant effects (Tanriseven et al. 2020;
Yen et al. 2008) against different diseases as
determined in the current study.

The balance that exists between pro-
apoptotic and anti-apoptotic proteins has an

important role for cell survival. The increase in
apoptotic proteins is related to cell death (Zheng et
al. 2016), and caspases, one of the factors affecting
apoptosis, have significant roles in this process
called programmed cell death (Cohen 1997). Most
important markers of apoptosis are partially or
fully involved in a number of structural and
regulatory protein cleavages (Pena-Llopis et al.
2003). Caspase-3 has been reported to be the
principal effective caspase that cleaves the
majority of the proteins in apoptotic cells (Porter
& Janicke1999), and has an important role in
apoptosis (Boeddeker et al. 2015). The course of
apoptosis was examined through caspase-3 in this
study, and an upregulated caspase-3
immunoreactivity was determined to be a result of
ACR induced toxicity in accordance with the
literature in cerebrum, cerebellum, hippocampus,
spinal cord and sciatic nerve (Elblehi et al. 2020)
stomach (EI-Mehi & EI-Sherif 2015) retina
(Albalawi et al. 2018), ovary (Hutas-Stasiak et al.
2013) and leydig cells (Li et al. 2017). Apoptotic
effect of ACR could be attributed to its inductive
effect on cell death (Kacar et al. 2018). An
insignificant deprivation of apoptotic activity in
the ACR + BCJ group was observed compared to
the ACR group.

CONCLUSION

In conclusion, BCJ exhibited ameliorative
effects by normalizing hepatic architecture and
regulating TOS and TAS levels significantly,
which also slightly decreased caspase-3
immunoreactivity. The results of the present study
suggest that BCJ can reduce oxidative stress in
liver tissue. Thus, BCJ consumption is
recommended as it may have a potential in
delaying the progression of hepatic damage in
ACR-related hepatotoxicity and preventing
associated complications.
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