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Abstract

Apigenin (4’, 5, 7-trihydroxyflavone, AP), a dietary flavonoid, is reported to have several therapeutic ef-
fects in different diseases including cancer. In the present study, in order to explore the potential mechan-
ism and provide the references for further studies, we investigated the effect of apigenin at various dosag-
es on the hepatic oxidative stress of male rats. Totally 48 SD male rats were randomly divided into control
group (saline, 1 ml/100g-bw), low-dose group (AP, 234 mg/kg-bw), middle-dose group (AP, 468 mg/kg-bw)
and high-dose group (AP, 936 mg/kg-bw). The rats were administered with apigenin or saline via intraga-
striation once a day, 6 days per week, and 5 consecutive weeks. Rats were sacrificed and the livers were
harvested and then immediately preserved at —20°C. Liver homogenate was prepared before detection.
Hepatic malondialdehyde (MDA), nitric oxide syntheses (NOS), superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GSH-Px), total antioxidant capacity (T-AOC) and glutathione (GSH)
were determined by colorimetric methods according to the provided procedures. The weights of liver and
spleen in apigenin treatment groups did not reveal statistically significant difference when compared with
that in the control group (P > 0.05). Total protein (TP), aloumin (ALB) and globulin (GLO) in apigenin
treatment groups were significantly lower than those in the control group (P < 0.05). SOD in the middle-
dose group (AP, 468 mg/kg-bw) and high-dose group (AP, 936 mg/kg-bw) were significantly higher than
that in the control group (P < 0.05). T-AOC, CAT and GSH-Px in apigenin treatment groups were signif-
icantly lower than those in the control group (P < 0.05). In high-dose AP group (AP, 936 mg/kg-bw), api-
genin can result in the reduction of T-AOC, thus leading to the oxidative damage of liver tissues. In con-
trast, in middle-dose AP group (AP, 468 mg/kg-bw), apegenin can reduce the elimination capacity of oxy-
gen free radicals.
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1. Introduction

Flavonoids are the largest subclass of polyphenols [1], and have gained increasing attention due to their potential
roles in promoting human health, especially cardiovascular health. In numerous in vitro and in vivo studies, anti-
allergic, anti-inflammatory, antiviral or antioxidant properties are attributed to flavonoids [2]. Apigenin (4°, 5,
7-trinydroxyflavone, AP), (Figure 1) a natural plant flavone, is widely distributed in numerous vegetables and
fruits, such as parsley, onion, orange, tea, and chamomile. Modern pharmacological studies have confirmed that
apigenin has anti-inflammation, anti-mutagenesis, anti-tumor, anti-proliferation and anti-oxidation properties,
and can lead to the decrease in ischemia and hypoxia-reoxygenation-induced damage [3]. It is reported to have a
therapeutic effect on different diseases including cancer [4]. Apigenin unlike quercetin, kaempferol and other
flavonoids does not exhibit genotoxicity or mutagenicity [5]. Therefore, it has gained particular interest in recent
years as a promising health-promoting agent. The toxicity of apigenin, however, is less explored, and the reports
regarding to apigenin are scanty in literature.

Recently, apigenin has attracted tremendous attention from scientists due to its application in therapeutics [6].
However, few reports have demonstrated that apigenin can produce phenoxyl radicals [7] or reactive oxygen
species (ROS) [8] [9] and induce cytotoxicity [10] or clastogemcity [11] in different in vivo models. Chemical
Selection Working Group of FDA, USA (2000) recommends developmental toxicity and chromosomal aberra-
tion assays for apigenin [4]. This study has explored its toxicity on the liver tissues of rats following a single in-
tragastric administration.

2. Materials and Methods
2.1. Animals

Forty-eight 8 - 9 weeks old SD rats (male 180 - 220 g), [Certificate number SCXK [Gan] 2011-0001-0001176]
were purchased from Gansu Traditional Chinese Medical School Medicine Laboratory Animal Center [Certifi-
cate number SCXK [Gan] 2011-0001-0002756] for this experiment. The animals were maintained under stan-
dard laboratory conditions (12 h light, 12 h darkness, temperature 18°C - 23°C), and normal rat chow and regular
tap water were available. These rats were allowed to acclimatize to the laboratory environment for 4 days prior
to the study.

2.2. Chemicals and Reagents

Apigenin [batch no. HK20120405] was purchased from Shanxi Huike Botany Development Co., Ltd. Company.
The purity of purchased apigenin was higher than 98% as determined by HPLC. Hepatic MDA [batch no.
20121224], NOS [batch no. 20121227], SOD [batch no. 20121228], CAT [batch no. 20130115], T-AOC [batch
no. 20121229] and GSH-Px [batch no. 20121228] were purchased from Nanjing Jiancheng Bioengineering In-
stitute. Hepatic GSH [batch no. E20130114019] was purchased from Shanghai Jingtian Bioengineering Institute.

2.3. Apigenin Administration

The experimental rats were randomly divided into 4 groups such as the control group (saline, 10 mi/kg-bw),
low-dose group (AP, 234 mg/kg-bw), middle-dose group (AP, 468 mg/kg-bw) and high-dose group (AP, 936
mg/kg-bw), and 12 rats in each group. The rats were administered with apigenin or saline every 6 days and sa-
crificed on the 35™ day after the treatments.
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Figure 1. Structure of apigenin.



J. W. Liu et al.

2.4. Blood Collection and Serum Biochemical Parameters

Autopsy blood was withdrawn from each animal by cardiac puncture, collected into Eppendorf tubes, allowed to
stand undisturbed for 2 hours and centrifuged at 3000 r/min for 10 min. Serum was separated and the levels of
TP, ALB, GLO, ALT and AST were determined by HITACHI7180 automated biochemical analyzer.

2.5. Biochemical Parameters of Liver Tissue

Liver tissue homogenate was used for the assays of antioxidant enzymes. Partial hepatic tissues (0.2 - 0.4 g)
were harvested and rapidly frozen at —20°C for further analysis. Hepatic tissues were rapidly cut into small pie-
ces in ice-cold normal saline before detection and the tissue homogenate (10%) was centrifuged at 3500 r/min at
4°C for 10 min. Hepatic MDA, NOS, SOD, CAT, T-AOC, and GSH-Px activities and protein contents were de-
termined by colorimetric methods according to the provided procedures. Hepatic GSH was determined by en-
zyme-linked immunosorbent assay methods according to the manufacturer’s instructions.

2.6. Liver Histology

Liver tissue was fixed in 10% buffered formalin for histological investigations. Fixed liver tissues were washed
overnight, dehydrated through graded alcohols and embedded in paraffin wax. Serial sections of about 5 um
thickness were stained with hematoxylin and eosin (H.E) for histological examinations.

2.7. Statistical Analysis

Data were expressed as mean + SD, and the one-way ANOVA followed by a post hoc LSD test was used for the
comparison between groups. The statistical analysis was conducted using SPSS16.0, and P < 0.05 was consider-
ed as statistically significant difference.

3. Results

3.1. Effect of Apigenin on Body Weights of Male Rats

The activity and diet of the rats were normal after the treatment for 35 days, the body weights of male rats re-
vealed an obvious increase, and no significant toxicity in experimental rats was observed (Figure 2).

3.2. Effect of Apigenin on Organ Weights of Male Rats

The weights of liver and spleen in four dose groups were no statistically significant difference (P > 0.05) when
compared with that in the control group (Table 1).
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Figure 2. Effect of apigenin on the body weight of male rats.
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Table 1. Effect of apigenin on relative organ weights of rats after treatment for 35 days (X £ ).

Body weight Liver weight Spleen weight Liver/bodyweight Spleer)/body
Group N weight
(9) @) @) (%) (%o0)
Control group 12 310.67 + 26.77 10.92 +1.66 0.62+0.11 3.50+0.27 1.99 +0.32
Low-dose group 12 297.58 £ 25.33 9.98 +1.29 0.58 +0.04 3.38+0.59 1.88 £0.04
Middle-dose group 12 305.08 £ 22.53 10.06 + 1.06 0.58 +0.08 3.30+0.48 191+0.24
High-dose group 12 297.50 £ 13.44 10.06 +0.26 0.57 £ 0.06 3.38+0.31 1.89+0.19

3.3. Effect of Apigenin on Biochemical Parameters of Male Rats

After administration of apigenin for 35 days, the levels of serum TP, ALB and GLO in low-dose group, middle-
dose group, and high-dose group were significantly lower than those in the control group (P < 0.05) (Table 2).

3.4. Effect of Apigenin on Activity of Antioxidant Enzymes in Rats Liver

The hepatic SOD activities in the middle-dose group and high-dose group were significantly lower than those in
the control group (P < 0.05). The hepatic CAT, GSH-PX and T-AOC activities in the low-dose group, middle-
dose group, and high-dose group were significantly lower than those in the control group (P < 0.05). The hepatic
MDA content in the low-dose group was significantly higher than that in the control group (P < 0.05); however,
hepatic MDA contents in the middle-dose group and high-dose group were significantly lower than that in the
control group (P < 0.05) (Table 3 and Figure 3).

3.5. Rats Liver Histological Changes (Figure 4)

1) Control group, Hepatic tissue structure is normal in the control group (H.E 400x).

2) Low-dose group, Hepatocyte cytoplasm rarefaction, spotty necrosis scattering in hepatic lobule (H.E
400x).

3) Middle-dose group, at the periphery of central vein infiltrated by inflammatory cells (H.E 400x).

4) High-dose group, severe hydropic changes and degeneration of cytoplasm within hepatocytes were ob-
served (H.E 400x).

4. Discussion

The weights of organs and organ coefficients are the most important biological characteristics of experimental
animals, and can reflect functional status of the animals during biomedical research. In the pharmacological ex-
periments, the weights of organs and major organ coefficients should be tested. The change of organ coefficients
can reflect chemical poison. Pathological changes can be the circumstantial evidence, and also be the important
clue for exploring target organ. In the present study, the results showed that the weights of liver and spleen did
not reveal an obvious significant difference (P > 0.05) when compared with that in the control group, suggesting
that the intragastric administration of apigenin did not affect food intake during the growth period of the rats.

Hematological characteristics are important for animals and can be used as an effective and sensitive index to
monitor physiological and pathological conditions of experimental animals [12]. The TP, ALB and GLO gener-
ated in the liver were used as the clinical indicators to evaluate nutritional status of the patients. When functional
abnormality was occurred in the liver, the decreased albumin was observed. The degree of decreased albumin is
parallel to liver injury. Whereas the ALB and A: G ratios were significantly reduced in the apigenin group when
compared with those in the control group, the reduction of ALB is due to a negatively-acute phase protein and
decrease in concentration following an inflammatory stimulus [12]. In the present study, the results showed that
total protein, albumin and globulin in the low-dose group, middle-dose group and high-dose group were signifi-
cantly lower than those in the control group (P < 0.05). It was suggested that apigenin could cause liver damage
at those dose.

A large number of evidences suggest that intracellular metabolism of flavonoids may be grouped into three
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Table 2. Effect of apigenin on biochemical parameters of male rats (X s, n = 12).

TP ALB GLO
Group AlG
(g/L) (g/L) (mmol/L)
Control group 64.34 +9.64 26.23 +3.66 38.1+6.18 0.69 +0.04
Low-dose group 55.08 + 5.52" 22.96 +3.12" 33.78+4.72" 0.68 +0.05
Middle-dose group 52.36 + 3.26 21.08 +1.66" 30.80 +2.41" 0.69 +0.05
High-dose group 55.75 +3.12" 22.93+1.45 32.90+2.16" 0.70 +0.04
ALT AST
Group ALT/AST
(umol/min-L) (umol/min-L)
Control group 82.80 + 24.86 151.70 + 56.20 0.56 + 0.08
Low-dose group 69.00 + 13.53 131.30 + 39.05 0.54 +0.09
Middle-dose group 67.90 £ 13.54 128.10 +32.83 0.57£0.10
High-dose group 65.36 £ 22.53 127.45 + 60.77 0.55+0.11
Note: “P < 0.05 vs. The control group.
Table 3. Effect of apigenin on the activities of antioxidant enzymes in the livers of rats (X +s, n = 12).
SOD CAT GSH-Px GSH
Group
(U/mg) (U/ml) (U/mg) (ng/ml)
Control group 2481 +£2.72 68.66 + 6.50 403.66 + 92.83 3.56 +0.76
Low-dose group 25.79 + 4.62 53.37 + 8.89" 290.37 +57.71" 2.69 +0.90
Middle-dose group 19.59 + 3.16" 36.48 +3.79" 346.79 + 41.75" 3.41+1.29
High-dose group 19.48 +1.91" 4297 +6.11" 243.18 £ 42.89" 4.26+1.29
MDA NOS
Group T-AOC SOD/MDA
(nmol/mg) (U/ml)
Control group 0.48 +0.06 0.74+0.12 0.49 +0.17 55.91 + 8.42
Low-dose group 0.66 +0.13" 0.44 +0.02" 0.74+0.19" 4262 +10.17"
Middle-dose group 0.31+0.05" 0.44 +0.09" 0.54 +0.14 70.71 £ 20.10"
High-dose group 0.40 +0.07" 0.37+0.08" 0.61+0.10 51.96 + 12.08

Note: “P < 0.05 vs. the control group.

categories: 1) conjugation with thiols, particularly GSH, 2) oxidative metabolism, and 3) P450-related metabol-
ism [13]. GSH constitutes the first line of defense against free radicals and the depletion of mitochondrial GSH
will lead to necrosis as a result of the inability to defend the normally produced ROS in mitochondria [14]. GSH,
a sulfhydryl-reducing agent that normally assists in the transport of amino acids, quenches free radicals and
helps to regulate the internal redox environment of cells, which has been proved to bring health benefits [15].
SOD can accelerate the conversion of superoxide free radicals to hydrogen peroxide, while CAT or GPX can
convert H,0, to H,O [16]. GSH-Px can remove H,0, by coupling its reduction with the oxidation of GSH.
GSH-Px can also reduce other peroxides such as fatty acid hydroperoxides. These enzymes are present in the
cytoplasm at the millimolar level and also present in the mitochondrial matrix. Most animal tissues contain both
CAT and GSH-Px [17]. MDA level indirectly reflects the degree of cellular damage attacked by free radicals
and is widely used as an index of free radicals-mediated lipid peroxidation [14]. The decomposition of perox-
idized lipids yields a variety of end products including MDA, and the imbalance between the process of free
radical formation and the endogenous defense system can result in oxidative stress, which is considered as a
major reason of various diseases [15].

We used hepatic MDA, GSH and T-AOC levels to evaluate oxidative stress. The hepatic CAT, GSH-PX,
MDA and T-AOC activities in the low-dose group, middle-dose group and high-dose group were significantly
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lower than those in the control group (P < 0.05). These results suggest that apigenin can lead to lipid peroxida-
tion the livers of the rats. In the present study, an increase in MDA was presumably associated with the in-
creased free radicals, which confirmed the fact that these free radicals inhibited the activities of SOD, CAT and
GSH-Px. The superoxide ion free radicals are also capable of inhibiting the activities of SOD and CAT. The ob-
served reduction in enzyme activity may be attributed to the increase of ROS.
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Figure 3. The levels of oxidative stress parameters. (A) MDA, (B) NOS, (C) SOD, (D) CAT, (E) T-AOC, (F) GSH-Px, (G)
GSH. The asterisks indicate significance of differences (P < 0.05) in comparison to control group.

Figure 4. Histologucal examination of liver sections.

T-AOC reflects the total antioxidant capacity and represents the cumulative action of all antioxidants present
in the liver [18]. T-AOC is a sensitive and reliable marker to detect in vivo change of oxidative stress, which
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may provide more biologically relevant information than that from measured concentrations of individual anti-
oxidants [18]. Our present results also showed that T-AOC was significantly decreased in the apigenin treatment
groups when compared with that in the control group, which indicated that the reduction of antioxidant enzymes
could cause the decline of T-AOC, thus resulting in oxidative stress in liver tissues.

5. Conclusion

Although little is known about these metabolites, the evidence from previous studies hints that these cellular
metabolites may execute the modulated effects on flavonoids [13]. Similarly, apigenin can induce oxidative
stress through different pathways and result in hepatic toxicity [19]. However, further studies are required to elu-
cidate its detailed signal pathways.
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