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ABSTRACT

Introduction: Apricot (Prunus armeniaca L.) has been widely used for the treatment of several
disorders such as liver diseases, but the hepatoprotective and anticancer activities of its seeds
were not studied before. In this study, we evaluated the pharmacological effects of apricot
seeds extracts and amygdalin on prevention of liver damage and treatment of hepatocellular
carcinoma.

Methods: Amygdalin contents of apricot seeds in ethanolic extracts were determined using
high performance liquid chromatography (HPLC) then, the ethanolic apricot seeds extract
and amygdalin were evaluated for its hepatoprotective activity against carbon tetrachloride-
induced hepatotoxicity and anticancer activity against N-nitrosodiethylamine (NDEA)-
induced hepatocarcinogenesis.

Results: The amount of amygdalin was 5.72 g and 10.22 g/100 g extract for 70% and 99.9%
ethanolic apricot seeds extracts, respectively. Pretreatment of the rats with 70% and 99.9%
ethanolic apricot seeds extracts (100 mg/kg), amygdalin and silymarin (50 mg/kg) prevented
elevation in liver function parameters such as alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP) caused by carbon tetrachloride injection
with significant increase in albumin, total proteins, and no effect on total direct bilirubin
when compared to those in hepatotoxic group. Both extracts also showed anticancer activity
against hepatocellular carcinoma via diminishing the elevated serum levels of AST, ALT, ALP,
total, direct bilirubin, albumin, total proteins, alpha-fetoprotein, malondialdehyde (MDA)
and nitric oxide (NO) and elevating the decreased hepatic reduced glutathione (GSH) level
when compared with NDEA- intoxicated group.

Conclusion: Apricot seeds possess hepatoprotective and anticancer activities that justify its
traditional use, and its potential for the treatment of liver diseases including hepatocellular
carcinoma.

Implication for health policy/practice/research/medical education:

This work provides information about the pharmacological activities of apricot seeds and its major component amygdalin
in prevention of liver damage induced by carbon tetrachloride and treatment of hepatocellular carcinoma induced by
nitrosodiethylamine in rats. Our results indicate that apricot seeds or amygdalin as pure powder can treat hepatocellular
carcinoma and prevent liver damage. So, they might be used for therapy or as preventive drug.

Please cite this paper as: Ramadan A, Kamel G, Awad NE, Shokry AA, Fayed HM. The pharmacological effect of apricot
seeds extracts and amygdalin in experimentally induced liver damage and hepatocellular carcinoma. ] Herbmed Pharmacol.
2020;9(4):400-407. doi: 10.34172/jhp.2020.50.

Introduction

liver disease (2). Chronic liver diseases are characterized

Injury of the liver is one of the main health challenges in
the world (1). Several etiologies such as viral infection,
exposure to toxins, drug overdose and chronic cholestatic
diseases have been associated with the development of
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by bad sequels started with steatosis to chronic hepatitis,
fibrosis, cirrhosis, and finally hepatocellular carcinoma
(HCC) (3). Hepatocarcinogenesis initiated via sustained
inflammation with release of free radicals and lipid
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peroxidation which in turn interact directly with DNA,
damaging specific genes that control cell growth and
differentiation (4). The repetitive chronic injury and
cellular regenerative events could result in genomic
aberrations and mutations of tumor-suppressor genes
leading to the development of HCC (5).

Lacking of safe drugs for the treatment of liver diseases
have shown a significant concern in finding natural
products used in medicinal materials or foods (6).
Medicinal plant extracts had gained increasing interest as
non-drug remedy for several diseases. This may be due to
their active constituents that modulate oxidative stress and
cell damage (7). Phytochemicals with anti-inflammatory,
antibacterial, anti-oxidant, and anti-mutagenic properties
are extremely attractive potential agents for preventing
diseases in humans (8).

Apricot (Prunus armeniaca L.), the Prunus species
of Rosaceae family, has become a product of great
interest, being a rich source of health beneficial nutrients
(carbohydrates, vitamins A, C and E, minerals, fibers)
and phytochemicals (polyphenolics, carotenoids and
glycosides) (9). It is well-known that apricot is rich
in phenolic substances such as catechin, epicatechin,
p-coumaric acid, caffeic acid, ferulic acid and their esters
(10). Chlorogenic acid is the dominant ester in apricot
(11). A variety of pharmacological effects of apricot and
its kernel are reported including, antiparasitic, sedative,
anti-inflammatory, antimicrobial, antimutagenic,
antispasmolytic, antitussive, anticancer, antiaging,
antiatherosclerating, ~ antianginal,  cardioprotective,
hepatoprotective, renoprotective and  antioxidant
(especially p-carotene) (12).

Armeniacae semen, the seed of the apricot, be used
traditionally to relieve fever, stop cough. It is used for the
treatment of asthma, bronchitis, emphysema, constipation,
nausea, leprosy, and leukoderma (13). Apricot kernel
paste can heal vaginal infections. The kernel oil has been
used in cosmetics and as a pharmaceutical agent (laxative
and expectorant) (14).

Apricot seeds contain a chemical substance is known
as Amygdalin which is naturally cyanogenic glycoside
known as vitamin B17 (15). It can be used for treating
skin diseases such as furuncle, acne vulgaris and dandruff,
preventing and treating migraine, hypertension, chronic
inflammation, constipation and other diseases (16).

Amygdalin can specifically attack cancer cells without
affecting other healthy cells, it affects cell cycle inducing
apoptosis with cytotoxic effect through interaction with
B-glucosidase enzyme which present only in cancer cells
inducing hydrolysis of glycosidic bond between sugar
and aryl group with inhibition of cytochrome oxidase
enzyme and releasing large amount of hydrocyanic acid
which induces cell death, but the normal cells contain
rhodanese enzyme which convert the hydrocyanic acid
to non-toxic substance (17). The present study was aimed
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to evaluate the hepatoprotective and anticancer potential
of ethanolic apricot seeds extracts and amygdalin
against experimentally-induced liver fibrosis and
hepatocarcinogenesis.

Materials and Methods

Seeds

Apricot seeds were collected from Edfina factory from
Alexandria, washed, dried, and the seeds were splitted
from the shell.

Extract preparation

Ethanolic extract 99.9%: The seeds were soaked in 99.9%
ethanol solution then grinded and boiled for 100 min., at
55°C. Extract was filtered and evaporated.

Ethanolic extract 70%: The seeds were soaked in 70%
ethanol solution with 6% citric acid then grinded and
boiled for 100 minutes, at 55°C. Extract was filtered and
evaporated.

Quantitative evaluation of amygdalin in both extracts
using HPLC

The HPLC system used was Smart Line, Knauer, Germany,
equipped with a kinetex XB-C 18 column 100 mm x 4.6
mm (Phenomenex®, USA), operated at 30°C with mobile
phase methanol: water 15:85 (V/V) and flow rate 0.7 mL/
min. and injected volume 20 pL The UV detector set at
215 nm and data integration by ClarityChrom® software.

Experimental animals

Mature male albino Wistar rats were used, weighing from
200 to 250 g obtained from laboratory animal colony,
Helwan, Egypt and housed in laboratory animal house at
pharmacology department, faculty of veterinary medicine,
Cairo University and received standard pellets and water
ad-libitum, subjected to 12 hours light and 12 hours dark.
All procedures described were reviewed and approved by
the University Animal Ethics Committee.

Chemicals

All chemicals were purchased from Sigma USA, Aldrich.
Solvents were purchased from El Nasr Pharmaceutical
chemicals Co. Egypt.

Hepatoprotective effect

This experiment was carried out according to (18). The
animals were divided into six groups (n = 7), as follows:
Group I served as normal control, received paraffin oil.
Group II kept as hepatotoxic group. Group III received
silymarin (50 mg/kg, P.O) for 6 weeks as a standard
group. Group IV received amygdalin (50 mg/kg, P.O) for
6 weeks. Animals of group V and VI were treated with
70% and 99.9% ethanolic extracts (100 mg/kg, P.O) for 6
weeks. After 6 weeks, hepatotoxicity was induced in all
animals except group I by intraperitoneal injection with

http://www.herbmedpharmacol.com

Journal of Herbmed Pharmacology, Volume 9, Number 4, October 2020 401


http://www.herbmedpharmacol.com

Ramadan et al

fresh mixture of equal volume of carbon tetrachloride and
paraffin oil (1:1) (1 mL/kg). After 24 hours, blood samples
were collected from median canthus of eye.

Anticancer effect

Sixty male albino Wistar rats weighing 200-250 g were
divided into 6 groups (n = 10). Group I (normal control),
received vehicles of drugs only (received 1 mL saline/
kg, IP, single dose then received liquid paraftin in a dose
of 3 ml /kg, SC weekly for 8 weeks). The other 5 groups
were given a single IP injection of N-nitrosodiethylamine
(NDEA) in a dose of 100 mg/kg (19) followed by a weekly
SC injection of carbon tetrachloride (CCl4) (3 mL/kg) for
8 weeks (20). Group II kept as control positive (hepatotoxic
group). Group III (standard group) received silymarin
orally at a dose of 50 mg/kg/d for 8 weeks (21). Groups IV
and V were orally administered apricot seeds extract 70%
and 99.9% at a dose of 200 mg/kg/d for 8 weeks. Group
VI received amygdalin in a dose of 50 mg/kg for 8 weeks.
At the end of the experimental period (16 weeks), blood
samples were collected from median canthus of the eye.
Rats were sacrificed and their livers were immediately
removed, kept at —80°C for further investigation.

Statistical analysis

Data were presented as means + SE and analyzed using
commercial software statistical package for social science
(SPSS® version 16) compared by one-way ANOVA and
individual differences were determined by Duncan test.
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The significance level at P value < 0.05 was considered
significant.

Results

Quantitative evaluation of amygdalin in both extracts
using HPLC

The amount of amygdalin in both 70% and 99.9% ethanolic
apricot seeds extracts determined by using HPLC was 5.72
and 10.22 g/100 g extract. The chromatograms of HPLC
are listed in Figure 1.

Hepatoprotective effect

The hepatoprotective effects of ethanolic apricot seeds
extracts and amygdalin were evaluated and recorded
in Figures 2-4. Oral administration of 70% and 99.9%
ethanolic apricot seeds extracts (100 mg/kg), amygdalin
(50 mg/kg) and silymarin (50 mg/kg) daily for 6 weeks
prior to induction of hepatotoxicity showed significant
hepatoprotective effects by significant decrease in liver
enzymes (alanine aminotransferase [ALT], aspartate
aminotransferase [AST], alkaline phosphatase [ALP]) and
significant increase in some serum constituents such as
albumin, total proteins without any effect on total, direct
bilirubin when compared with CCL4 control intoxicated

group.

Anticancer effect
The effects of ethanolic apricot seeds extracts and
amygdalin on ALT, AST, ALP, albumin, total proteins,
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Figure 1. Chromatograms of high performance liquid chromatography using amygdalin 100 ppm (A), amygdalin 200 ppm (B), 70% ethanolic apricot seeds
extract (C) and 99.9% ethanolic apricot seeds extract (D). Chromatographic conditions were: a kinetex XB-C 18 column 100 mm x 4.6 mm (Phenomenex®,
USA), operated at 30°C with mobile phase methanol: water 15:85 (V/V), flow rate 0.7 mL/min and injected volume 20 pL. The UV detector was set at 215

nm and data integration was done by ClarityChrom®software.
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Figure 2. The effect of 70% and 99.9% ethanolic apricot seeds
extracts, amygdalin and silymarin (standard) on liver enzymes, alanine
aminotransferase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP). The data are presented as the mean + SE (n=7).
Values with different superscript letters (a,b,c) are significantly different
at P<0.05 when compared with CCL4 control intoxicated group.
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Figure 3. The effect of 70% and 99.9% ethanolic apricot seeds extracts,
amygdalin and silymarin (standard) on albumin, total proteins. The data
are presented as the mean + SE (n=7). Values with different superscript
letters (a,b,c) are significantly different at P <0.05 when compared with
CCL4 control intoxicated group.
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Figure 4. The effect of 70% and 99.9% ethanolic apricot seeds extracts,
amygdalin and silymarin (standard) on total and direct bilirubin. The data
are presented as the mean = SE (n=7). Values showed no significant
difference when compared with CCL4 control intoxicated group.

total and direct bilirubin were evaluated and recorded
in Table 1 and their effects on alpha-fetoprotein (AFP),
reduced glutathione (GSH), nitric oxide (NO) and
malondialdehyde (MDA) were recorded in figures 5-6.
The administration of single dose of N-nitrosodiethylmine
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(NDEA) (100 mg/kg) followed by weekly SC. injection
of CCL4 (3 mL/kg) for 8 weeks induced a significant
increase in serum AST, ALT, ALP, AFP when compared
with the normal control group. Treatment of rats with
70% and 99.9% ethanolic apricot seeds extracts (200 mg/
kg), amygdalin (50 mg/kg) and silymarin (50 mg/kg)
for 8 weeks revealed diminishing effect in the elevated
serum levels of AST, ALT, ALP, AFP when compared
with NDEA- intoxicated group. Both extracts showed
significant decrease on direct and total bilirubin, albumin
and total proteins as well as on the hepatic oxidative stress
markers including MDA, NO and significant increase in
reduced GSH level in liver homogenate.

Discussion

Natural products, and their derivatives represent more
than 50% of all the drugs in the treatment of various
diseases (22). In this study, the potential anticancer and
hepatoprotective effects of ethanolic extracts of apricot
seeds, amygdalin and silymarin in N-nitrosodiethylamine
induced hepatic carcinoma and CCL4 induced
hepatotoxicity were evaluated. Both extracts were obtained
by using ethanol (70% and 99.9%). HPLC determination
of amygdalin from fruit kernels require specific mobile
phase with the proper dilution ratio. Methanol: water
(15:85) is a good mobile phase for amygdalin separation
by HPLC (23). The preliminary quantitative evaluation
of amygdalin in ethanolic apricot seeds extracts by HPLC
revealed that the amount of amygdalin was 5.72 and 10.22
g/100 g dry extract in 70% and 99.9% ethanolic extract,
respectively.

These obtained results correlate with the finding
obtained by (24) who used the same optimum conditions
for separation of amygdalin from apricot seeds and
evaluated by HPLC.

Oral administration of both extracts (100 mg/kg) and
amygdalin in (50 mg/kg) prior to intraperitoneal injection
of CCL4 showed significant hepatoprotective effect of
liver by significant decrease in liver enzymes (ALT, AST
and ALP) and significant increase in albumin and total
proteins during the period of treatment with no significant
effect on total and direct bilirubin.

The hepatoprotective effect of dried apricot seeds was
evaluated by measuring the level of serum liver damage
marker enzymes (AST, ALT, GGT and LDH) which
increased due to hepatic damage induced by alcohol and
decreased in groups of animals supplemented with diet
containing dried apricot seeds (25).

Feeding of ground apricot kernel (1.5 mg/kg) for 4 weeks
has improved liver fibrosis caused by dimethylnitrosamine
which might be used as a therapeutic or preventive
measure against hepatic fibrosis (26). The apricot kernel
administration has improved biochemical values due
to increase levels of oleic acid, and other polyphenols in
apricot kernels. In a study the oil content of kernels varied
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Table 1. Anticancer effect of 70% and 99.9% ethanolic apricot seeds extracts, amygdalin and silymarin (standard) on ALT, AST, ALP, albumin, total proteins,

total and direct bilirubin in NDEA-intoxicated rats (n=10)

Groups Dose ALT AST Albumin Total protein  Total bilirubin  Direct bilirubin
p mg/kg u/L u/L g/dL g/dL mg/dL mg/dL
Control n n
0 22.86+0.67°¢ 44.14+1.5¢ 127.4+0.76° 4.19£0.39 9.84 + 0.69° 0.47 £ 0.08° 0.19 £ 0.04°
(non-treated)
.NDEA. control 100 followed 67.43+£1.45 182 +3.02 191.53+3.95 2.32+0.32 6.46 £0.54 3.8+0.54 1.78+0.11
intoxicated by 3 mL CCL4
Silymarin . 0 o
50 28+1.11 73.71+1.7 133.7£2.15°¢ 3.29£0.23° 9.90 £ 0.84° 0.61 +£0.03° 0.20 £ 0.02°
(standard)
Amygdalin 50 32.7+0.35° 87.86+2.01*° 140.12+2.34> 3.40+0.19%® 8.62 +0.88° 0.71 +£0.07° 0.29 £ 0.04°
o )
;?tr/; :tthano"c 200 28.14£0.51° 90.8+1.06° 141.01#2.3® 3.37+0.17% 11.10£0.35° 0.60+0.04°  0.23 +0.05°
o )
th'fa/ztetha”""c 200 27.290.87° 91.2941.3  147.73#0.7° 3.40%0.23® 10.56+0.84® 0.58+0.03°  0.25%0.05°

Abbreviations: ALT, alanine aminotransferase, AST, aspartate aminotransferase, ALP, alkaline phosphatase; NDEA, Nitrosodiethylamine.

Values represent the mean + SE of 10 animals for each group. Values in the column with different superscript letters (a,b,c) are significantly different

at P<0.05 when compared with NDEA intoxicated control.

from 27.7% to 66.7%, the majority of fatty acids were oleic
(58.3%-73.4%) and linoleic acids (18.8%-31.7%) (27).
Hence, it was suggested that their dietary intake would be
beneficial in protecting against hepatotoxicity (28). The
presence of flavonoids, carotenoids, p-carotene, phenolic
compounds and fatty acids such as oleic acid and linoleic
acid which might have scavenging effects on free radicals
may potentiate their hepatoprotective effects.

HCC was induced by a single IP injection of NDEA
followed by weekly SCinjections of CCl4. NDEA undergoes
metabolic activation via cytochrome P450 (CYP2E1)
and produces the unstable promutagenic products, O°-
ethyl deoxy guanosine and O*, O%-ethyl deoxy thymidine
in the liver, which are responsible for its carcinogenic
effects by interaction with DNA causing mutation (29).
Additionally, CCl4 is biotransformed by cytochrome
P450 to produce its active metabolite trichloromethyl
free radical CCL3 which reacted with oxygen to form a
trichloromethylperoxy radical inducing peroxidative
degradation of lipids of endoplasmic reticulum initiating
lipid peroxidation (30).

In our study, NDEA and CCL4 administration led to
a marked increase in the levels of serum AST, ALT and
ALP compared to the ones in normal rats due to the
injured structural integrity of the liver as these enzymes
are released from the cytoplasm of hepatocytes into the
blood circulation after rupture of the plasma membrane,
and cellular damage after excessive production of reactive
oxygen species (31). Our results are in agreement with
the results presented in (32) as they have reported similar
elevation in the activities of serum AST, ALT and ALP
during diethylnitrosamine administration.

Moreover, HCC group had a significant increase in
serum direct and total bilirubin when compared to
the normal group. These results are in agreement with
the results of previous studies which revealed a highly

significant increase in serum total and direct bilirubin
in NDEA-intoxicated rats. Additionally, these results
have been attributed to increase in a mass inhibition of
the conjugation reaction, and release of unconjugated
bilirubin from damaged hepatocytes (33). On the other
hand, concerning the levels of serum albumin and total
proteins, the current study showed a highly significant
decrease in their level after administration of NDEA
compound. NDEA has significantly decreased albumin
level, which indicates liver dysfunction (34).

In the present study, the treatment with apricot seeds
extracts and amygdalin significantly reduced serum
AST, ALT, ALP, total, and direct bilirubin levels and
significantly increased the reduced levels of serum
albumin and total proteins when compared with NDEA-
intoxicated control group. This tends to treat liver damage
by maintaining integrity of plasma membrane thereby
suppressing the leakage of enzyme through membranes,
exhibiting hepatopreventive activity. This might be a
reason for restoration in activities of marker enzymes after
administration of the extract.

Alpha-fetoprotein has been widely used as tumor
marker for diagnosis and monitoring of HCC. An elevated
level of AFP in the serum has been observed in the animals
exposed to hepatocarcinogens (35). In our study, there was
amarked increase in serum AFP level in HCC group when
compared to the normal ones. The obtained results are in
agreement with those obtained by (36) who attributed the
reinitation of AFP synthesis by neoplastic hepatocytes to
increase in transcription of AFP gene. The present study
showed that daily administration of ethanolic apricot seeds
extracts, amygdalin and silymarin significantly reduced
the increased levels of serum AFP level when compared
to NDEA-intoxicated rats, suggesting that apricot seeds
extracts might delay the NDEA-induced HCC in rats.

In the present study, the level of malondialdehyde was
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significantly elevated by NDEA indicating increased
lipid peroxidation and oxidative stress in liver. Lipid
peroxidation induced by NDEA plays an important role
in carcinogenesis and may lead to the formation of several
toxic products, such as MDA that can attack cellular
targets including DNA, thereby inducing mutagenicity
and carcinogenicity (37). Also, the increases in lipid
peroxidation level has been attributed to the oxidative
stress leading to per-oxidative membrane damage, loss
of membrane integrity and subsequent release of the
cytosolic contents (38). In our study, the treated groups
displayed a significant reduction in the level of MDA
when compared with HCC rats. Also, liver NO level
was significantly elevated in NDEA- intoxicated rats
as compared to the normal group. This result matched
with the results of others who reported that elevated
levels of lipid peroxidation stimulated host cells, mainly
monocytes and macrophages to produce and release NO
by induction of inducible nitric oxide synthase (iNOS)
protein, resulting in cytotoxicity and DNA damage (39).
The treated groups in our study displayed a significant
reduction in the level of NO when compared with NDEA-
intoxicated rats.

Reduced GSH is one of the major antioxidants involved
in defense mechanism against lipid peroxidation in
biological system and converts active oxygen molecules
into non-toxic compounds (40). A reduction in GSH
is associated with the accumulation of high-living free
radical, leading to injury of cell function (41). Our results
revealed a significant depletion in reduced GSH level after
NDEA administration. These results are in agreement
with previous a study who attributed the depletion in
GSH level to its utilization in inactivating the free radicals
generated during NDEA metabolism (42).

Apricot seeds extracts, being a rich source of antioxidant,
have been able to combat the oxidative stress mediated by
NDEA/CCL4, and to restore the hepatocytes damage. The
anticancer effects of amygdalin may be due to that it is
broken down by beta-glucosidase, which is abundant in
cancer cells, and consequently cyanide is released onto
the cancerous lesions inducing toxicity on the cancer
cells (43). Another suggestion is that amygdalin enhances
the functions of pancreatic enzymes which may prevent
transformation of cancer primordial germ cells (43). It
is known that amygdalin when interact with cancer cells
release cyanide causing death for these cells. Amygdalin
would be broken down by an enzyme in cancer cells
(beta-glucosidase), and toxic cyanide to release from
broken amygdalin would kill the cancer. It is known
that another enzyme, rhodanese, which has the ability to
detoxify cyanide, is present in normal tissues but deficient
in cancer cells. These two factors combine to affect a
selective poisoning of cancer cells by the cyanide, while
normal cells remain undamaged (17). From these results,
we can suggest that both apricot seed extracts and the pure
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amygdalin have powerful effects for the treatment of liver
cancer when compared with control positive groups.

Conclusion

According to the data obtained from this study, the oral
administration of apricot seeds or amygdalin which is the
major component in seeds can prevent lipid peroxidation
and protect liver from fibrosis and cirrhosis. So, they
can be used for the treatment and prevention of liver
dysfunction. There are many questions around apricot
seeds, which need to be solved in other researches to
increase knowledge about them.
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