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Abstract:

Introduction: Cadmium is of the environmental pollutants and is considered as a part of the list

of 126 top elements of environmental pollutants which has a long half-life in the body and is

estimated at about 10 to 30 years. The use of herbal medicines because of having many

antioxidants and lack of side effects is increasing in the today world to be a good alternative for

chemical drugs. So the objective of the present study is to evaluate the effect of aqueous extract

of the root of native edible asparagus in Iran (Asparagus officinalis L.) on the concentration of

liver enzymes in male rats exposed to cadmium chloride.

Method: 72 male rats were accidentally divided into the control, sham and test groups (100

mg/kg asparagus extract, 200 mg/kg asparagus extract, 400 mg/kg asparagus extract, 5 mg/kg

cadmium chloride, cadmium chloride and 100 mg/kg asparagus extract, cadmium chloride and
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200 mg/kg asparagus extract, cadmium chloride and 400 mg/kg asparagus extract). All

injections were performed by gavage for 28 consecutive days. One-Way ANOVA and Duncan

at the significance level of 5% were used for statistical analysis.

Results: Cadmium chloride increased the averages of serum ALT, AST, ALP and bilirubin

significantly and decreased the averages of serum albumin and total protein significantly. Two

doses of 200 and 400 of asparagus extract reduced the averages of serum ALT, AST and ALP

significantly compared to the group which received cadmium chloride and each three doses of

asparagus extract could reduce bilirubin concentration significantly compared to the group

which received cadmium chloride. Two doses of 200 and 400 asparagus extract increased the

averages of serum albumin and total protein significantly compared to the receivers of

cadmium chloride.

400 mg/kg asparagus extract had the greatest effect on improving and adjusting the studied liver

parameters.

Conclusion: The extract of asparagus root has probably improved the destructive effects of

cadmium chloride due to abundant antioxidant property. Of course, 400 mg dose has had the

most effect in this study.

keywords: Cadmium chloride; roots of native edible.

1. INTRODUCTION

Edible asparagus (Asparagus officinalis L.) is a garden vegetable which is cultured in the areas

with temperate and subtropical climates. Asparagus is herbaceous plant, perennial with

two-bases from the order of asparagus, Asparagaceae and the genus Asparagus (1). Its leaves

are squamous and narrow, long and green branches grow from their sides as three to eight

batches. The genus Asparagus grows worldwide and east Mediterranean to the Caucasus

Mountains are mentioned as the origin of this specious (2). There is a combination of potassium

and a kind of amino acid with a diuretic effect and thus helps the excess body water to be

excreted. Asparagus contains inulin (a carbohydrate) that is very beneficial for the digestive

system. This type of carbohydrate causes growing up beneficial bacteria in the intestine such as
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lactobacillus and bifidobacteria (3). Asparagus also contains saponins as well as steroidal

compounds which stimulate the secretion of lutein and steroidal hormones (4).

Liver is the center of body metabolism and many biochemical processes taking place there.

Synthesis of bile and urea, storage of glycogen and some minerals and vitamins, detoxification,

synthesis of protein and enzymes are the most important functions of liver and any disruption in

the function of this vital organ causes a set of physiological and anatomical disorders as well as

a variety of diseases (5).

Criteria for the diagnosis of liver injuries is based on biochemical reactions. Evaluation and

measurement of serum levels of liver intracellular enzymes has been introduced as a diagnostic

criterion in hepatocytes' destruction. Liver damage can lead to the leakage of these enzymes

from the hepatocytes and their excessive entry into the blood. Therefore, liver damage can be

realized by measuring these enzymes in the blood (6). Three enzymes of aspartate

aminotransferase (AST or SGOT), alanine aminotransferase (ALT or SGPT) and alkaline

phosphate (ALP) are the most important of these enzymes. Aminotransferases transfer an

amine factor from a donor molecule to a receptor molecule in protein metabolism (7). The

aspartate aminotransferase enzyme (AST) is found in all body cells particularly heart, liver,

skeletal muscle and kidney cells. Alanine aminotransferase (ALT) is also found naturally in the

liver. Although it cannot be said that this enzyme is exclusively in the liver, but liver is the place

where the enzyme is most concentrated and therefore is a more specific marker for liver damage

(7). Alkaline phosphatase enzyme (ALP) is also available in some important body tissues such

as liver, bone, kidney and placenta of the pregnant women, but much of it is found in the liver

and bone (8).

Increasing concentrations of bilirubin and decreased total protein and serum albumin are also

considered as the other main indicators of liver injury (9, 10).

In the conducted study, it was determined that asparagus contains much of C, B, A, E and K

vitamins as well as calcium, zinc, fiber and folate (vitamin B9). Folate of asparagus causes that

the use of this plant during pregnancy reduces congenital malformations. Eating asparagus can

also help to boost sexual drive (11) and stimulates the secretion of luteal hormones and

progesterone (4). Studies show that asparagus can treat the weakness of urinary bladder, is
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useful for strengthening the heart, cures jaundice, fatigue and liver toxicity (12), and is laxative

and treatment of bowel pain (13). Other researches indicate that this plant is hematopoietic due

to having chlorophyll and anemic people should take advantage of this plant (14). Asparagus

contains other antioxidant and anticancer compounds such as aspargine, …Ferrin, inositol,

tannin, gallic acid, asparagus and succinic acid, rutin, protoducin, flavonoid and saponins (15).

Other conducted studies showed that the extract of this plant contains amino acids and minerals

which can help to counteract the drowsiness and malaise (16).

Cadmium is one of the most important industrial and environmental pollutants that has many

effects on its surrounding area. This toxic and heavy metal easily absorbed by plants, animals

and micro-organisms and can cause acute cellular and tissue injuries in alive creatures (17).

Inhaling polluted air and cigarette smoke leads to respiratory infection of this metal in humans.

In total, food and cigarette smoke are known as the greatest sources of human exposure to

cadmium (17, 18). Intracellular accumulations of cadmium lead to creation of lesions in organs

such as liver, kidney, lung, brain, testes, placenta, ovary and etc (18, 19).

Cadmium induces and increases the production of oxygen free radicals in the cells. On the other

hand, by reducing intracellular antioxidants and disturbing the balance between antioxidants

and cellular oxidizing agents, damages to the valuable vital molecules such as enzyme, protein

and membrane lipids (20). The best way to deal with it, is an increase in antioxidant compounds

in cell and increased cell survival time to cadmium toxicity. It seems that antioxidant agents can

inhibit cadmium in the blood by binding to it or reduce its harmful effects by blocking its

intracellular activity (20).

Cadmium enters to the food chain through various ways including water and soil (21).

Oxidative lesions in the tissues are of the early signs of cadmium toxicity while cancerogenic

effects are considered as chronic toxicity of cadmium. Due to the ability to produce large

quantities of a protein binding to the metals especially cadmium, liver is the most important

organ in toxicity with this heavy metal (22). Induction of acute experimental hepatic and renal

toxicities by cadmium administration, have been proven in laboratory animals (23, 24).

Recently, the strategies of prevention and treatment of cadmium toxicity has been focused on

the use of chemical compounds derived from plants (22).
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Cadmium is one of environmental pollutants and is considered as a part of the list of 126 top

environmental pollutants. Workers of batteries industry, paint manufacturing, oil producing,

melting of metals and mines are at the expose of this metal (25). The smoke of forest fires and

volcanic gases are considered as the major sources of air pollution and the wind is also effective

in spreading it to the other areas. Thus, inhalation of polluted air and cigarette smoke leads to

respiratory infection of this metal in humans (25, 26). In total, food and cigarette smoke are

known as the biggest sources of human exposure to cadmium (26). While the half-life of

cadmium is long in the body and is estimated to be about 10 to 30 years (19). Using herbal

medicines is increasing in the today world because of having abundant antioxidants and lack of

side effects to be a suitable alternative for chemical drugs. So, the objective of the present study

is to evaluate the effect of aqueous extract of edible root of asparagus native in Iran (Asparagus

officinalis L.) on liver enzymes concentrations in male rats exposed to cadmium chloride.

2. METHOD

This research is an experimental study and all ethical issues about the way to work with

laboratory animals were considered. These issues with the code IR.JUMS.REC.1394.111 have

been approved by the Ethics Committee of Jahrom University of Medical Sciences. To conduct

this study, adult male Wistar rats with an average weight of 180-200 were used. The rats were

kept in animal breeding room in Jahrom University of Medical Science to adapt. Bright and

dark cycle was included 12 hours of light and 12 hours of darkness at 23±1 temperature and

humidity of about 50-55%. Animals had free access to food and water. The total number of

mice were 72 male rats which were accidentally divided into 9 groups of 8 animals. According

to the previous papers, the aqueous extract concentration of asparagus root has been determined

as 100, 200 and 400 mg/kgbw (27). Also, according to the previous articles, the concentration

of injected cadmium chloride is determined as 5 mg/kg which its solvent was distilled water and

was administered by gavage (28).

So the control and test groups were included the below groups in this study:

Control group: this group did not receive any treatment during the test (28 days) (n=8).
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Sham group: this group received distilled water as gavage according to the body weight during

test (28 days) (n=8).

Test 1 group (Asp100): this group received the aqueous extract of asparagus root with the

concentration of 100 mg/kg for 28 days as gavage and according to body weight (gavage) in 0.2

cc (n=8).

Test 2 group (Asp200): this group received the aqueous extract of asparagus root with the

concentration of 200 mg/kg for 28 days as gavage and according to body weight (gavage) in 0.2

cc (n=8).

Test 3 group (Asp400): this group received the aqueous extract of asparagus root with the

concentration of 400 mg/kg for 28 days as gavage and according to body weight (gavage) in 0.2

cc (n=8).

Test 4 group (CaCl2): this group received 5 mg/kg cadmium chloride solved in 0.2 ml of

distilled water as gavage, for 28 days and in accordance with the body weight (n=8).

Test 5 group (Asp100+CaCl2): this group received 100 mg/kg aqueous extract of asparagus root

(gavage) in 0.2 cc + 5 mg/kg cadmium chloride solved in 0.2 ml of distilled water (gavage) for

28 days and in accordance with the body weight (n=8).

Test 6 group (Asp200+CaCl2): this group received 200 mg/kg aqueous extract of asparagus root

(gavage) in 0.2 cc + 5 mg/kg cadmium chloride solved in 0.2 ml of distilled water (gavage) for

28 days and in accordance with the body weight (n=8).

Test 7 group (Asp400+CaCl2): this group received 400 mg/kg aqueous extract of asparagus root

(gavage) in 0.2 cc + 5 mg/kg cadmium chloride solved in 0.2 ml of distilled water (gavage) for

28 days and in accordance with the body weight (n=8).

At the end of research (day 29th), blood was taken directly from the animals' heart by a 5 cc

syringe (anesthetized by ether) and their serums were harvested after centrifuge (for 15 minutes

and in 3000 r.p.m) and stored at -20ºC refrigerator till the test time. Pars Azmoon kits were used

to measure ALT, AST, ALP, Albumin, Total protein and Bilirubin.
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3. RESULTS

The effect of hydro alcoholic extract of asparagus on serum levels of the liver enzymes,

total protein and bilirubin

Hydro alcoholic extract of asparagus with concentration of 200 and 400 mg, reduced each three

enzymes of ALT, AST and ALP significantly compared to the control and sham groups. The

group treated by cadmium chloride caused a significant increase in the amounts of these

enzymes. Treating groups with cadmium chloride and asparagus extract with the concentrations

of 200 and 400 mg caused a significant decrease in amounts of liver enzyme compared with

cadmium chloride group. But treatment groups of cadmium chloride with 200 and 400 mg

asparagus extract showed a significant increase in amount of enzymes compared to the control

and sham group.

The greatest effect was related to 400 mg dose of asparagus root extract (table 1).

The effect of hydro alcoholic extract of asparagus on total protein (TP) and albumin:

asparagus hydro alcoholic extract with concentrations of 200 and 400 mg increased TP

significantly compared to the control and sham groups but only its 400 mg concentration

caused a significant increase in albumin compared to the control and sham groups. Treatment

groups of cadmium chloride with 200 and 400 mg asparagus extract caused a significant

increase in TP and albumin compared to cadmium chloride group. But the treatment group of

cadmium with 200 mg asparagus extract showed a significant decrease in TP and albumin

compared to the control and sham groups. Treatment group of cadmium chloride with 400 mg

asparagus extract showed an insignificant difference in TP and albumin amounts compared to

the control and sham groups (table 1).

The effect of hydro alcoholic extract of asparagus on bilirubin (Br): treating group with

cadmium chloride caused a significant increase in bilirubin. Treatment groups of cadmium

chloride with 100, 200 and 400 mg asparagus extracts caused a significant decrease in bilirubin

compared to cadmium chloride group. But treatment groups of cadmium chloride with 100 and

200 mg asparagus extract showed a significant increase in bilirubin compared to the control and

sham groups. Treatment group of cadmium chloride with 400 mg asparagus extract showed an

insignificant difference of bilirubin amount compared to the control and sham groups (table 1)
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Results of the studied groups in terms of biochemical parameters

Variables

Groups

AST

(U/L)

ALT

(U/L)

ALP

(U/L)

TP

(g/dl)

Alb

(g/dl)

Br

(mg/dl)

Control 0.9±0.1 5±0.1 8±0.2 245±7.5 113±3.5 183±2.2

Sham 0.9 5±0.2 7.9±0.3 235±7 120±2.3 184±2.2

Asp100
0.8 5±0.1 8.2±0.2 228±5 115±4.2 173±3.1

Asp200
0.8 5±0.1 8.6±0.2* 227±5.4* 100±3.8* 142±1.3*

Asp400
0.8 6±0.2* 9±0.2* 197±6* 87±1.7* 125±2.4*

CaCl2
2* 3±0.1* 4.8±0.1* 485±7* 339±5* 444±6.2*

Asp100+

CaCl2

1.7♯ 3 5±0.1 463±5.2 330±5 433±4.4

Asp200+

CaCl2

1♯ 4±0.1♯ 6±0.1♯ 419±5.1♯ 293±4.7♯ 381±7.4♯

Asp400+

CaCl2

0.9♯ 4.9±0.1♯ 7.8±0.1♯ 346±11.4♯ 184±4.6♯ 313±7.4♯

*The difference with control and sham groups is significant.

♯ The difference with the receiver group of cadmium chloride is significant

ASP: Asparagus

AST: Aspartate Amino Transferase

ALT: Alanine Amino Transferase

ALP: Alkaline Phosphatase

TP: Total Protein

ALb: Albumine

Br: Bilirobine

4. DISCUSSION

Cadmium is one of the heavy metals which is widely used in various industries including

galvanization, dyeing, plastics and battery. This metal is one of the important environmental

and industrial pollutants. The studies have shown that the compounds of this metal has

significant undesirable effects on different organs of human and animals (29). Liver and kidney
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are of the main body organs that about 50% of cadmium is accumulated there due to the high

concentrations of melatonin in them (30) and thus are under the influence of cadmium more

than the other organs. According to another study, cadmium accumulation in these organs due

to the defects in renal excretion system increases with age (18). In cells lacking metallothionein,

mitochondria are the main place of biochemical damages of cadmium (31). Increased bilirubin,

decreased total protein and albumin indicate damage and a disruption in the normal function of

liver (32). Another indicator to evaluate the amount of liver toxicity is measuring ALT, AST

and ALP enzymes which usually increase during the liver injury caused by changes in cell

morphology structure and membrane rupture (33).

Researchers have showed that in non-alcoholic liver diseases, oxidative stress and lipid

peroxidation are the key factors of damage to cells. The content of cytochrome P450 usually

decreases in this condition and its indicator is the increased expression of mRNA and protein

level of cyp2E1 (one of P450 system enzymes) which resulted in accelerated oxidative stress

(34). Also in 1980, a study was conducted on several different cells that showed the most

affected organelle by the cadmium toxicity is the nucleius and its inner RNA (35). The damage

rate depends on a number of factors such as: the level of cell activity, cadmium concentration,

the time which the cells are exposed to cadmium and cell defense mechanisms (17). Also, it has

been proven that cadmium increases the production of free radicals in cells by interfering with

antioxidant enzymes, removing sulfhydryl groups' bands by glutathione and substitution with

copper, zinc and iron in proteins and reduces some antioxidants such as catalase, Super Oxide

Dismutase (SOD) and glutathione reductase and glutathione peroxidase due to having thiols

and causes lipid peroxidation (20). This causes impairing cell growth and differentiation,

inhibiting apoptotic mechanisms, blocking repair mechanisms of DNA, signaling pathway and

gene expression (36).

Due to the adverse effects of cadmium on liver and creating oxidative stress, the objective of

our study was to evaluate the preventive and antioxidant effects of edible asparagus plant on

liver toxicity due to this metal on male rats. In the present study, cadmium increased the level of

liver enzymes and bilirubin and reduced albumin and total protein compared to the sham and
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control groups. Asparagus extract causes a decrease in liver enzymes, bilirubin and an increase

in albumin and total protein in treated groups with cadmium chloride.

Researchers showed previously that asparagus root contains steroidal saponins, alkaloid,

flavonoids, sterol, terpenes, tannins, phenols, mucilage and vitamin E (37). Flavonoids,

saponins, polyphenols and vitamin E are able to collect free radicals such as hydroxyl and anion

of super oxide dismutase and inhibit lipid peroxidation (38). It is also shown that antioxidant

enzymes activities of super oxide dismutase and catalase in the liver of hypercholesteremic

mice which are treated by asparagus, are increased which is due to flavonoids' role and the

available polyphenols in this plant in improving oxidative stress (16).

According to the report that asparagus also has flavonoids, the protective effects observed in

our study are likely due to its antioxidant activity and prevention of oxidative stress effects on

the membrane of liver cells. It was observed in this research that asparagus has a

dose-dependent effect and its highest dose (400 mg) has created the best protective effect, so it

can be concluded that the best answer in this dose is probably due to high concentration of

available antioxidants in this extract and restoring a better balance between oxidants and

antioxidants.

Supporting this theory, researchers have shown that using the alcoholic extract of

S_brevistigma and rose due to having flavonoid compounds protects the liver against toxic

effects of carbon tetrachloride or galactosamine and lipopolysaccharide through reducing the

amounts of liver enzymes and increasing lipid peroxidation (10, 16). Reduced bilirubin and

enzymes in the treated groups with extract showed the return of normal liver function. These

evidences indicate that asparagus extract not only prevent the bad effects of oxidative stress, but

also it is likely that asparagus extract could generate new and healthy cells. The probable

mechanism of this effect can be attributed to the role of antioxidants in preventing the damage

of cellular oxidizing agents to the nucleus and mitochondria which leads to dysfunction of

cytochrome P450 or protein synthesis and cell growth regulation (34). These effects may be due

to the presence of other compounds in asparagus extract such as tannins, saponins, vitamin E

and alkaloids because it has already be proven that asparagus extract can increase the number of

follicle graphs in the ovaries of rats (12). Therefore, it is recommended that this issue be
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examined in future works. Another factor that asparagus extract can protect cells because of

several antioxidants is inhibition of P450 system enzymes and the control of this claim is the

studies which showed that cyp2E1 inhibitors such as dially sulfide in garlic, phenyethyl

isothiocyanate and sulforaphane in cruciferous vegetables, bergamottin in grapes and orange

can reduce liver toxicity (34). Antioxidant compounds in asparagus may also have some effects

that can be considered in the future.

5. CONCLUSION

Asparagus extract in a dose-dependent manner could prevent the destructive effects of

oxidative stress resulted from hepatotoxicity due to the exposure with cadmium chloride. These

effects are resulted from its antioxidant role due to the presence of some compounds such as

flavonoids.
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