1/
Journal of
Pharmacology and

Toxicology

ISSN 1816-496X

@

Academic
Journals Inc. www.academicjournals.com




Journal of Pharmacology and Toxicology 3 (2): 163-167, 2008
ISSN 1816-496X
© 2008 Academic Journals Inc.

Study of Aspartate Aminotransferase Activity in Intoxified Rat by Cadmium

“*M. Najafi, 'A.A. Moshtaghie "M. Ani and *M. Shabani
"Department of Biochemistry, College of Medicine,
Istahan University of Medical Sciences, Isfahan, Tran
‘Department of Biochemistry, School of Medicine,
Iran Umiversity of Medical Sciences, Hemmat High Way, Tehran, Iran

Abstract: The cumrent study was designed to investigate the effects of cadmium
administration on the AST (Aspartate aminotransferase) and its isoenzyme activities in the
serum and liver for durations of 15 and 60 days, respectively. AST isoenzymes were
separated by gel filtration chromatography technique and evaluated kinetically. Results
showed significant increases in the serum AST activities up to 47 and 38.35% upon Cd
administrations of 0.25 and 0.5 mg kg™, respectively. This increase was not time and dose
dependent in the long period. At the end of each period, the specific activity both
isoenzymes in the serum increased significantly (p<0.05) while in the liver, mitochondrial
AST activity increased as compared to cvtosolic AST activity. We concluded that the total
serum AST activity was not dose and time dependent. However, the changes of liver AST
isoenzymes in the short and long periods might be due to hepatotoxicity following oxidative
stress and delayed synthesis of AST isoenzymes, respectively.
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INTRODUCTION

It is well documented that Cadmium (Cd) is a heavy transition metal involved in the human
intoxication (Zhou ef al., 2004; Joseph et of., 2001; Pulido and Parrish, 2003). It's high distribution
along with other chemicals in environment come from industrial processes. It has been reported that
Cd 1s readily absorbed through the lung and gastrointestinal tract and metabolized in the body
(Bressler ef af., 2004; Bridges and Zalups, 2005). It's presence in hepatocytes interfere with cellular
fimction (Karmakar ef al., 1999; Shaikh ef al., 1999). The amount of trapped Cd in liver is excreted via
bile (Klaassen et al., 1999). It is also retumed into blood and transferred into the kidneys
(Satarug ef af., 2006), so that microalbuminuria, glucosuria and phosphaturia occur following Cd
overload in the kidneys (Jarup, 2003). The damaging effect of Cd on cell organelles is primarily
manifested in membrane deterioration, resulting in the release of some important enzymes into the
serum (Blasco and Puppo, 1999; Boguszewska and Pasternak, 2004). One of these enzymes is
Aspartate aminotransferase (AST, EC 2.6.1.1) that has two isoenzymes namely cytosolic aspartate
aminotransferase (c-AST) and mitochondrial aspartate aminotransferase (m-AST) (Hiroyasu and
Hiroyasu, 1978). It has been reported that CdCl, administration in rat model led to the changes in AST
activity (El-demerdash e of., 2004, Kowalczyk er of., 2003).

Since AST isoenzymes are important from climcal point of view thus, the present study was
designed to investigate the effects of different concentrations of cadmium on AST activity and its
isoforms in the rat serum and liver by intraperitoneal administration in short and long periods.
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MATERIALS AND METHODS

A total of 40 adult male albino wistar rats weighing 200-250 g were purchased from Isfahan
University of Medical Sciences, housed for two weeks and fed with standard chow and water
ad Iibitum.

All the chemical {analytical grades) and enzymes were purchased from Sigma Chemical Co. (USA)
and Man Co. (Iran). In each period of experiment, the rats were divided into three groups (5 each).
Treated groups received intraperitoneally cadmiumn (doses 0of 0.25 and 0.5 mg kg™ body weight) as
cadmium chloride in 0.2 mL saline and control group injected only saline solution daily. At the end of
cach period, blood samples were collected in pre-washed plastic tubes for determination of the total
serum AST activity and scparation of the serum AST isoenzymes. For preparation of rat liver
subcellular fractions, the livers were immediately dissected out, trimmed, washed in ice cold saline. A
known weight of the tissue was homogenized in 5 mL of ice cold sucrose (0.25 M) and centrifuged at
12000 g for 15 min. The supernatant (post-mitochondrial fraction) was stored at -20°C. Pellet
(mitochondrial fraction) was also washed in ice cold saline several times and incubated in
Triton X-100 (1%). Then, it was diluted in Tris-HCI buffer (0.025 M, pH 7.5) and stored at -20°C.
The AST isoenzymes were separated by an improved gel filtration chromatography technique,
using sephacryl S-300 column (1x50 cm) (Moshtaghie et af., 1995) and evaluated kinetically
(concentrations for L-Aspartate were 0.025 by 0.1 mM and for ¢-Ketoglutarate were 0.13 by 1 mM).
After loading the serum and liver subcellular fractions, the column was eluted with the same
Tris-HC] buffer and 30 collected tubes were contained 2 mL of the buffer each. The AST activity
assaved spectrophotometrically at 505 nm (Reitman and Frankek, 1957) and 340 nm (Karmen, 1995).
Protein was also determined colorimetrically (Lowry ef af., 1951).

Statistical Analysis

Data were expressed as mean+SD. The student unpaired t-test was used to estimate differences
in means of the total serum AST activity and changes of isoenzymes activity between the groups,
using Epi Ver. 6.1. A value of p<0.05 was considered statistically significant.

RESULTS AND DISCUSSION

In vitre finding showed that concentration of cadmium less than 5 mM had no any effect on AST
activity (data not shown). Two peaks for serum AST activities were obtained while mitochondrial
fraction showed one peak (Fig. 1). The Km,,, for both substrates e-Ketoglutarate and L- Aspartate
(first peak) were 0.12 and 0.37 mM, respectively. Furthermore, the Kim,, for the same substrates
(second peak) were 0.24 and 0.1 mM, respectively.

Table 1: Effects of cadmium administrations on serum AST activity

Cadmium concentration Tnjection AST activity
Groups (mg kg™ (days) (UL Changes (%) p-value
Control 1 Raline 15 97.34+6.03
Treated 2 0.25 15 118.17+£3.71 21.40 <0.05
Treated 3 0.50 15 123.12+7.47 26.90 <0.05
Control 1 Raline 45 81.00+8.41
Treated 2 0.25 45 108.91+4.16 34.40 <0.005
Treated 3 0.50 45 110.22+45.40 36.00 <0.007
Control 1 Saline 60 81.00+8.41
Treated 2 0.25 60 119.35+4.30 47.20 <0.005
Treated 3 0.50 60 112.07£2.14 38.35 <0.001

Values are expressed as mean+SD; p<0.05 means significant. Group 1 as control. Group 2 treated with 0.25 and Group
3 treated with 0.5 mgkg™ of cadmium.
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Table 2: Changes in AST isoenzymes activities in serum and liver

Changes in serum (%) Changes in liver (%6)

m-AST isoenzyme ¢-AST isoenzyme m-AST isoenzyme ¢c-AST isoenzyme
Tnjection (.25 0.5 0.25 0.5 0.25 0.5 0.25 0.5
(days) mg ke™! BW
15 +22 +27 +11 +17 +7 +14.6 =21 -30
45 +33 +38 +6 +9 +5 +11 -3 -4
60 +37 +41 +4 +7.8 +4 +9.6 -1 -7

m-AST: Mitochondrial AST, c-AST: Cytosolic AST
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Fig. 1. Specific activity profiles of AST isoenzymes

As shown in Table 1, there was a significant (p<0.05) increase in the level of total AST serum
activity for the periods of 15, 45 and 60 days as compared to the control group. Cadmium
administrations of 0.25 and 0.5 mg for 60 days increased the serum AST activity up to 47.2 and
38.35%, respectively. There was a significant (p<0.05) increase in the ¢-AST activity of serum for
both 0.25 and 0.5 mg concentrations of cadmium on 15 days period as compared to the 45 and 60 days
periods (Table 2). In addition, the ¢-AST activity in liver had a significant (p<0.05) increase from days
45 to 60. Also, the m-AST activity of serum increased during the study, but, its changes in the liver
was insignificant (p>0.05).

Several investigators have evaluated the effects of Cd on cellular dysfunction in different tissues
(Zhou et af., 2004; Joseph ef al., 2001; Goering ef af., 1994). Cd promotes an oxidative stress and
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forms molecular complexes that would cause to change function of intracellular organelles leading to
cell dead (Pulido and Parrish, 2003; Shaikh ef af., 1999). There is no any report on changes of AST
isoenzymes after Cd administration in short and long periods.

In vitro results based on kinetic data in agreement with Terrance (1874) revealed that the first and
second peaks were corresponded with ¢-AST and m-AST isoenzymes, respectively.

Present data showed an increase in the serum AST activity which supports the finding of
Kowalczyk er af. (2004). This increase might be due to the enzyme leakage from cells into blood. This
increase was not dose and time dependent, because, higher dose (0.5 mg kg™") of cadmium showed
slight activity as compared with the lower dose (0.25 mg kg™ of cadmium for 60 days period. Since,
cadmium in concentrations of less than 5 mM did not affect the activity of AST, thus we suggest that
the decreased AST in 60 days period, might be due to urinary excretion of AST from the kidneys. It
is important to mention that delayed failure of the kidneys by cadmium administration was already
described (Jarup, 2002).

We assume the inerease of serum m-AST and ¢-AST isoenzymes of serum during the
continuation of treatment might be due to cell damage leading to mitochondrial dysfimetion. In addition,
its synthesis mainly in the hepatocytes may contribute to increased level of m-AST. Tt should be noted
that cadmium toxicity in the liver was previously described (Rana ef al., 1996). The decreased specific
activity changes in the liver c-AST as compared to the liver m-AST in the short term (15 days
treatment) might be due to impairment in the membrane of hepatocytes. On the other hand, in the long
terms (45 and 60 days), both isoenzymes were increased in the serum and hepatocytes. Probably,
some inductive mechanisms involved in anabolic reactions in the liver that have led to inhibition of
oxidative stress (Hollis and Hogstrand, 2001) and excretion of cadmium (Klassen et af., 1999) might
have been increased activity of AST isoenzymes in hepatocytes.

In conclusion, the present data suggest that increased serum AST activity was not dependent on
time and dose of administrated cadmium. Furthermore, the changes of liver AST isoenzymes might be
due to early hepatotoxicity following oxidative stress and delayed synthesis of AST isoenzymes.
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