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The effects of �-ketoglutarate (�-KG) on ethanol-induced hepatotoxicity
were studied in biochemical experiments in rats. The levels of serum trans-
aminases and thiobarbituric acid reactive substances were significantly in-
creased in ethanol-treated rats. These levels were significantly decreased in
�-KG- and ethanol-treated rats. Further, non-enzymatic (vitamins C and E)
and enzymatic (superoxide dismutase and catalase) antioxidants were sig-
nificantly decreased in ethanol-treated rats, and were increased in �-KG-
and ethanol-treated rats.

The biochemical alterations during �-KG treatment could be due to
(i) the participation of �-KG in the non-enzymatic oxidative decarboxylation
in the hydrogen peroxide decomposition process and (ii) enhancing the
proper metabolism of fats which could suppress oxygen radical generation
and thus prevent the lipid peroxidative damages in rats.
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INTRODUCTION

Chronic alcohol intake is known to cause direct
and indirect toxic effects in mammals and humans
and is known to cause hepatocellular damages due
to the effects of byproducts such as acetaldehyde
and acetate [12, 18]. Chronic ethanol ingestion is
known to increase hepatotoxicity and produce fatty
liver with striking ultrastructural lesions, hepatitis
and cirrhosis [17, 10] and also to promote oxidative
stress in mammals and humans [19]. An increase in
the free radical production is likely to play a role in
the induction of severe cellular damages [24]. The
hydroxyl radical (OH•) formed by the action of hy-
drogen peroxide (H2O2) with Fe2+ in Fenton reac-
tion would also cause cell membrane damages [24].
The formation of protein adducts with reactive al-
dehydes resulting from ethanol metabolism, and
lipid peroxidation has also been suggested to play
a role in the pathogenesis of alcohol-evoked liver
injury [22].

�-Ketoglutarate (�-KG) is an intermediate in
the tricarboxylic acid (TCA) cycle and is the natu-
ral ubiquitous collector of amino groups in the tis-
sues [16]. Further, carnitine is also an important by-
product of �-KG metabolism [16]. Because of its
chemical structure, �-KG is a potent natural detoxi-
fying agent. In some applications, it is far more
powerful than vitamin C. One such application is
its use as an antidote to cyanide poisoning where it
reacts with cyanide molecule to form cyanohydrin
as reaction product. This cyanohydrin is further
metabolized by cell extracts to give ammonia and
carbon dioxide [9]. �-KG is known to offer protec-
tion in heart surgery. Further, it is known to de-
crease the levels of ischaemic markers, creatine ki-
nase and troponin T [14].

The detoxifying characteristics of �-KG have
been analyzed in the present study by estimating
the levels of transaminases, thiobarbituric acid re-
active substances (TBARS), non-enzymic antioxi-
dants (vitamins C and E) and enzymic antioxidants
(superoxide dismutase and catalase).

MATERIALS and METHODS

Adult male Wistar rats (weighing 180–220 g)
obtained from Central Animal House, Faculty of
Medicine, Annamalai University were kept at room
temperature (32 ± 2°C). All studies were conducted
in accordance with the National Institutes of Health

“Guide for the Care and Use of Laboratory Ani-
mals” [20]. Animals were randomized and sepa-
rated into four groups (Group I – control; Group II
– ethanol-treated, Group III – ethanol- and �-KG-
-treated, Group IV – �-KG-treated; n = 6 in each
group). Food pellets (Hindustan lever Ltd., Mum-
bai, India) and water were available ad libitum to
animals.

�-KG (disodium salt) was purchased from Sig-
ma Chemical Co., USA. Alcohol (99%) was pur-
chased from Merck Company, Germany. All other
chemicals used in this study were of analytical
grade. Group I (control) animals were treated with
physiological saline (0.9%). Group II animals were
administered 20% aqueous solution of ethanol [26]
(5 ml/day) with an intragastric tube. Ethanol and
saline treatments were continued for 60 days.
Group III animals were treated with 20% ethanol as
in group II along with �-KG as oral solution
(2 g/kg) [27, 35] and Group IV rats received �-KG
orally (2 g/kg) for 30 days.

Biochemical determinations were performed af-
ter 60 days of ethanol and/or �-KG administration.
Blood samples were collected from each group of
rats. Serum and plasma were separated. Various
biochemical analyses were done using blood, se-
rum, hemolysate and plasma samples. The levels of
aspartate transaminase (AST) and alanine trans-
aminase (ALT) were analyzed in serum [28], vita-
min C content was determined in blood [30], the
levels of TBARS [21], vitamin E [2] and catalase
[31] were measured in plasma, while the levels of
superoxide dismutase were evaluated in hemo-
lysate [13].

Analysis of variance and Student’s t-test were
carried out to detect the significant differences be-
tween control and experimental groups.

RESULTS

Alcohol-treated rats showed slight decreases in
body weights compared to the control group. Alco-
hol- and �-KG-treated group gained body weights
nearly as normal group. Group IV rats gained sig-
nificantly higher body weight than control rats
(Tab. 1).

The concentrations of TBARS in plasma were
increased significantly (p < 0.001) in alcohol-treated
group (Tab. 2). Group III (alcohol- and �-KG-treat-
ed) showed significantly lower levels (p < 0.001)
when compared to the corresponding alcohol-treated
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group (Tab. 2). TBARS levels were found to be

normal in �-KG-treated rats. Alcohol-treated (group

II) rats showed significant (p < 0.001) increase in

the activities of ALT and AST. The levels were al-

most normal in group III (alcohol- and �-KG-treated)

animals (Tab. 2). �-KG-treated rats (group IV)

showed near normal levels of ALT and AST.
Administration of ethanol caused a significant

decrease in the levels of vitamins C and E, when

compared to the control rats (Tab. 3). Ethanol- and

�-KG-treated groups showed significantly increas-

ed levels of vitamins C and E, when compared with

corresponding ethanol-treated group. �-KG-treated

rats showed significant increases in the levels of
antioxidant vitamins (C and E) when compared
with the controls. Similar alterations were observed
in the activities of enzymatic antioxidants (catalase
and superoxide dismutase) (Tab. 3).

DISCUSSION

Body weight changes

Our results revealed that ethanol-treated rats
showed decreases in body weights compared to the
control group. However, group III (ethanol- and
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Table 1. Body weight changes in the rats treated with ethanol and/or �-ketoglutarate (�-KG)

Groups
Body weight (g)

Initial body wt (g) Final body wt (g) Net gain (g)

Normal 182.5 ± 3.9 267 ± 5.1 84.5 ± 3.5

Ethanol 187.5 ± 5.62 243 ± 3.48 70 ± 4.76***

Ethanol + �-KG 190 ± 7.07 278.5 ± 4.08 88 ± 5.26***

�-KG 189.8 ± 2.60 287 ± 4.1 97.16 ± 6.3*

Group II is compared with Group I, Group III is compared with Group II, and Group IV is compared with Group I. Values represent
means ± SD (n = 6); * p < 0.05; *** p < 0.001; Student’s t-test

Table 2. Levels of TBARS, ALT and AST

Group TBARS
(nmol/ml)

Asparate amino transferase
(IU/l)

Alanine amino transferase
(IU/l)

Normal 1.87 ± 0.77 35.57 ± 2.98 141.97 ± 4.9

Ethanol 4.4 ± 1.75*** 47.41 ± 2.10*** 159 ± 2.25***

Ethanol + �-KG 2.416 ± 0.36*** 37.12 ± 2.05*** 145.3 ± 3.97***

�-KG 1.92 ± 0.66 36.4 ± 2.96 144.4 ± 5.6

Group II is compared with Group I, Group III is compared with Group II, and Group IV is compared with Group I. Values represent
means ± SD (n = 6); *** p < 0.001; Student’s t-test

Table 3. Levels of non-enzymatic and enzymatic antioxidants

Group Vitamin C
(mg/dl)

Vitamin E
(mg/dl)

SOD (50% inhibition of
NBT reaction/mg protein)

CAT
(mmoles/dl)

Normal 3.33 ± 0.75 3.58 ± 0.38 2.57 ± 0.31 3.54 ± 0.62

Ethanol 0.961 ± 0.35*** 1.8 ± 0.44* 1.42 ± 0.30*** 1.63 ± 0.60***

Ethanol + �-KG 2.435 ± 0.42*** 3.076 ± 0.88* 1.97 ± 0.41*** 2.53 ± 0.46*

�-KG 4.53 ± 0.56* 4.28 ± 0.42* 3.1 ± 0.04* 4.56 ± 0.45*

Group II is compared with Group I, Group III is compared with Group II, and Group IV is compared with Group I. Values represent
means ± SD (n = 6); * p < 0.05; *** p < 0.001; Student’s t-test



�-KG-treated) rats gained weights only slightly
compared to ethanol-treated group. It might be pos-
sible that alcohol-fed rats were malnourished and
that �-KG-treatment attenuated the malnutrition.
The weight gain in �-KG-treated group could also
be due to the increased synthesis of proteins [33].
Previous studies have shown that �-KG could effi-
ciently improve the nutritional status of protein-de-
pleted patients [27]. �-KG and oxaloacetate (the in-
termediates of TCA cycle) can be removed from
the cycle to serve as precursors of amino acids. As-
partate and glutamate possess the same carbon
skeletons as oxaloacetate and �-KG, respectively,
and are synthesized from them by transamination.
Through aspartate and glutamate, the carbons of
oxaloacetate and �-KG are used to build other
amino acids [16].

Lipid peroxidation

�-KG fulfills an important function in the for-
mation of carnitine [8]. Carnitine acts as a carrier of
fatty acids into cell mitochondria so that proper
metabolism of fats can proceed [29]. Ethanol was
reported to inhibit fatty acid oxidation [11]. Fur-
ther, ethanol was also known to increase lipid per-
oxidation and oxidative stress [5]. This could lead
to the increased levels of TBARS and decreased
levels of enzymatic and non-enzymatic antioxi-
dants in group II rats. Earlier reports showed that
elevated levels of �-KG offer protection against
oxidative damages, by participating in the non-
-enzymatic oxidative decarboxylation in the hydro-
gen peroxide decomposition process (Fig. 1) [15,
32]. Exogenous administration of �-KG could lead

to the normalization of fat metabolism, might in-
crease the oxidation of fats [4] and could offer pro-
tection against lipid peroxidation and oxidative
stress.

Thiamine deficiency and decreased activities of
thiamine pyrophosphate-dependent enzymes are
more common during chronic alcohol administra-
tion [6]. Reduction of the thiamine pyrophosphate-
-dependent �-KG dehydrogenase complex activity
(KGDHC; which is known to control the strictly
regulated and obligatory conversion of �-KG to
succinyl CoA in the TCA cycle) is reported during
chronic alcohol administration [3]. Further, reduc-
tion in the KGDHC activity is known to be asso-
ciated with oxidative stress [3, 8]. Exogenous ad-
ministration of �-KG might maintain the normal
activities of KGDHC, since, ethanol exposure had
no effect on the levels of intermediates of TCA cy-
cle – isocitrate, �-KG and malate as reported previ-
ously [25].

Transaminases

Serum transaminases are sensitive indicators of
liver cell injury [7]. Elevated levels of ALT and
AST in ethanol-treated rats might be related to
damage and destruction of these tissues [7, 34].
Earlier, it was reported that AST activity was inhib-
ited by elevated levels of �-KG [23]. Similarly,
�-KG (and also pyruvate) were known to elevate
vitamin C levels [1]. Our present findings corrobo-
rate the previous results. The increase in vitamin E
levels could be due to the decreased levels of free
radicals and TBARS in Group III rats.
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Fig. 1. Role of �-KG in non-enzymatic oxidative decarboxylation in the hydrogen peroxide decomposition process



In conclusion, exogenous administration of �-KG
could cause the biochemical alterations (i) by par-
ticipating in the non-enzymatic oxidative decar-
boxylation in the hydrogen peroxide decomposi-
tion process and (ii) by enhancing the proper
metabolism of fats which could suppress oxygen
radical generation and thus prevent the lipid per-
oxidative damages in rats.
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