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Abstract: Alcoholic liver disease (ALD) is one of the most common diseases in 
modern society. A large number of studies are in progress aiming to identify 
natural substances that would be effective in reducing the severity of ALD. 
Although there are currently a number of drugs on the market, their long-term 
use can have numerous side effects. Hemidesmus indicus is an indigenous 
Ayurvedic medicinal plant used in soft drinks in India. In this study, we 
examined the effects of its ethanolic root extract on experimental liver damage 
in order to evaluate its hepatoprotective effects against hepatotoxicity induced in 
rats by ethanol at a dosage of 5 g/kg body weight for 60 days. The H. indicus 
root extract was given at a dose of 500 mg/kg body weight for the last 30 days of 
the experiment. The animals were monitored for food intake and weight gain. 
The liver was analysed for the degree of lipid peroxidation using thiobarbituric 
acid reactive substances (TBARS) and antioxidant status using the activities of 
glutathione-depedendant enzymes. The degree of liver damage was analysed 
using serum marker enzyme activities, the total protein, albumin, globulin, 
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ceruloplasmin and liver glycogen contents, and the A/G ratio. The Fourier 
transform infrared spectra (FT-IR) of the liver tissues were recorded in the 
region of 4000-400 cm-1. The ethanol-fed rats showed significantly elevated 
liver marker enzyme activities, lipid peroxidation levels and reduced antioxidant 
levels as compared to the control rats. Oral administration of H. indicus for the 
latter 30 days resulted in an increased food intake and weight gain, decreased 
TBARS levels, near normal levels of glutathione-dependent enzymes, increased 
total protein, albumin, globulin and liver glycogen contents, an increased  
A/G ratio, and decreased liver marker enzyme activities and ceruloplasmin 
levels. The relative intensity of the liver FT-IR bands for the experimental 
groups were found to be altered significantly (p < 0.05) compared to the control 
samples. For the group that had H. indicus co-administered with ethanol, the 
intensity of the bands was near normal. Moreover, the results of the FT-IR study 
correlated with our biochemical results. 
 
Key words: FT-IR spectroscopy, Lipid peroxidation, Hemidesmus indicus, Rat 
liver 
 
INTRODUCTION 
 

One of the most common causes of chronic liver disease is alcohol consumption 
[1]. Free radicals and oxidative stress have been implicated in the pathogenesis 
of ethanol-induced liver injury in humans and experimental animals [2, 3]. The 
most extensively studied aspect of free radical-induced liver injury is lipid 
peroxidation. Free radical-mediated lipid peroxidation is considered to be  
a primary mechanism of cell membrane destruction and cell damage [4]. One of 
the most thoroughly investigated examples is lipid peroxidation stimulated by 
hepatotoxin-ethanol. There appears to be increasing evidence that alcohol 
toxicity may be associated with increased oxidative stress and free radical-
associated injury [5]. The generation of oxygen metabolites such as superoxide 
(•O2

-), hydrogen peroxide (H2O2) and the hydroxyl radical (•OH-) is believed to 
be important in the pathogenesis of alcoholic liver injury [3]. Glutathione is  
a tripeptide present in all mammalian cells. It participates in many metabolic 
processes, of which the protection of cells against free radicals and toxic 
metabolites is one of the most important.  
Fourier transform infrared (FTIR) microspectroscopy is considered an ideal tool 
for comparative studies. Infrared spectroscopy is a widely used method for 
analyzing molecular structure and structural interactions in biological systems. It 
measures the absorption of vibrating molecules, which result from the energy 
transitions of the vibrating dipoles. Very small alterations in bond lengths and 
angles can be detected by this technique, and so FT-IR has emerged as  
a powerful tool to investigate the structural changes of molecules in detail. With 
the development of sophisticated Fourier transform infrared spectrometers, there 
have been very rapid advances in the applications of IR spectroscopy to the 
study of biological molecules. Although the same information was obtained 
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from spectra recorded with dispersive instruments (IR) and interferometers, the 
FT-IR technique enables the rapid and reproducible recording of high resolution, 
low-noise spectra, even in aqueous media. The data acquisition process is 
automated. The data obtained is stored in digitally encoded formats that facilitate 
spectral interpretation with the aid of post-aquisation data manipulation 
algorithms. This property of the technique provides the accurate detection of 
small changes even in weak absorption bands [6]. Moreover, infrared 
spectroscopy has been used as a powerful method for the study of molecular 
structures and intermolecular interactions in biological tissues and cells [7]. 
Several authors have used infrared spectroscopy on biological substances like 
the muscles and liver. Severcan et al. [8] monitored liver microsomal membrane 
lipid peroxidation in diabetic rats by FTIR. Galin et al. [9] also investigated the 
changes in the primary, secondary and tertiary structures of nucleic acids in rats 
exposed to gamma radiation via FT-IR spectroscopic studies. 
Biological macromolecules are classified as proteins, lipids, nucleic acids and 
polysaccharides. One of the remarkable characteristics of living organisms is 
how many macromolecules they utilize, and what different and important roles 
these play in their physiological systems. The functioning of all biological 
macromolecules depends on their shape and three-dimensional structures. They 
provide us a very clear example and a very sensitive expression of the 
relationship between molecular structures and the chemical and physical 
properties of a substance [7]. These biochemicals are highly sensitive to ethanol, 
and ethanol-induced impairment in biochemical synthesis has been reported by 
many investigators [10]. 
Medicinal plants that are commonly included in Ayurvedic recipes for liver 
ailments have recently drawn much attention, as they seem to have 
hepatoprotective properties, and there is no reliable hepatoprotective drug 
available in modern medicine. The research conducted on several natural plant 
products used as heptoprotective agents is well documented [11].  
Hemidesmus indicus (Asclepiadaceae) is a widely distributed medicinal plant 
in India. It has been used as a traditional medicine in the treatment of 
biliousness, blood diseases, diarrhea, respiratory disorders, skin diseases, 
syphilis, fever, bronchitis, asthma, eye diseases, epileptic fits in children, 
kidney and urinary disorders, loss of appetite, burning sensations and 
rheumatism [8]. Jain and Singh [9] reported that H. indicus is employed in 
traditional medicine for gastric ailments. Its extract mainly consists of essential 
oils and phytosterols, like hemidesmol, hemidesterol and saponins. The active 
principle of H. indicus is 2-hydroxy 4-methoxy benzoic acid (HMBA) [12].  
It is also known to have antioxidant properties [13]. Although the protective 
effect of H. indicus against rifampicin and isoniazid-induced hepatotoxicity in 
rats [14] and CCl4- and paracetamol-induced hepatic damage [15] are known, 
the effect of H. indicus is not yet clear in the case of ethanol-induced 
hepatoxicity. Due to the wide pharmacological actions of H. indicus and recent 
interest [16], this study was undertaken to establish the hepatoprotective effect 
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of H. indicus on an animal model of ethanol-induced liver damage using  
a Fourier transform infrared spectrometer. 
 
MATERIALS AND METHODS 
 
Chemicals 
All the chemicals used for the assays were of analytical grade. The solvents were 
distilled before use.  
 
Hemidesmus indicus 
The plant material (H. indicus) was collected from a local market, and identified 
and authenticated by the Department of Botany of Annamalai University. The 
roots were cleaned, shade-dried and disintegrated. An ethanolic extract was 
prepared [17] using a soxlet apparatus, and screened for its hepatoprotective 
property. The ethanolic extract (yield: 9.2%) was dark brown in color and sticky 
in consistency, and gave positive results for flavonoids, terpenoids, tannins, 
coumarins and glycoside, and negative results for alkaloids, anthraquinones, 
lactones/esters, proteins/amino acids and saponins [18]. 
 
Animals  
Male Wister rats with body weights of 130-180 g, bred in the Central Animal 
House, Rajah Muthiah Medical College, were used for the study. The animal 
handling and experimental procedures were approved by the Institutional 
Animal Ethics committee, Annamalai University (Registered number: 160/1999/ 
CPCESA), and the animals were treated in accordance with the principles and 
guidelines of Indian National Law on animal care and use. The animals were fed 
ad libitum with water and a normal laboratory pellet diet (Amrut Laboratory 
Animal Feed, Pranav Agro Industries Ltd., Bangalore, India), consisting of 
protein (22.21%), fat (3.32%) and fiber (3.11%), balanced with carbohydrates  
(> 67%), vitamins and minerals.  
 
Study design 
The animals were divided into four groups of 10 each. Groups 1 and 2 received  
a normal diet and isocaloric glucose from a 40% glucose solution in 1% carboxy 
methyl cellulose (CMC) daily by intragastric intubation. Liver cell damage was 
induced in the rats of groups 3 and 4 by administering 20% ethanol  
(5.0 g/kg b.w./day) [19] as an aqueous solution using an intragastric tube daily 
for 30 days. At the end of this period, the animals were treated as follows for  
a further 30 days. The group 1 animals continued to receive the standard pellet 
diet and isocaloric glucose from the 40% glucose solution in 1% CMC; this 
group served as the control. The group 2 animals continued to receive the 
standard pellet diet and isocaloric glucose from the 40% glucose solution, and 
were also given the ethanolic root extract of H. indicus (500 mg/kg b.w./day 
p.o.) [20] in 1% CMC by intragastric intubation every day. The group 3 animals 
continued to receive the standard pellet diet, 20% ethanol and 1% CMC daily. 
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The group 4 animals continued to receive the standard pellet diet and 20% 
ethanol, and also the ethanolic extract of H. indicus (500 mg/kg b.w./day p.o.) in 
1% CMC every day. The total duration of the experiment was 60 days. 
The animals were fasted overnight, anaesthetized with an intramuscular injection 
of ketamine hydrochloride (30 mg/kg b.w.) and killed by cervical decapitation. 
Blood samples were collected in plain tubes, and then centrifuged for the 
separation of serum. The liver tissues were immediately homogenised and used 
for the various biochemical assays. For the histopathological study, three 
animals from each group were perfused with formalin (10%), and their tissues 
were separated and stored in 10% formalin. They were later sectioned using  
a microtome, dehydrated in graded alcohol, embedded in paraffin sections, and 
stained with haemotoxylin and eosin.  
 
Lipid peroxidation and enzyme assays 
The assay for lipid peroxidation was carried out by measuring the levels of 
thiobarbituric acid reactive substances (TBARS) in the tissues by the method of 
Ohkawa [21] and Yagi [22]. The pink chromogen produced by the reaction of 
malondialdehyde, a secondary product of lipid peroxidation with thiobarbituric 
acid, was estimated at 532 nm. Serum aspartate aminotransferase (AST, EC 
2.6.1.1) and serum alanine aminotransferase (ALT, EC 2.6.1.2) were assayed 
using a diagnostic kit based on the method of Reitman and Frankel [23]. The 
serum alkaline phosphatase activity (ALP, EC 3.1.2.3.1) was estimated using  
a diagnostic kit based on Kind and King’s method [24, 25]. The serum  
γ-glutamyl transpeptidase activity (GGT, EC 2.3.2.2) was assayed according to 
the method of Rosalki and Rau [26]. The activity of lactate dehydrogenase  
(LDH, EC 1.1.1.27) was estimated by the method of King [25]. The activity of 
glutathione peroxidase (GPx, EC 1.11.1.9) was assayed by the method of 
Rotruck et al. [27]. A known amount of enzyme preparation was incubated with 
H2O2 in the presence of GSH for a specified time period. The amount of H2O2 
utilized was determined by the method of Ellman [28]. The enzyme activity was 
expressed as µmoles of GSH consumed/min/mg protein. The reduced 
glutathione (GSH) content in the tissues was assayed by the method of Ellman 
[28]. GSH estimation was based on the development of a yellow color when  
5,5-dithiobis (2-nitro benzoic acid) di-nitrobisbenzoic acid was added to 
compounds containing a sulphydryl group. The activity of GR (EC. 1.6.4.2) was 
assayed by the method of Rotruck et al. [27] and Carlberg and Mannervik [29]. 
Glutathione-S-transferase (GST) was assayed by the method of Habig and Jakoby 
[30]. Protein contents were estimated by the method of Lowry et al. [31] using 
bovine serum albumin as the standard. The serum total protein and albumin were 
estimated by Biuret’s method [32]. The serum globulin concentration was 
calculated using the following formula after the estimation of the total protein 
and albumin contents: Globulin = Total protein – Albumin. The serum 
ceruloplasmin level was estimated by the method of Ravin [33]. The liver 
glycogen content was estimated by the method of Morales et al. [34]. 
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Fourier transform infrared spectroscopy analysis 
The whole liver tissue samples from each group of rats were isolated and 
homogenized with a 0.2 M phosphate buffer, pH 7.4, and centrifuged at  
100,000 × g for 10 min. The membrane-rich parts of these homogenates were 
lyophilized and made into a fine powder to be used for FT-IR analysis [35].  
5 mg of membrane-rich sample was mixed with 100 mg of dried potassium 
bromide, and again lyophilized in order to remove bound water, which might 
interfere with the measurement of the amide band. This was then subjected to  
a pressure of 5 x 106 pa, and made into a clear pellet of 13 mm diameter and  
1 mm thickness. The absorbance spectra were recorded using the Spectrum  
RX I FT-IR System (Nicolet Instrument Corporation, Madison, USA). For each 
spectrum, 8 scans were recorded, at a spectral resolution of 4 cm-1. The 
frequencies for all the sharp bands were accurate to 0.01 cm-1. The spectrometer 
was continuously purged with dry nitrogen. The absorption intensity of the peak 
was calculated using the baseline method. Each observation was confirmed by 
taking at least three replicates. The spectra were recorded in the range  
4000-400 cm-1 [36]. Peak normalization was done with respect to 1654 cm-1. The 
average band intensity was calculated for the band 3012 cm-1.  
 
Statistical analysis 
The data was analyzed via the one-way analysis of variance (ANOVA) followed 
by Duncan’s multiple range test (DMRT) using a commercially available 
statistics software package (SPSS® for Windows, V. 13.0, Chicago, USA). All 
the groups were compared simultaneously by DMRT. In the Tabs below, if  
a superscript letter for two entries is the same, it indicates that there is no 
significant difference between the two. If the superscript letters are different, 
then the two are significantly different (p < 0.05). The results are presented as 
means ± SD. p values < 0.05 were regarded as statistically significant. 
 
RESULTS 
 
Biochemical changes 
Tab. 1 shows the average weight gain, average food intake and liver to body 
weight ratio for the control and experimental rats during the experimental 
period. The average food intake and the average weight gain were significantly 
reduced in the rats receiving ethanol, and their liver to body weight ratio was 
significantly increased as compared to the results for the control animals. Rats 
that had H. indicus co-administered along with ethanol from the 31st day showed 
a significant weight gain, an increased food intake and a decreased liver to body 
weight ratio as compared to the untreated ethanol-fed rats. 
In Tab. 2, it can be seen that the administration of ethanol produced severe liver 
damage  as  indicated  by the  marked increase in the serum AST, ALT, ALP, 
GGT and LDH activities. However, upon H. indicus co-administration, there 
was a significant reversal in these values. 
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Tab. 1. The effect of H. indicus on the body weight and liver to body weight ratio of the 
control and ethanol-administered rats. 
 

Body weight 
Groups 

Day 1 Day 60 
Net gain [g] Average food 

intake [g] 
Liver wt  

x 100/body wt 

Control 145.11 ± 6.34 226.07 ± 10.93 80.97 ± 4.61c 9.18 ± 0.25c 2.77 ± 0.14a 
H. indicus 142.04 ± 6.84 224.46 ± 12.33 82.42 ± 5.51c 9.27 ± 0.25c 2.81 ± 0.23a 
Ethanol 140.54 ± 7.33 152.61 ± 6.53 12.07 ± 0.96a 7.55 ± 0.26a 5.19 ± 0.38c 
Ethanol +  H. indicus 144.39 ± 6.20 198.94 ± 3.46 54.56 ± 5.67b 8.71 ± 0.22b 3.18 ± 0.07b 

 

The values are the means ± SD for the 10 rats in each group. Values not sharing a common 
superscript letter within each column differ significantly at p < 0.05 (DMRT). 
 
Tab. 2. The effect of H. indicus on the hepatic marker enzymes of the control and ethanol-
administered rats. 
 

Groups AST (IU/l) ALT (IU/l) ALP (IU/l) GGT (IU/l) LDH (IU/l) 

Control 75.66 ± 3.39a 26.89 ± 1.28b 102.77 ± 22.11a 2.27 ± 0.66a 120.17 ± 3.08a 
H. indicus  80.69 ± 2.50a 21.41 ± 0.56a 111.80 ± 14.09a 2.03 ± 0.46a 130.02 ± 3.34b 
Ethanol 127.91 ± 7.13c 58.11 ± 1.85c 158.39 ± 5.43b 7.33 ± 1.23c 332.95 ± 8.55d 
Ethanol + H. indicus 97.56 ± 4.49b 27.81 ± 2.16b 108.64 ± 23.15a 3.11 ± 0.06b 159.58 ± 4.10c 
 

The values are the means ± SD for the 10 rats in each group. Values not sharing a common 
superscript letter within each column differ significantly at p < 0.05 (DMRT). 
 
Tab. 3. The effect of H. indicus on the hepatic TBARS, GSH, GPx, GR and GST of the 
control and ethanol-administered rats. 
 

Groups TBARS 
(mmol/mg tissue)

GSH 
(mmol/mg protein)

GPx 
(U*/mg protein)

GR 
(U**/mg tissue) 

GST  
(U***/mg tissue) 

Control 0.73 ± 0.05a 17.64 ± 0.37c 13.22 ± 1.06b 21.81 ± 2.44b 7.50 ± 0.87c 
H. indicus 0.66 ± 0.22a 18.50 ± 0.34d 15.02 ± 1.20b 21.27 ± 1.99b 7.22 ± 0.62c 
Ethanol 1.92 ± 0.06c 10.02 ± 0.39a 6.00 ± 0.48a 11.78 ± 1.00a 3.54 ± 0.31a 
Ethanol + H. indicus 0.83 ± 0.04b 15.15 ± 0.32b 12.50 ± 1.00b 20.84 ± 1.49b 5.60 ± 0.69b 

 

*µmoles of glutathione utilized/minute, **µmoles of NADPH oxidised/minute, ***µmoles of GSH-
CDNB conjugate formed/minute. The values are the means ± SD for the 10 rats in each group. 
Values not sharing a common superscript letter within each column differ significantly at  
p < 0.05 (DMRT). 
 
Tab. 3 shows the levels of hepatic TBARS and activities of GSH, GPx, GR and 
GST for the livers of the control and experimental animals. Lipid peroxidation as 
indicated by TBARS was significantly higher in the livers of the rats that had 
ethanol administered to them than in those of the normal control rats. Upon  
H. indicus supplementation to the ethanol-fed rats, the TBARS level was  
lowered significantly in the liver as compared to the level for the 
unsupplemented ethanol-fed rats. The GSH, GPx, GR and GST activities in the 
livers of the rats receiving ethanol were significantly lower than those for the 
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control rats. Treatment of ethanol-administered rats with the H. indicus extract 
significantly elevated the glutathione-dependent enzyme activities as compared 
with those for animals receiving ethanol alone. 
Tab. 4 shows the levels of serum total protein, albumin, globulin, ceruloplasmin 
and liver glycogen contents and the A/G ratio. The serum total protein, albumin, 
globulin and liver glycogen contents and the A/G ratio were significantly 
decreased, and the serum ceruloplasmin level was significantly increased in 
ethanol-fed animals. Upon treatment with H. indicus, there was a significant 
increase in the total protein, albumin, globulin and liver glycogen contents and 
the A/G ratio, and a decrease in the serum ceruloplasmin level as compared with 
those animals receiving ethanol alone.  
 
Tab. 4. The effect of H. indicus on the serum total protein, albumin, globulin, 
ceruloplasmin and liver glycogen contents and the A/G ratio of the control and ethanol-
administered rats. 
 

Groups Control H. indicus Ethanol Ethanol + H. indicus 

Total protein (g/dl) 6.44 ± 0.14b 6.29 ± 0.17b 5.55 ± 0.11a 6.65 ± 0.19b 
Albumin (g/dl) 3.75 ± 0.26b 3.55 ± 0.08b 2.80 ± 0.11a 3.60 ± 0.32b 
Globulin (g/dl) 2.71 ± 0.15a 2.73 ± 0.17a 2.75 ± 0.08a 3.05 ± 0.18b 
A/G Ratio 1.36 ± 0.03c 1.30 ± 0.09c 1.01 ± 0.05a 1.18 ± 0.17b 
Cereloplasmin  (mg/dl) 17.53 ± 0.45a 16.54 ± 0.42a 32.90 ± 0.84d 21.27 ± 0.54c 
Glycogen (mg/g of tissue) 25.26 ± 0.65d 23.83 ± 0.61c 17.14 ± 0.44a 20.59 ± 0.53b 
 

The values are the means ± SD for the 10 rats in each group. Values not sharing a common 
superscript letter within each row differ significantly at p < 0.05 (DMRT). 
 

 
Fig. 1. Representative FT-IR spectra of rat liver tissues. A – Control, B – Control +  
H. indicus, C – Ethanol and D – Ethanol + H. indicus.  
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FT-IR spectral changes 
Fig. 1 shows the representative FT-IR spectra of the control (A), H. indicus-
treated (B), ethanol-treated (C) and H. indicus + ethanol-treated (D) rat liver 
tissues in the CH region (4000-2400 cm-1). The FT-IR spectra revealed 
significant differences in the absorbance intensities between the control, ethanol- 
and H. indicus-supplemented tissues. The average band intensities for the band 
at 3012 cm-1 for the control and experimental groups are shown in Tab. 5.  
 
Tab. 5. The effect of H. indicus on the average band intensity for the peak at 3012 cm-1 for 
normal and ethanol-administered rat liver tissue, as yielded by the FT-IR study. 
 

Groups Average band intensity 

Control 0.032 ± 0.003a 
H. indicus 0.036 ± 0.004a 
Ethanol 0.126 ± 0.003b 
Ethanol + H. indicus 0.053 ± 0.005c 

 

The values are expressed as the means ± S.D. for six of the rats in each group. Values not sharing a common 
superscript differ significantly at p < 0.05 (DMRT). 
 
 

Fig. 2. Representative photomicrographs of histopathological changes due to H. indicus 
treatment in the liver of control and experimental rats. A – Control animal liver showing 
the central vein and hepatocytes arranged in the form of cords: H&E x 20. B – Liver tissue 
from a control rat treated with H. indicus showing normal histology: H&E x 20.  
C – Ethanol-administered rat liver: H&E x 20. Feathery degeneration, micro- and 
macrovesicular fatty changes, periportal fibrosis and vascular congestion in the liver.  
D – Ethanol + H. indicus-treated rat liver: H&E x 20. Normal histology was observed; 
however, the central vein shows congestion.  
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Histopathological changes 
The histopathological changes to the liver tissue are shown in Fig. 2. The liver 
samples of the rats that received ethanol showed feathery degeneration, micro- 
and macrovesicular fatty changes, periportal fibrosis and vascular congestion. In 
the rats that were treated with H. indicus and ethanol, the liver showed normal 
histology with mild congestion of the central vein. The control rats treated with 
H. indicus had normal liver histology. 
 
DISCUSSION 
 
Weight gain was significantly reduced in rats that were given ethanol for a long 
period of time compared to the untreated controls. The waste of energy by the 
microsomal ethanol-oxidizing system during ethanol metabolism could be one of 
the causes for the decreased weight gain [37]. Other causes are mitochondrial 
insufficiency in fatty acid oxidation secondary to chronic alcohol consumption 
and acetaldehyde toxicity [38]. A significant improvement in the body weight 
gain was observed upon H. indicus treatment; this may be due to the inhibitory 
effect of H. indicus on liver microsomes. The ratio between the liver weight and 
total body weight significantly decreased in ethanol-fed rats receiving the  
H. indicus extract as compared to those of the unsupplemented ethanol-fed rats; 
this may be because the extract increases the elimination of ethanol directly from 
the intestines without absorption or because H. indicus consumption prevents fat 
accumulation in the liver. Liver damage after ethanol ingestion is a well-known 
phenomenon, and the obvious sign of hepatic injury is the leakage of cellular 
enzymes into the plasma [39]. The increased levels of serum enzymes such as 
AST, ALT, ALP, GGT and LDH observed in the ethanol-administered rats may 
indicate the increased permeability, damage and/or necrosis of hepatocytes [40]. 
H. indicus extract supplementation showed a marked hepatoprotective effect 
which correlates with the results of previous researchers [15]. This is evidenced 
by the reversal of the changes produced by ethanol. Moreover, the observed 
decrease in the activities of these enzymes shows that H. indicus, to a certain 
extent, preserves the structural integrity of the liver from the toxic effects of 
ethanol. 
Albumin and globulins are two key components of serum proteins. As albumin 
is synthesized in the liver, it can be used as a biomarker to monitor liver function 
[41]. Lower contents of serum total proteins, especially albumin, were seen in 
the ethanol-administered rats [42], demonstrating the decreased functional 
ability of the livers of the rats that had received ethanol. In addition, the lower 
A/G ratio (< 1) is a sign of poor health. A significant increase in the serum total 
protein, albumin and A/G ratio was observed in the rats that had H. indicus  
co-administered. This stabilization of serum protein levels is a clear indication of 
H. indicus being related to an improvement in the functional status of the liver 
cells. 
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Ceruloplasmin is an important enzyme that oxidises iron from the ferrous to the 
ferric state. It has been demonstrated that iron-catalysed lipid peroxidation 
requires both Fe (II) and Fe (III), and the maximum rate occurs when the ratio is 
approximately one [43]. The serum ceruloplasmin levels are reported to increase 
under diseased conditions, leading to the generation of oxygen products such as 
superoxide radicals and hydrogen peroxide [44]. The observed increase in serum 
ceruloplasmin in the ethanol-fed rats may be caused by increased lipid peroxide 
levels. Administration of H. indicus to ethanol-fed rats restored the serum 
ceruloplasmin concentration to near normal levels, indicating the beneficial 
effects of H. indicus. 
Ethanol-induced stress mainly disturbs the rate of carbohydrate metabolism, 
altering the glycogen profile. The level of glycogen, a reserve energy source, is 
decreased during ethanol treatment [45]. A fall in the glycogen profile in the 
liver tissue indicates the possibility of glycogenolysis, and an extensive 
utilization of energy stores. This stepped-up utilization is to meet the extra 
demands of energy necessitated by the quick and brisk movement which the 
animal shows in its behavioral response during the initial period of ethanol 
treatment. Treatment with H. indicus restored the liver glycogen levels to near 
normal, indicating the advantageous effect of H. indicus. 
Oxidation of the polyunsaturated fatty acids (lipid peroxidation) present in the 
membranes is a common process in living organisms, since they are the targets 
of oxygen-derived free radicals produced during mitochondrial electron 
transport [46]. Increased lipid peroxidation associated with chronic ethanol 
administration is an indicator of oxidative stress, and has been determined in 
both animal models and human clinical trials. Excess lipid peroxidation, as 
measured by the formation of TBARS, has been found in most studies [47]. In 
agreement with these findings, the ethanol-administered rats showed increased 
levels of lipid peroxidation markers such as TBARS in their tissues. Increased 
peroxidation can result in changes in the cellular metabolisms of the hepatic and 
extrahepatic tissues. Moreover, the products of lipid peroxidation formed in the 
primary site can reach other organs and tissues via the bloodstream, provoking 
lipid peroxidation there and consequently causing cellular and tissue damage 
[48]. Increased accumulation of lipid peroxidation products in the cells can 
result in cellular dehydration, whole cell deformity, and cell death [49].  
Lipid peroxidation is an important cause of alcoholic liver disease [50]. Free 
radical generation and lipid peroxidation products play a pivotal role in the 
mechanism by which ethanol exerts its toxic effects on the liver and other 
extrahepatic tissues [46]. In our study, H. indicus co-administered rats showed 
significantly decreased levels of these lipid peroxidative markers as compared to 
the ethanol-fed rats. In this context, Mary et al. [51] reported the antioxidant 
property of H. indicus based on in vitro studies. Decreased lipid peroxidation 
upon H. indicus extract administration suggests the decreased impact of ROS on 
the membranes, and thereby increased protection against ethanol-induced liver 
injury. Thus, the inhibition of lipid peroxidation by H. indicus may be one of the 
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mechanisms by which H. indicus exerts its protection against ethanol-mediated 
tissue injury. Some studies have shown that treatment with silymarin protects the 
liver, probably by decreasing lipid peroxidation [52]. H. indicus may have  
a similar mode of action.  
Glutathione is a major non-protein thiol in living organisms. It plays a central 
role in co-ordinating the antioxidant defense processes in our body. Glutathione 
reacts directly with ROS and electrophilic metabolites, protects essential thiol 
groups from oxidation, and serves as a substrate for several enzymes including 
glutathione peroxidase (GPx), glutathione reductase (GR) and glutathione-S-
transferase (GST). We observed decreased levels of reduced glutathione (GSH), 
GPx, GR and GST in the livers of the ethanol-fed rats, representing increased 
utilization to counter the excessive oxidative stress. The shortage of NADPH 
(due to the increased oxidation of ethanol by MEOS, which uses NADPH as  
a cofactor) suppresses the reduction of oxidized glutathione by glutathione 
reductase and subsequently decreases the reduced glutathione content. 
Moreover, the generation of large quantities of acetaldehyde during ethanol 
metabolism will ultimately deplete cellular GSH pools, the -SH group being 
utilized for conjugation. Perturbation in the redox status of GSH can not only 
impair the cellular defense against toxic compounds, but also result in enhanced 
oxidative stress and oxidative injury [53]. Lowered GR activity results in the 
accumulation of highly reactive free radicals leading to deleterious effects such as 
loss of cell membrane integrity and function. Decreased activities of GST in 
vitro and in vivo make the organism more vulnerable to alkylating agents  
[54, 55]. Our observation also reveals that ethanol decreases the activity of GST 
towards the substrate CDNB in the rat liver, which correlates with our earlier 
reports [56]. 
H. indicus co-administered rats showed significantly improved GSH, GPx, GR 
and GST levels as compared to ethanol-fed rats. The results obtained suggest 
that the maintenance of cellular reduced glutathione levels by H. indicus was 
mainly due to the inactivation of ROS via its radical scavenging effects, sparing 
the antioxidant enzymes such as SOD [57] and CAT. Restoration of GSH, GPX, 
GR and GST levels has been shown to inhibit alcohol toxicity [58, 59]. 
Therefore, it may be presumed that the effects of H. indicus act as  
a normalization mechanism whereby adequate levels of glutathione and its 
dependent enzymes are maintained for the detoxification of xenobiotics. 
A number of reports show that a phenolic OH is essential for both antioxidant 
activity and free radical kinetics [60]. A model compound with an 
orthosubstituted hydroxyl group to the aromatic ring seems to be adequate for 
the antioxidant and H2O2- or DPPH-scavenging activity of phenolic acids [61]. 
The phenolic compounds act as effective donors or oxygen acceptors in the 
presence of H2O2 [62, 63]. It has been reported that compounds with a hydroxyl 
group in the ortho position of the phenolic ring have peroxyl radical- and 
superoxide-scavenging properties [64]. As the active principle of H. indicus is 



Vol. 13. No. 1. 20087         CELL. MOL. BIOL. LETT.         
 

32

HMBA, which also has a hydroxyl group in the ortho position of the phenolic 
ring, the extract may be a potent antioxidant. 
Infrared spectra reflect the total chemical composition of cells, and some of the 
spectral bands can be assigned to distinct functional groups or chemical 
substructures. The increasing use of FT-IR spectroscopy demonstrates that this 
technique is a valuable tool because of its ability to monitor simultaneously 
protein, lipid and poly-saccharide components.  
The FT-IR spectrum of a natural membrane is very complex and consists of 
several bands. The main absorptions observed in the CH stretching region in the 
spectra are labeled in Fig. 1. The olefinic band (3012 cm-1) is one of the weakest 
bands in the spectrum; it arises from the unsaturated lipids. It is known that 
unsaturated lipids are more prone to lipid peroxidation [65]. The intensity, or 
more accurately the area of the absorption bands is directly related to the 
concentration of the molecules [66, 67] Therefore, the intensity of this band can 
be used as an index of lipid peroxidation. In this study, the olefinic band  
(3012 cm-1) was investigated for monitoring the lipid peroxidation status of rat 
liver microsomal membranes. The stronger bands in the CH stretching region 
(bands 2957, 2924 and 2853cm-1) are mainly due to saturated lipids [68-70], and 
these bands are not discussed here. The mean values of the intensity and 
statistical significance of these values were calculated and compared. The 
average band intensity of 3012 cm-1 was increased in the ethanol-fed animals, 
which may be due to the loss of unsaturation during lipid peroxidation reactions, 
and to the presence of double bonds in the lipid peroxidation products such as 
malondialdehyde, lipid aldehydes, and alkyl radicals. Hence, the intensity of the 
olefinic band was increased due to the accumulation of end products of lipid 
peroxidation. Our results are in accordance with the study of Liu et al. [71]. The 
average band intensity reverted to near normal when the ethanol-fed animals 
were treated with the H. indicus extract, which may be due to the antioxidant 
properties of the extract.  
Moreover, alcohol administration produces a spectrum of histological 
abnormalities in the liver, as described earlier [72]. The liver histology of the 
ethanol-fed rats showed pathomorphological alterations (Fig. 2). These changes 
were predominant in the centrilobular region having reduced oxygen perfusion. 
Hepatic damage may be partially attributed to cytochrome P450-dependent 
enzyme activities in liver; that tends to be present in greatest concentration near 
the central vein and lowest near the peripheral sites [73]. Treatment with  
H. indicus reduced the histological changes produced by ethanol and 
significantly reversed the alcohol-induced liver changes. 
The ability of H. indicus to enhance the levels of antioxidants along with its 
antilipid-peroxidative activity suggest that this extract might be potentially 
useful in counteracting free radical-mediated injuries involved in the 
development of tissue damage caused by ethanol abuse. In this investigation, the 
FT-IR spectra patterns showed a remarkable recovery from the adverse effects of 
ethanol intoxication, upon Hemidesmus indicus supplementation.  



CELLULAR & MOLECULAR BIOLOGY LETTERS 
 

33 
 

REFERENECES 
 
1. Diehl, A.M. Liver disease in alcohol abusers: clinical perspective. Alcohol 

27 (2002) 7-11. 
2. Lin, C.N., Chung, M.I. and Gan, K.H. Novel antihepatotoxic principles of 

Solanum incanum. Planta Med. 54 (1988) 222. 
3. Zima, T., Fialova, L., Mestek, O., Janebova, M., Crkovska, J., Malbohan, I., 

Stipek, S., Mikulikova, L. and Popov, P. Oxidative stress, metabolism of 
ethanol and alcohol-related diseases. J. Biomed. Sci. 1 (2001) 59-70. 

4. Plaa, G.L. and Witschi, H. Chemicals, drugs and lipid peroxidation. Annu. 
Rev. Pharmacol. Toxicol. 6 (1976) 125-141. 

5. Cederbaum, A.I. Role of lipid peroxidation and oxidative stress in alcohol 
toxicity. Free Radic. Biol. Med. 7 (1989) 537-539. 

6. Lewis, R.N.A.H. and McElhaney, R.N. Fourier transform infrared 
spectroscopy in the study of hydrated lipids and lipid bilayer membranes. In: 
Infrared Spectroscopy of Biomolecules (Mantsch, H.H. and Chapman D., 
Eds.) Wiley- Liss, New York, 1996, 159.  

7. Wong, P.T.T., Lacelle, S. and Yazdi, H.M. Normal and malignant human 
colonic tissues investigated by pressure-tunning FT-IR spectroscopy. Appl. 
Spectrosc. 47 (1993) 1830-1836. 

8. Severcan, F., Gorgulu, G., Gorgulu, S.T. and Guray, T. Rapid monitoring of 
diabetes-induced lipid peroxidation by Fourier transform infrared 
spectroscopy: Evidence from rat liver microsomal membranes. Anal. 
Biochem. 339 (2005) 36-40. 

9. Galin, D., Gridina, N.Y., Kruglova F.B. and Pushchuk, O.P. FT-IR 
spectroscopy studies of nucleic acids damage. Talanta 53 (2000) 233-246. 

10. Kerai, M.D.J., Waterfield, C.J., Kenyon, S.H., Asker, D.S. and Timbrell, 
J.A. Reversal of ethanol induced hepatic steatosis and lipidperoxidation by 
taurine: a study in rats. Alcohol 34 (1999) 529-541. 

11. Saravanan, R., Viswanathan, P. and Pugalendi, K.V. Protective effect of 
ursolic acid on ethanol-mediated experimental liver damage in rats. Life Sci. 
78 (2006) 713-718. 

12. Alam, M. I., Auddy, B. and Gomes, A. Isolation, purification and partial 
characterization of viper venom inhibiting factor from the root extract of the 
Indian medicinal plant sarsaparilla (Hemidesmus indicus R.Br). Toxicon 2 
(1994) 1551-1557. 

13. Saravanan, N., Rajasankar, S. and Nalini, N. Antioxidant effect of  
2-hydroxy 4-methoxy benzoic acid on ethanol-induced hepatotoxicity in 
rats. J. Pharm. Pharmacol. 59 (2007) 445-453. 

14. Prabakan, M., Anandan, R. and Devaki, T. Protective effect of Hemidesmus 
indicus against rifampicin and isoniazid-induced hepatotoxicity in rats. 
Fitoterapia 71 (2000) 55-59. 

15. Baheti, J.R., Goyal, R.K. and Shah, G.B. Hepatoprotective activity of 
Hemidesmus indicus R.Br.in rats. Indian J. Exp. Biol. 44 (2006) 399-402. 



Vol. 13. No. 1. 20087         CELL. MOL. BIOL. LETT.         
 

34

16. Sarasan, V., Soniya, E.V. and Nair, G.M. Regeneration of Indian 
sarasaparilla, Hemidesmus indicus R.Br. through organogenesis and somatic 
embryogenesis. Indian J. Exp. Biol. 32 (1994) 284-287. 

17. Anonymous. Indian Pharmacopoeia, second edition. Government of India, 
New Delhi, 1966, 57. 

18. Verma, P.R., Joharapurkar, A.A., Chatpalliwar, V.A., Asnani, A.J. 
Antinociceptive activity of alcoholic extract of Hemidesmus indicus R.Br. in 
mice. J. Ethnopharmacol. 102 (2005) 298-301. 

19. Enomoto, N.,Yamashina, S., Kono, H., Schemmer, P., Rivera, C.A., 
Enomoto, A., Nishiura, T., Nishimura, T., Brenner, D.A. and Thurman, R.G. 
Development of a new, simple rat model of early alcohol-induced liver 
injury based on sensitization of Kupffer cells. Hepatology 29 (1999) 1680-
1689. 

20. Das, S., Prakash, R. and Devaraj, S.N. Antidiarrhoeal effects of methanolic 
root extract of Hemidesmus indicus (Indian sarsaparilla) – an in vitro and in 
vivo study. Indian J. Exp. Biol. 41 (2003) 363-366. 

21. Ohkawa, H., Ohishi, N. and Yagi, K. Assay for lipid peroxides in animal 
tissues by thiobarbituric acid reaction. Anal. Biochem. 95 (1979) 351-358. 

22. Yagi, K. Lipid peroxides and human disease. Chem. Physiol. Lipids 45 
(1978) 337-351. 

23. Reitman, S. and Frankel, S. A colorimetric method for the determination of 
serum glutamate oxaloacetic and glutamate pyruvic transaminases. Am. J. 
Clin. Pathol. 28 (1957) 56-63. 

24. Kind, P.R.N. and King, E.J. Estimation of plasma phosphatases by 
determination of hydrolyzed phenol with amino-antipyrine. J. Clin. Path. 7 
(1954) 330-322. 

25. King, J. Practical clinical enzymology (Van, D. Ed.) Nastrand Co., 
London, 1965, 83-93.  

26. Rosalki, S.B. and Rau, D. Serum gamma-glutamyl transpeptidase activity in 
alcoholism. Clin. Chem. Acta 39 (1972) 41-47. 

27. Rotruck, J.T., Pope, A.L., Ganther, H.E., Swanson, A.B., Hafeman, D.G. 
and Hoekstra, W.G. Selenium: biochemical role as a component of 
glutathione peroxidase. Science 179 (1973) 588-590. 

28. Ellman, G.L. Tissue sulfhydryl groups. Arch. Biochem. Biophys. 82 (1959) 
70-77. 

29. Carlberg, I. and Mannervik, B. Purification and characterization of the 
flavoenzyme glutathione reductase from rat liver. J. Biol. Chem. 250 (1975) 
5475-5480. 

30. Habig, W.H. and Jakoby, W.B. Glutathione-S-transferases (rat and human). 
Methods Enzymol. 77 (1981) 218-231. 

31. Lowry, O.H. Roseborough, N.J. Farr, A.L. and Randal, R.J. Protein 
measurement with Folin’s phenol reagent. J. Biol. Chem. 193 (1951) 265-
275. 



CELLULAR & MOLECULAR BIOLOGY LETTERS 
 

35 
 

32. Reinhold, J.G. In: Standard methods in clinical chemistry (Reiner, M. 
Ed.), Academic Press, New York, 1953, 88. 

33. Ravin, H.A. An improved colorimetric enzymatic assay of ceruloplasmin.  
J. Lab. Clin. Med. 58 (1961)161-168. 

34. Morales, M.A., Jabbagry A.J. and Terenizi, H.R. Neurospora News Lett. 
20 (1973) 24. 

35. Severcan, F., Toyran, N., Kaptan, N. and Turan, B. Fourier transform 
infrared study of the effect of diabetes on rat liver and heart tissues in the  
C-H region. Talanta 53 (2000) 55-59. 

36. Jagadeesan, G., Kavitha A.V. and Subashini J. FT-IR study of the influence 
of Tribulus terrestris on mercury intoxicated mice, Mus musculus liver. 
Trop. Biomed. 22 (2005) 15-22. 

37. Pirola, R.C. and Lieber, C.S. Energy wastage in rats given drugs that induce 
microsomal enzymes. J. Nutr. 105 (1975) 1544-1548. 

38. Lieber, C.S. Alcohol, liver and nutrition. J. Am. Coll. Nutr. 10 (1991) 602-
632. 

39. Baldi, E., Burra, P., Plebani, M. and Salvagnini, M. Serum malondialdehyde 
and mitochondrial aspartate aminotransferase activity as markers of chronic 
alcohol intake and alcoholic liver disease. Ital. J. Gastrol. 25 (1993) 429-
432. 

40. Goldberg, D.M. and Watts, C. Serum enzyme changes as evidence of liver 
reaction to oral alcohol. Gastroenterology  49 (1965) 256-261.  

41. Friedman, R.B., Anderson, R.E., Entine, S.M. and Hirshberg, S.B. Effects of 
diseases on clinical laboratory tests. Clin. Chem. 6 (1980)  
1D-476D. 

42. Ahmed, B., Alam, T., Varshney, M. and Khan, A.S. Hepatoprotective 
activity of two plants belonging to the Apiaceae and the Euphorbiaceae 
family. J. Ethnopharmacol. 79 (2002) 313-316. 

43. Bucher, J.R., Tien, M. and Aust, S.D. The requirement of ferric ion in the 
initiation of lipid peroxidation by chelated ferrous ion. Biochem. Biophys. 
Res. Commun. 111 (1983) 777-784. 

44. Dormandy, T.L. Free radical reactions in biological systems. Ann. R. Coll. 
Surg. Engl. 62 (1980)188-194. 

45. Van Horn, C.G., Ivester, P. and Cunningham, C.C. Chronic ethanol 
consumption and liver glycogen synthesis. Arch. Biochem. Biophys. 392 
(2001) 145-152. 

46. Porter, N.A., Caldwell, S.E. and Mills, K.A. Mechanisms of free radical 
oxidation of unsaturated lipids. Lipids 30 (1995) 277-290. 

47. Nordmann, R. Alcohol and antioxidant systems. Alcohol 29 (1994) 513-522. 
48. Ikuo, N., Masako, H., Hiroshi, T., Mitsuaki, M., and Kunio, Y. Lipid 

peroxide levels of serum lipoprotein fractions of diabetic patients. Biochem. 
Med. 25 (1991) 373-378. 



Vol. 13. No. 1. 20087         CELL. MOL. BIOL. LETT.         
 

36

49. Winrow, V.R., Winyard, P.G., Morris, C.J. and Black, D.R. Free radicals in 
inflammation: Secondary messengers and mediators of tissue destruction. 
Br. Med. Bull. 49 (1993) 506-517. 

50. Santiard, D., Ribiere, C., Nordmann, R. and Houee-Levin, C. Inactivation of 
Cu, Zn-superoxide dismutase by free radicals derived from ethanol 
metabolism: a gamma radiolysis study. Free Radic. Biol. Med. 19 (1995) 
121-127. 

51. Mary, N.K. Achuthan, C.R. Babu, B.H. and Padikkala, J. In vitro antioxidant 
and antithrombotic activity of Hemidesmus indicus (L) R.Br.  
J. Ethnopharmacol. 87 (2003) 187-191. 

52. Pares, A. Planas, R. Torres, M. Caballeria, J. Viver, J.M. Acero, D. Panes, J. 
Rigau, J. Santos, J. and Rodes, J. Effect of silymarin in alcoholic patients 
with cirrhosis of the liver: results of a controlled, double-blind, randomized 
and multicentral trial. J. Hepatol. 28 (1998) 615-621. 

53. Reed, D.J. Glutathione: toxicological implications. Annu. Rev. Pharmacol. 
Toxicol. 30 (1990) 603-631. 

54. Hayes, J.D. and Pulford, D.J. The glutathione-S-transferase supergene 
family: Regulation of GST and the contribution of isoenzymes to cancer 
protection and drug resistance. Crit. Rev. Biochem. Mol. Biol. 35 (1995) 
455-600. 

55. Bladeren, P.J.V. and Ommen, B.V. The inhibition of glutathione-S-
transferase: mechanisms, toxic consequences and therapeutic benefits. 
Pharmacol. Ther. 51 (1991) 35-46. 

56. Balasubramaniyan, V., Kalaivani Sailaja, J. and Nalini, N. Role of leptin on 
alcohol induced oxidative stress. Pharmacol. Res. 47 (2003) 211-216. 

57. Ravishankara, M.N., Shrivastava, N., Padh, H. and Rajani, M. Evaluation of 
antioxidant properties of root bark of Hemidesmus indicus R. Br. 
(Anantmul). Phytomedicine 9 (2002) 153-60. 

58. Garcia-Ruiz, C., Morales, A., Colell, A., Ballesta, A., Rodes, J., Kaplowitz, 
N. and Fernandez- Checa, J.C., Feeding S-adenosyl-L-methionine attenuates 
both ethanol-induced depletion of mitochondrial glutathione and 
mitochondrial dysfunction in  periportal and perivenous rat 
hepatocytes. Hepatology 21 (1995) 207-214. 

59. Iimuro, Y., Bradford, B.U., Yamashina, S., Rusyn, I., Nakagami, M., 
Enomoto, N., Kono, H., Frey, W., Forman, D., Brenner, D. and Thurman, 
R.G. The glutathione precursor L-2- oxothiazolidine-4-carboxylic acid 
protects against liver injury due to chronic enteral ethanol exposure in the 
rat. Hepatology 31 (2000) 391-398. 

60. Priyadarsini, K.I., Maity, D.K., Naik, G.H., Kumar, M.S., Unnikrishnan, 
M.K., Satav, J.G. and Mohan, H. Role of phenolic O-H and methylene 
hydrogen on the free radical  reactions and antioxidant activity of curcumin. 
Free Radic. Biol. Med. 35 (2003) 475-484. 



CELLULAR & MOLECULAR BIOLOGY LETTERS 
 

37 
 

61. Sroka, Z. and Cisowski, W. Hydrogen peroxide scavenging, antioxidant and 
anti-radical  activity of some phenolic acids. Food Chem. Toxicol. 1 (2003) 
753-758. 

62. Adak, S., Mazumder, A. and Banerjee, R.K. Probing the active site residues 
in aromatic donor oxidation in horseradish peroxidase involvement of an 
arginine and a tyrosine residue in aromatic donor binding. Biochem. J. 314 
(1996) 985-991. 

63. Navas Diaz, A., Garcia Sanchez, F. and Gonzalez Garcia, J.A. Phenol 
derivatives as enhancers and inhibitors of luminal-H2O2-horseradish 
peroxidase chemiluminescence. J. Biolumin. Chemilumin. 13 (1998) 75-84. 

64. Alanko, J., Riutta, A., Holm, P., Mucha, I., Vapaatalo, H. and Metsa-Ketela, 
T. Modulation of arachidonic acid metabolism by phenols: Relation to their 
structure and antioxidant properties. Free Radic. Biol. Med. 26 (1999) 193-
201. 

65. Halliwell, B. and Chirico, S. Lipid peroxidation: Its mechanism, 
measurement, and significance. Am. J. Clin. Nutr. 57 (1993) 715-725. 

66. Freifelder, D. Physical Chemistry, 2nd edition, Freeman, W.H. and 
Company, New York, 1982. 

67. Toyran, N., Zorlu, F., Donmez, G., Oge, K. and Severcan, F., Chronic 
hypoperfusion alters the content and structure of proteins and lipids of rat 
brain homogenates: a Fourier transform infrared spectroscopy study. Eur. 
Biophys. J. 33 (2004) 549-554. 

68. Severcan, F., Sahin, I. and Kazanci, N. Melatonin strongly interacts with 
zwitterionic model membranes-evidence from Fourier transform. Biochim. 
Biophys. Acta 1668 (2005) 215-222. 

69. Mantsch, H.H., and Chapman, D. (Eds) Infrared Spectroscopy of 
Biomolecules, Wiley, New York, 1996. 

70. Toyran, N. and Severcan, F. Competitive effect of vitamin D2 and Ca2+ on 
phospholipid model membranes: An FT-IR study. Chem. Phys. Lipids 123 
(2003) 165-176. 

71. Liu, K.Z., Bose, R. and Mantsch, H.H Infrared spectroscopic study of 
diabetic platelets. Vibrat. Spec. 860 (2002) 1-6. 

72. MacSween, R.N. and Burt, A.D. Histologic spectrum of alcoholic liver 
disease. Semin. Liver Dis. 6 (1986) 221-232. 

73. Sarkar, S.N., Chattopadhyay, S.K. and Majumdar, A.C. Subacute toxicity of 
urea herbicide, isoproturon in male rats. Indian J. Exp. Biol. 33 (1995) 851-
856. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
    /POL ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


