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ABSTRACT 
 

Iron overload in liver is associated with the oxidative damage of protein, lipid and nucleic 
acids which in turn manifests several human diseases. The present study was aimed to 
evaluate the amending effect of 70% methanol extract of Hemidesmus indicus root (HIME) 
on iron overload induced liver injury. Iron overload was induced by intraperitoneal 
administration of iron-dextran into mice. Mice administered with different doses (50, 100 
and 200 mg kg-1 body weight) showed significant decrease in liver iron, serum ferritin and 
serum enzyme levels, along with decrease of lipid peroxidation, protein oxidation and 
collagen content. In addition, the extract effectively induced the antioxidant enzyme levels 
and also exhibited the potential activity of reductive release of ferritin iron. The ameliorating 
effect of HIME on damaged liver was furthermore supported by the histopathological 
studies that showed improved histological appearance which demonstrates HIME as a 
valuable traditional healer against iron induced liver toxicity. 
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INTRODUCTION 
 
Iron is indispensable for virtually all aspects of 
life, while playing a role in immune function, 
cardiovascular health and cognitive 
development. However, excess iron in the 
body is potentially toxic as it generates 
Reactive Oxygen Species (ROS) such as 
hydroxyl and superoxide radicals and iron-
mediated oxidative stress is thought to be a 
significant factor in the pathogenesis of iron 
overloaded diseases. ROS initiate lipid 
peroxidation of cell membranes and oxidative 
damage of proteins, which in turn hampers 
membrane fluidity, disruption of microsomes 
and lysosomes, and accumulation of peptide 
fragments and cross-linked protein aggregates 
1. As human beings have no active means of 
iron excretion, excess iron, regardless of the 
route of entry, accumulates in parenchymal 
organs and impend cell viability 2. In our body, 
liver is the main active storage site of iron and, 
therefore, liver damage is the most common 
outcome in patients with iron overload 3. Iron 
removal by iron chelation therapy is an 
effective approach to treat iron overload linked 
pathogenesis. Currently many iron chelating 
drugs are available but they are found to 
manifest several undesirable side effects 4,5 
which in turn grow the interest to develop more 
effective and safer drug from natural 
resources. Phytoconstituents including 
phenolics and flavonoids have been found 
most effective antioxidants and iron chelation is 
a very important part of their antioxidant activity 
6. Thus, the use of drugs from plant origin with 
antioxidant activity could be an alternative 
strategy to treat iron overload induced hepatic 
damage. Hemidesmus indicus belonging to 
family Asclepiadaceae, known as “Indian 
Sarsaparilla” or “Anantmul” is used for 
medicinal purpose in different parts of the 
world. It is a slender, laticiferous, twining, 
sometimes prostrate or semi-erect shrub. 
Previous studies on this plant have shown the 
huge presence of phenolics and flavonoids 7,8 
which are supposed to be associated with its 
many bioactive principles 9-12. Furthermore, 
earlier 70% methanol extract of Hemidesmus 
indicus (HIME) root has shown in vitro 
antioxidant and iron chelating property and was 
found to be a rich source of phenolic and 
flavonoid compounds 13. Therefore, the present 
study was performed to assess whether the 

damage caused to liver by iron overload can 
be alleviated by the treatment of HIME in Swiss 
albino mice. 
 

MATERIALS AND METHODS 
 
Chemicals 
Iron dextran and guanidine hydrochloride were 
purchased from Sigma-Aldrich, USA. 
Trichloroacetic acid (TCA), nitro blue 
tetrazolium (NBT), reduced nicotinamide 
adenine dinucleotide (NADH), 
phenazinemethosulfate (PMS), ferrozine, 
glutathione reduced, 
bathophenanthrolinesulfonate disodium salt, 
Thiobarbituric acid (TBA), and 5,5�-dithiobis-2-
nitrobenzoic acid (DTNB) were obtained from 
Sisco Research Laboratories Pvt. Ltd, Mumbai, 
India. Hydrogen peroxide, ammonium iron (II) 
sulfatehexahydrate [(NH4)2 Fe(SO4)26H2O], 1-
chloro-2,4-dinitrobenzene (CDNB), chloramine-
T, hydroxylamine hydrochloride, Dimethyl-4-
aminobenzaldehyde, and 2,4-dinitro 
phenylhydrazine (DNPH) were obtained from 
Merck, Mumbai, India. Ferritin was purchased 
from MP Biomedicals, USA. Streptomycin 
sulphate was obtained from HiMedia 
Laboratories Pvt. Ltd, Mumbai, India. The 
standard oral iron-chelating drug, desirox, was 
obtained from Cipla Ltd., Kolkata, India. 
 
Plant Material 
The root of the H. indicus plant was collected 
from the “Bankura” district of West Bengal, 
India and authenticated through the Central 
Research Institute of Ayurveda, Kolkata, India, 
where a specimen (CRHS 116/08) was 
submitted. 
 
Plant Extract Preparation 
The air dried roots of H. indicus was powdered 
and 100 g of it was stirred using a magnetic 
stirrer with 1000 ml mixture of methanol:water 
(7:3) for 15 h; then the mixture was centrifuged 
at 2850 x g and the supernatant decanted. The 
process was repeated with the precipitated 
pellet. The supernatants were collected, 
concentrated in a rotary evaporator and 
lyophilized. The dried extract, designated as 
HIME was stored at -20°C until further use. 
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Standardization of the Plant Extract 
Phytochemical screening of the plant extract 
was done for carbohydrate, alkaloids, tannins, 
terpenoids, triterpenoids, anthraquinones, 
saponins and glycosides following standard 
methods 14,15. For HPLC analysis stock 
solutions were prepared in mobile phase for 
the sample and standards include gallic acid, 
catechin, reserpine, quercetin and tannic acid. 
All the samples were filtered through 0.45 µm 
polytetrafluoroethylene (PTFE) filter (Millipore). 
Analysis was performed using a HPLC-
Prominence System RF10AXL (Shimadzu 
Corp.) equipped with degasser (DGU-20A5), 
quaternary pump (LC-20AT), auto-sampler 
(SIL-20A) and detectors of Reflective Index 
(RID-10A), Fluorescence (RF-10AXL) and 
Diode Array (SPD-M20A). Gradient elution of 
the samples was done in consecutive mobile 
phases of acetonitrile and 0.5 mM ammonium 
acetate in water, at a flow rate of 1 ml/min for 
65 min through the column (ZIC®-HILIC) that 
was maintained at 25°C. The detection was 
carried out at 254 nm. The injection volume 
was 20 µl, and the sample and standards were 
analyzed in triplicates.The primary and 
secondary metabolites such as carbohydrates 
16, alkaloids 17, tannins 18 and ascorbic acid 19 
were estimated according to the standard 
procedures. 
 
Animals 
Male Swiss albino mice (20±2 g) were 
purchased from Chittaranjan National Cancer 
Institute (CNCI), Kolkata, India and were 
maintained under a constant 12 h dark/light 
cycle at an environmental temperature of 
22±2°C. The animals were provided with 
normal laboratory pellet diet and water ad 
libitum. Institutional animal ethics committee 
(IAEC) approved all experiments performed 
and care of the animals was taken as per the 
guidelines of the Committee for the Purpose of 
Control and Supervision of Experiments on 
Animals (CPCSEA), Ministry of Environment 
and Forest, Government of India. 
 
Experimental Design 
Thirty six mice were divided into six groups 
containing six mice in each group. One group 
received normal saline only and served as 
Blank (B). The mice of other five groups were 
intraperitoneally injected with 100 mg kg-1 b.w. 
each, of iron-dextran saline given five doses 

(one dose every two days). Normal saline was 
administered to one iron-dextran group (C) and 
other four groups were orally treated with 50 
mg kg-1 b.w. (S50), 100 mg kg-1 b.w. (S100), 
200 mg kg-1 b.w. (S200) HIME and 20 mg kg-1 
b.w. Desirox (D), respectively, for three 
consecutive 7 day periods, started from the 
day after the first iron-dextran injection. 
 
Sample Collection and Tissue Preparation 
Mice were fasted overnight after the 
experiment ended on the 21st day. Then they 
were anesthetized by ethyl ether and blood 
was collected by cardiac puncture. After the 
clotting of blood samples, sera were separated 
by centrifugation and stored at -80°C until 
analysis. The liver was dissected out and blood 
cells were eliminated after rinsing with ice-cold 
saline, half of them were cut, weighed and 
homogenized in 10 volume of 0.1 M phosphate 
buffer (pH 7.4) containing 5 mM EDTA and 
0.15 M NaCl, and centrifuged at 8000 x g for 
30 min at 4°C. The supernatant was collected 
and used for the determination of various liver 
parameters. A standard graph of BSA was 
prepared to estimate the protein concentration 
in the homogenate by Lowry method 20. The 
other half of the liver samples were weighed 
and digested with equivolume (1:1) mixture of 
sulphuric acid and nitric acid and their iron 
content were analysed. 
 
Serum Enzymes and Antioxidant Enzymes 
Alanine amino transferase (ALAT), aspartate 
amino transferase (ASAT), and billirubin in 
serum samples were measured using the 
commercial kits of Merck, Mumbai, India. 
Serum alkaline phosphatase (ALP) was 
estimated using the kit supplied by Sentinel 
diagnostics, Italy. Superoxide dismutase (SOD) 
was assayed by measuring the inhibition of the 
formation of blue colored formazan at 560 nm 
21. Catalase (CAT) activity was measured 
through time course decomposition of H2O2 at 
240 nm 22. A formerly reported method was 
followed to determine Glutathione-S-
transferase (GST) based on the formation of 
GSH-CDNB conjugate 23. Reduced glutathione 
(GSH) level was measured 
spectrophotometrically at 412 nm by a 
standard procedure 24. 
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Liver Damage Parameters 
The lipid peroxide levels in liver homogenates 
were measured in terms of thiobarbituric acid 
reactive substances (TBARS) as an index of 
malondialdehyde accumulation 25. Protein 
carbonyl contents as a marker of protein 
oxidation was determined by a 
spectrophotometric method 26. Hydroxyproline 
content represents the content of collagen, 
which is closely related with liver fibrosis. Liver 
samples were hydrolyzed in 6 M HCl and 
hydroxyproline was measured by Ehrlich’s 
solution 27. A standard curve (R2 = 0.9907) of 
4-hydroxy-L-proline was prepared and results 
were calculated after taking absorbances at 
558 nm. Total hydroxyproline content in each 
sample was multiplied by a factor of 7.69 to 
determine the collagen content 28. Results are 
expressed as milligrams of collagen per liver 
(wet weight). 
 
Histopathological Analysis 
The liver samples were excised, washed with 
normal saline, and processed separately for 
histological study. Initially, the material was 
fixed in 10% buffered neutral formalin for 48 h. 
A paraffin-embedding technique was carried 
out and sections were taken at 5 µm thickness, 
stained with hematoxylin and eosin, and 
examined microscopically for histopathological 
changes. 
 
Liver Iron and Serum Ferritin 
Liver samples were incubated with 
bathophenanthroline sulfonate for 30 min at 
37°C and absorbance was measured at 535 
nm to determine the liver iron content 29. 
Serum ferritin levels were measured using 
enzyme-linked immunosorbent assay kit (from 
Monobind Inc., USA) according to the 
manufacturer’s instructions. 
 
Iron Release from Ferritin 
The release of ferritin iron was determined 
spectrophotometrically according to a 
previously described method 30. The ferrous 
chelator, ferrozine, was used as a 
chromophore for this assay. The reaction 
mixture (3 ml final volume) contained 200 µg 
ferritin, 500 µM ferrozine, in 50 mM pH 7.0 
phosphate buffer. Reaction was started by the 
addition of 500 µl HIME of different 
concentrations (100-500 µg) and the change in 
absorbance was measured continuously at 560 

nm for 4 min. A cuvette containing ferritin, 
ferrozine and phosphate buffer but lacking 
plant extract was used as the reference 
solution. 
 
Statistical Analysis 
All data are reported as the mean ± SD of six 
measurements. Statistical analysis was 
performed using KyPlot version 2.0 beta 15 (32 
bit) and Origin professional 6.0. Comparisons 
among groups were made according to pair t-
test. In all analyses, a p value of <0.05 was 
considered significant. 
 

RESULTS AND DISCUSSION 

 
Lipid peroxidation of biological membranes is 
the main pathogenic mechanism of iron 
overload induced tissue damage 31. In hepatic 
iron overload, iron begins to initiate and 
propagate ROS induced oxidative damage to 
all biomacromolecules (proteins, lipids, sugar 
and DNA) ultimately leading to a critical failure 
of biological functions and cell death 32. An 
effective therapeutic approach could be 
sequestering of catalytically active iron present 
in the cytosol or released by chelation from 
other cell iron stores 33 and at the same time, 
protecting membranes from free radicals 
produced in the cells (i.e., antioxidant activity). 
Plants are plentiful source of phytochemicals 
having free radical scavenging and iron 
chelating efficiency. In the present study, iron 
overload condition in mice was developed by 
the intraperitoneal administration of iron-
dextran. Intraperitoneal iron-dextran injection 
resembled the hemochromatosis secondary to 
iron loaded anemias (anemias treated with 
repeated transfusions) and high iron oral intake 
34, while avoiding direct interruption of plant 
extract on intestinal iron absorption leading to 
hepatic and serum iron overload. Qualitative 
and quantitative determination of the extracts 
showed the presence of numerous bioactive 
phytochemicals in HIME as shown in Table 1. 
HPLC study of the sample was performed to 
recognize the existence of bioactive 
compounds in HIME by comparing with the 
respective retention time of the reference 
standards. The chromatogram of HPLC 
analysis exhibits three main peaks having 
retention times 3.38, 3.75 and 3.89 min which 
were determined to be corresponding to tannic 
acid, catechin and reserpine respectively 
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(Figure 1). As evidenced from the current 
results and also from the previous study 13, 
HIME was found to possess significant amount 
of phenolics, flavonoids and other 
phytochemicals which may be involved in 
amelioration of iron overload induced oxidative 
damage.In the present study, iron-dextran 
administration was shown to cause severe 
acute liver damage in mice as demonstrated by 
significant elevation of serum levels of ALAT 
(131%), ASAT (126%), ALP (252%), billirubin 
(364%) and ferritin (389%) as shown in Table 
2. Such increased activities might be attributed 
to the leakage of these enzymes from the 
injured liver cells into the blood stream 
because of the altered liver membrane 
permeability 35. These enzymes and bilirubin 
were significantly restored in iron-overloaded 
mice by treatment with HIME, thereby 
revealing its hepatoprotective ability.SOD, 
CAT, GST and GSH constitute a “mutually 
supportive team” of antioxidant defence 
against ROS. These enzymes have been 
suggested as playing an important role in 
maintaining physiological levels of oxygen and 
hydrogen peroxide by accelerating the 
dismutation of oxygen radicals and removing 
organic peroxides and hydroperoxides 
produced in hepatic damage 36. Administration 
of iron-dextran into mice livers augmented in 
accumulation of oxygen radicals and 
considerably decreased hepatic SOD (82.4%), 
CAT (47%), GST (72.5%) and GSH (32%) 
activities as compare to normal mice (Table 3). 
The depletion of these enzyme activities may 
be responsible for the insufficiency of the 
antioxidant defences that was markedly 
revived with the treatment of HIME dose 
dependently as evidenced from the obtained 
results.Elevation of TBARS, the peroxidative 
degradation product of cell membrane resulting 
in the structural and functional alterations in 
cell integrity, is hypothesized as the main 
marker of hepatocellular injury 37. Another 
pathologic sequence of liver damage is protein 
oxidation that results in modification of catalytic 
and structural functions of various important 
proteins 38. The excessive accumulation of 
extracellular proteins including collagen occurs 
in most types of chronic liver diseases and a 
significant amount of hydroxyproline was found 
increased in liver fibrosis 39. As reflected in 
Table 4, a substantial elevation of TBARS 
(92.5%), protein carbonyl (61.5%) and 

hydroxyproline (143%) content was found in 
iron overload mice compared to normal. When 
treated with HIME, all the liver damage 
markers were found arrested considerably with 
dose.Histological observations are done along 
with the level of various biochemical 
parameters in circulation to mark the extent of 
hepatic damage. Normal hepatic parenchyma 
surrounding veins are observed in liver 
sections from normal mice (Figure 2A), 
whereas extremely damaged cytoarchitecture 
is found to be prevalent in those from iron 
overloaded group (Figure 2B). The liver 
sections taken from HIME treated group 
showed betterment of pathological 
deterioration and dose dependent reversal to 
normal cytoarchitecture and thus presenting 
protection against iron overload induced 
hepatic damage (Figure 2C-2E). Figure 2F 
represented the improved histology of desirox 
treated liver. As can be found from other serum 
and liver parameter studies, the rejuvenation of 
damaged liver was corroborated in the 
improvement in histopathological alterations 
which signifies the in situ evidence of 
hepatoprotective effect of plant extract.As 
reflected in Figure 3, HIME treatment results in 
the dose dependent reduction in liver iron 
compared to iron overloaded mice. This 
efficiency complements the iron chelating 
activity of HIME which was described 
previously 13. Body’s iron level is positively 
correlated with a ubiquitous intracellular 
protein, ferritin, that stores iron in a non-toxic 
form and also helps prevent iron from 
mediating oxidative damage to cell constituents 
40. In this study, the serum ferritin level was 
found enhanced in iron overloaded mice, 
whereas, the level significantly reduced after 
the treatment with HIME as shown in Figure 4. 
In case of iron overload, various iron chelators 
are administered to lessen the enhanced iron 
level, but, most of these chelators have limited 
binding activity for ferric iron as well as iron in 
ferritin is not properly accessed to them. 
Therefore, successive chelation therapy 
includes the supplementation of a reducing 
agent to increase the availability of storage iron 
to chelators 41. Previously, HIME had shown 
reductive ability 13 as well as in the present 
study; the time course reaction (Figure 5) 
shows the [Fe(ferrozine)3]

2+ complex formation 
was increased markedly after dose dependent 
addition of HIME. In addition, a significant 




