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ABSTRACT

Excess iron deposition in the liver catalyses the production of Reactive Oxygen Species (ROS) which in
turn initiate oxidative damage of protein and nucleic acids leading to several human diseases. The fruits of
Terminalia Belerica Roxb. (TB) has been most commonly used not only in stimulating gastrointestinal
health, but also in treatment of various hepatic disorders. The present study was aimed to evaluate the
ameliorating effect of 70% methanol extract of TB (TBME) on iron overload induced liver injury, along
with its in vitro iron chelating and DNA protection studies. Iron overload was induced by intraperitoneal
administration of iron-dextran into mice. The biochemical markers of hepatic damage, liver iron, protein
carbonyl and hydroxyproline content were measured in response to the oral administration of TBME. The
reductive release of ferritin iron by TBME was further studied. The extract exhibited significant iron
chelation with ICsy of 27.70 +2.27 pg mL™" and considerable DNA protection with [P]s, of 1.30 + 0.01 pg
mL™". Treatment with different doses (50, 100 and 200 kg body weight) of TBME showed dose dependent
reduction in liver iron, lipid peroxidation, protein oxidation, liver fibrosis, serum enzymes and ferritin. The
antioxidant enzymes levels were enhanced and the reductive release of ferritin iron increased significantly
with gradually increasing concentrations of TBME. From the present results, it appears possible to support
that TBME represents beneficial effects on iron overload mediated liver toxicity and hence possibly useful
as iron chelating drug for iron overload diseases.
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1. INTRODUCTION

The liver is considered to be one of the most vital
organs functioning as a centre of nutrient metabolism
and waste metabolite excretion. Hepatic damage is
associated with distortion of these metabolic functions
(Wolf, 1999) and sometimes, resulting in the serious
health problems. Hepatotoxicity is the most common
finding in patients with iron overloading as liver is
mainly responsible for taking up and storing excessive
amount of iron (Papanastasiou et al., 2000). Iron, the
most abundant transition metal in the body, is required
by all mammalian cells for growth and survival. But,
sometimes, extreme iron deposition increases oxidative

stress in the liver and will lead to further injuries such as
hepatocellular necrosis (Olynyk et al., 1995),
inflammation (Deugnier et al., 1992), fibrosis (Gardi et al.,
2002; Arezzini et al., 2003) and even to cancer
(Niederau et al., 1985). In all iron overload induced
diseases, iron removal by iron chelation therapy is an
effective lifesaving strategy. The iron chelating agents
currently available for clinical use are deferoxamine, 1,2-
dimethyl-3-hydroxypyrid-4-one (deferiprone, L1) and
deferasirox. However, such compounds are inadequate
and exert several side effects and disadvantages (Al-
Refaie et al., 1992; Kontoghiorghes, 2003). In view of
severe undesirable side effects of synthetic agents, there
is growing focus to develop more effective and safe
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drugs (Zhang et al., 2006; Pardo-Andreu et al., 2008)
which may raise the therapeutic benefits for patients.
Phenolics and flavonoids are plant metabolites
widely spread throughout the plant kingdom. It has been
found that most of them are effective antioxidants (Rice-
Evans et al., 1996; Lopez et al., 2003) and iron chelation
is very important part of their antioxidant activity (Cook
and Samman, 1996). Phenolics and flavonoids therefore,
could have a double, synergistic action, making them
into effective antioxidants, particularly active in
pathological situations involving iron overload, e.g. B-
thalassemia, Friedreich’s ataxia and hemochromatosis.
Terminalia Belerica (TB) (Gaertn.) Roxb. (Family-
Combertaceae), popularly known as  ‘Belleric
myrobalan’, is a deciduous tree growing wild throughout
the Indian subcontinent, Sri Lanka and south-east Asia. It
is an integral part of traditional laxative formulation,
‘Triphala’ which is used for a huge variety of ailments
for generations in Ayurvedic medicine (Chopra, 1956).
TB is commonly used in treatment of various
gastrointestinal complaints (Kapoor, 2001) and a variety
of throat disorders, including cough, hoarseness, as well
as eye disorders. The astringent nature of the dried fruit
is also used in cases of dropsy, piles and diarrhoea
(Kapoor, 2001). Chemically, the presence of phenolics,
sugars, gallic acid, belleric acid and B-sitosterol in the
fruits of TB has been reported (Row and Murthy, 1970).
The dried fruits of TB possesses potential antimicrobial
(Madani and Jain, 2008), anti-diabetic (Sabu and Kuttan,
2009) and anti-atherosclerotic (Shaila et al., 1995)
activity. TB is also reported to have hepatoprotective
effects against carbon tetrachloride induced liver toxicity
(Anand et al, 1994; 1997; Jadon et al, 2007).
Previously, the free radical scavenging and reducing
property of 70% methanol extract of TB (TBME) has
been reported with the finding of significant amount of
phenolic and flavonoid compounds (Hazra et al., 2010).
Based on these observations, the present study is performed
to assess in vitro iron chelating activity of TBME and
whether this activity along with reducing power can
normalise the damage caused to liver by iron overload.

2. MATERIALS AND METHODS

2.1. Chemicals

Iron-dextran and guanidine hydrochloride were
purchased from Sigma-Aldrich, USA. Trichloroacetic
Acid (TCA), Nitro Blue Tetrazolium (NBT), reduced
Nicotinamide Adenine Dinucleotide (NADH), Phenazine
Methosulfate (PMS), ferrozine, glutathione reduced,
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bathophenanthroline sulfonate disodium salt,
Thiobarbituric Acid (TBA), L-Ascorbic acid and 5,5'-
Dithiobis-2-Nitrobenzoic Acid (DTNB) were obtained
from Sisco Research Laboratories Pvt. Ltd, Mumbai,
India. Hydrogen peroxide, KCl, ammonium iron (II)
sulfate hexahydrate [(NH,),Fe(SO,),6H,0], 1-chloro-

2,4-dinitrobenzene (CDNB), chloramine-T,
hydroxylamine hydrochloride, Dimethyl-4-
aminobenzaldehyde and 2,4-Dinitrophenylhydrazine

(DNPH) were obtained from Merck, Mumbai, India.
Ferritin was purchased from MP Biomedicals, USA.
Streptomycin sulphate and N-(2-
Hydroxyethyl)piperazine-N’-2-ethanesulphonic acid
(HEPES buffer) were obtained from HiMedia Laboratories
Pvt. Ltd, Mumbai, India. The standard oral iron chelating
drug, desirox (parent group deferasirox), was obtained from
Cipla Ltd., Kolkata, India. Desferal (deferoxamine mesylate
USP), was obtained from Novartis, USA.

2.2. Plant Material

The fruits of Terminalia Belerica (TB) were collected
from the Bankura district of West Bengal, India. It was
identified and authenticated through the Central Research
Institute (Ayurveda), Kolkata, India and a voucher
specimen (CRHS 114/08) was submitted there.

2.3. 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
2242°C. The animals were provided with normal
laboratory pellet diet and water ad [libitum. All
experiments were performed after obtaining approval
from the institutional animal ethics committee 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.

2.4. Extract Preparation

The fruits of TB were dried at room temperature for
7 days, finely powdered and used for extraction. The
powder (100 g) was mixed with 500 mL methanol:
Water (7:3) using a magnetic stirrer for 15 h, then the
mixture was centrifuged at 2850 g and the supernatant
was decanted. The process was repeated again with the
precipitated pellet. The supernatants were collected,
concentrated in a rotary evaporator and lyophilized. The
dried extract was stored at -20°C until use. A 46.8%
yield of the extract was obtained.
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2.5. In vitro Study
2.5.1. Iron Chelation

The Fe*" chelating activity of TBME was evaluated
according to a standard method (Haro-Vicente et al.,
2006). In a HEPES buffer (20 mM, pH 7.2) medium,
TBME (0-120 pg mL™") and positive control EDTA (0-
20 pg mL™") were separately added to a 12.5 pM ferrous
sulfate solution and 75 uM ferrozine was added to start
reaction. The mixture was shaken vigorously and left
standing for 20 min at room temperature and then the
absorbance was taken at 562 nm. All tests were
performed six times.

2.6. DNA Protection

pUCI18 plasmid DNA was used for DNA protection
study by TBME, according to a previously described
method with minor modifications (Hermes-Lima et al.,
1998). In HEPES buffer (pH 7.2, 100 mM), FeSO,4
solution (750 uM), TBME of varying doses (0-5 pg
mL™"), DNA (0.5 mg mL™") and water were added to
make an initial reaction mixture. Finally, H,O, solution
(7.5 mM) was added to start the reaction. Desferal (0.2
mM) was used to stop the reaction after 10 min. 25 puL of
each reaction mixture was loaded in 1% agarose gel. After
migration, the gel was stained with ethidium bromide and
visualized in a UV transilluminator. The DNA bands were
quantified through densitometry, with the parameter
Volume = Intensity X Area and the following formulae
were used to calculate the percentage of protection:

% SC = [1.4 X SC/OC+(1.4 X SC))] X 100

where, SC = supercoiled; OC = open circular; 1.4 =
correction factor % protection = 100 X [(control SC-
chelator SC)/(control SC-no chelator SC) -1].

The ability of the plant extract to protect the DNA
supercoil can be expressed by the concentration of
sample required for 50% protection, designated as the
[P]s0 value.

2.7. In Vivo Study
2.7.1. Experimental Design

Out of six groups each comprising of six mice, one
group received normal saline only and served as Blank
(B). The mice of other five groups were i.p injected with
100 mg kg™ 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™' b.w.
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(S50), 100 mg kg™ b.w. (S100), 200 mg kg™ b.w.
(S200) TBME 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.

2.8. Sample Collection and Tissue Preparation

At the end of oral treatment, mice were fasted
overnight before sacrifice. Blood was collected by
cardiac puncture post terminal anesthetization with ethyl
ether. Blood sera were separated by centrifugation and
stored at -80°C until analysis. Blood cell from dissected
liver was rinsed off with ice-cold saline. Half portion of
the liver was 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 g
for 30 min at 4°C. Supernatant collected was used for the
determination of lipid peroxidation, protein oxidation,
hydroxyproline content and enzyme activities. Standard
BSA graph was wused to estimate the protein
concentration in the homogenate by Lowry et al. (1951)
method. The other half of the liver samples were
weighed and digested with 1:1 mixture of sulphuric acid
and nitric acid to analyze the iron content.

2.9. Serum Enzymes

Alanine Amino Transferase (ALAT), Aspartate
Amino Transferase (ASAT) and billirubin in serum samples
were measured using the commercial kits of Merck,
Mumbai, India. Alkaline Phosphatase (ALP) was estimated
using the kit supplied by Sentinel Diagnostics, Italy.

2.10. Antioxidant Enzymes

Superoxide Dismutase (SOD) was assayed by
measuring the inhibition of the formation of blue colored
formazan at 560 nm (Kakkar et al., 1984). Catalase
(CAT) activity was measured through time course
decomposition of H,O, at 240 nm (Bonaventura et al.,
1972). A formerly reported method was followed to
determine Glutathione-S-Transferase (GST) based on the
formation of GSH-CDNB conjugate (Habig et al., 1974).
Reduced Glutathione (GSH) level was measured
spectrophotometrically at 412 nm by a standard
procedure (Ellman, 1959).

2.11. Lipid Peroxidation Products

Lipid peroxidation levels in liver homogenates were
determined in terms of Thiobarbituric Acid Reactive
Substances (TBARS), as an index of malondialdehyde
accumulation, in accordance to a formerly reported
method (Buege and Aust, 1978).
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2.12. Protein Carbonyl Content

Protein carbonyl, a marker of protein oxidation, was
done according to a spectrophotometric method (Reznick
and Packer, 1994). Briefly, 50 pL streptomycin sulphate
(10% w/v) was added to 450 uL sample homogenate and
then centrifuged at 2800 g for 15 min. Then 200 uL of
the supernatant was incubated with the same volume of
10 mM DNPH in 2 M HCI at room temperature for 20
min. 10% cold TCA was added to end the reaction and
precipitate the proteins that were washed with ethyl
acetate-ethanol mixture (1:1) to remove unreacted
DNPH. The final protein pellet was dissolved in 1 mL 6
M guanidine hydrochloride solution and the absorbance
was measured at 370 nm, usin% the molar extinction
coefficient of DNPH, £ = 2.2x10"M 'em™".

2.13. Hydroxyproline Content

Liver fibrosis gives rise to collagen which is
alternately represented by hydroxyproline content.
Hydroxyproline of liver samples hydrolized in 6 M HCI
was measured by Ehrlich’s solution using a standard
procedure (Bergman and Loxley, 1963). A standard
curve (R? 0.9907) of 4-hydroxy-L-proline was
prepared and results were calculated after taking
absorbances at 558 nm. The collagen content was
determined by  multiplying amount of total
hydroxyproline content in each sample by a factor of
7.69 (Kivirikko et al., 1967). Results are expressed as
milligrams of collagen per liver (wet weight).

2.14. Histopathological Study

The liver samples were excised, washed with normal
saline and processed separately for histological
observations. 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 50
um thickness, stained with hematoxylin and eosin and
examined microscopically for histopathological changes.

2.15. Liver Iron and Serum Ferritin

Liver iron was measured according to a formerly
reported colorimetric method (Barry and Sherlock,
1971). Samples were incubated with
bathophenanthroline sulfonate for 30 min at 37°C and
absorbances were measured at 535 nm. Serum ferritin
levels  were  measured using  enzyme-linked
immunosorbent assay kit (from Monobind Inc., USA)
according to the manufacturer’s instructions.

2.16. Iron Release from Ferritin

Iron release assay was performed using ferrozine, a
classic Fe*'-chelator, as previously described (Hynes and
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Coinceanainn, 2002). The reaction mixture (3 mL final
volume) contained 200 pg ferritin, 500 pM ferrozine, in
50 mM pH 7.0 phosphate buffer. Time dependent release
of iron in the reaction mixture on addition of different
doses of TBME (100-500 pg) was measured
spectrophotometrically at 560 nm for 20 min. Reaction
mixture of buffer, ferritin and ferrozine, devoid of plant
extract was used as the reference solution.

2.17. 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.

3. RESULTS

3.1. In vitro study
3.1.1. Iron Chelation

The formation of violet colored Fe’'-ferrozine is
disrupted in presence of an iron chelator. The results
(Fig. 1a and b) demonstrated that the formation of Fe*'-
ferrozine complex is inhibited dose dependently in the
presence of TBME and reference compound, EDTA. The
ICs, values of the TBME and EDTA were 27.70 + 2.27
pg mL™" and 1.27 + 0.05 ug mL™', respectively. TBME
inhibited 68% of the complex formation at the highest
dose, i.e., 120 pg mL™".

3.2. DNA Protection

The protective effect of TBME against FeH—HzOz
mediated DNA breakdown was demonstrated in Fig. 2a.
pUCI18 supercoiled DNA was used as control (lane 1).
Lane 2 comprised only of the open circular form of DNA
generated by Fenton reaction. Addition of gradually
increasing concentrations of TBME resulted in the
restoration of DNA to the supercoiled form (lane 3-12). The
results in Fig. 2b showed the dose dependant protection by
TBME with a [P]s, value of 1.30 + 0.01 pg mL™".

3.3. In vivo Study
3.3.1. Serum Marker Enzymes

As shown in Table 1, increase in the levels of serum
enzymes, viz., ALAT (105.92%), ASAT (94.12%), ALP
(141.62%) and billirubin (268.41%), clearly signifies
iron induced liver damage. Eventually, significant dose
dependent decrease in the individual levels is observed in
the TBME treated mice.
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Fig. 1. Effect of (a) TBME and (b) standard EDTA on ferrozine-Fe’" complex formation. The data expressed as % inhibition of
chromogen formation. The results are mean + S.D. of six parallel measurements. ***p <0.001 vs 0 pg/ml

3.4. Antioxidant Enzymes

The overload of iron in liver results in oxidative
stress and affects the decrease in the levels of antioxidant
enzymes. The reduction in SOD (87%), CAT (59%) GST
(80%) and GSH (35%) levels which was decreased in
group C compared to group B, was found to be elevated
dose dependently after treatment with TBME (Table 2).

3.5. Lipid Peroxidation

The present result showed, 63% increment of lipid
peroxidation in liver homogenates of iron injected mice
than blank was significantly reduced by 7, 40 and 42% in
mice fed with S50, S100 and S200 respectively (Fig. 3).

////4 Science Publications

113

3.6. Protein Carbonyl Content

Protein carbonyl formation is an early marker for
protein oxidation. A significant elevation (137%) of
protein carbonyl content in iron overloaded mice was
found to be arrested by 25, 51 and 66% in S50, S100 and
S200 group respectively (Fig. 4) as treated with TBME.

3.7. Hydroxyproline Content

The hydroxyproline content was determined as it
signifies the enhanced level of collagen content in liver
fibrosis. Hydroxyproline content was observed to rise by
83% in group C than group B, as shown in Fig. 5. This
upsurge of collagen content was gradually reduced by
42, 43 and 71% in TBME treated mice (S50, S100 and
S200 respectively).
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Fig. 2. Protection against oxidative damage to pUC18 by TBME. Picture of agarose gel of pUC18 DNA showing bands of
supercoiled (SC) and open ciecular (OC) forms. Lanes on the gel represent: (Lane 1) control DNA (no H,0, or Fe*"); (Lane
2) reaction mixture without extract; (Lane 3-12) reaction mixture with extract of increasing concentration (0.5-5 pg/ml). **p

<0.01 and ***p < 0.001 vs 0 pg/ml

Table 1. The effect of TBME on serum marker enzymes (ALAT, ASAT and ALP) and billirubin in iron overloaded mice

ALAT ASAT ALP Billirubin
Treatment  Unit/L Change (%) Unit/L Change (%) Unit/L Change (%) Unit/L Change (%)
B 19.0143.33 33.64+1.57 122.77+8.12 1.18£0.12
C 39.15+1.51%"  105.92 65.30+£3.23 %2 94.12 296.64+11.16%°  141.62 436+0.21% 268.41
S50 36.16+0.62% 90.20 51.58+0.34 %Y1 5334 285.28+16.01%%  132.37 3.5140.34 %Y1 19594
S100 33.91+0.69°'Y2 7837 42.56+0.98 XY 26.53 249.22+1.94%Y1  103.00 3.2740.17%Y" 17623
S200 25.84+2.78Y2 35.92 35.66+1.91 X1Y? 6.00 169.46+30.16 ¥ 38.03 2.60+0.35%Y1 119.71
D 23.55+1.39" 23.88 44.68+5.53 %Y1 3281 151.58+9.92 %2¥3 23.47 1.60+0.12%1Y2 3478
Values are mean + SD of six observations.
X: significant difference from normal mice (B) group (X1: p< 0.05; X2: p<0.01 and X3: p<0.001)
Y: significant difference from iron overloaded (C) group (Y1: p<0.05; Y2: p<0.01; Y3: p<0.001)
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Table 2. The effect of TBME on antioxidant enzymes (SOD, CAT and GST) and non-enzymatic antioxidant, GSH in iron overloaded mice

SOD CAT GST GSH
Treatment ~ Unit/mg protein ~ Change (%) Unit/mg protein ~ Change (%) Unit/mg protein Change (%) pg/mg protein  Change (%)
B 0.68 £ 0.05 222+ 135 5.26 +0.64 0.49 £ 0.04
C 0.09 +0.02° 86.98 9.07 +0.64% 59.14 1.05+0.19%  80.01 0.32+0.04% 347
S50 0.16 + 0.06% 76.03 112907152 49.15 2.19+0.22%Y2 5844 0.32+0.025  34.66
S100 0.45+0.04 3402 1544 £0.79°Y 3045 3.14+ 047 4036 0.34+0.04° 3235
S200 0.47 £0.03°Y 3136 1637 +0.74°Y  26.26 413 +£041%7 21.44 0.36 +0.06°Y* 27.32
D 0.39 +£0.06°Y 4156 18.97 £0.81%*°  14.55 3.13+0.53%Y 40.43 0.39 +0.055Y 2138
Values are mean + SD of six observations.
X: significant difference from normal mice (B) group (X2: p<0.01 and X3: p<0.001)
Y: significant difference from iron overloaded (C) group (Y2: p<0.01; Y3: p<0.001)
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Fig. 3. Hepatic lipid peroxidation levels in different treated mouse liver. Mice were randomly divided into six groups (blank, B;
control, C; 50 mg kg™ b.w. TBME, S50; 100 mg kg™ b.w. TBME, S100; 200 mg kg™' b.w. TBME, S200; desirox group, D)
and treated as described in ‘experimental design’ section. Values are expressed as mean + SD of six mice. ***p < 0.001
compared with blank and **p < 0.001 compared with control

3.8. Histopathological Analysis

Histology of the liver sections of normal mice
showed normal cell morphology with well-preserved
cytoplasm, prominent nucleus and well brought out
central vein (Fig. 6A). Iron-dextran control mice showed
various degrees of pathological changes including
hepatocellular necrosis, ballooning degeneration and loss
of cellular boundaries (Fig. 6B). In contrast, the liver
sections taken from TBME treated mice showed
attenuation of the pathological changes and revealed
marked reduction in hepatic lesions (Fig. 6C-E). Figure
6F exhibited the improved histology of liver sections
taken from desirox treated group.

3.9. Liver Iron and Serum Ferritin Levels
Liver iron content was elevated about 151% after

intraperitoneal administration injection of iron dextran.
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The TBME treatment (S50, S100 and S200) evidently
lowered the iron content at a level of 6, 22 and 35%
respectively (Fig. 7). Significant increase (182%) of
serum ferritin level in iron loaded mice was substantially
reduced to 58, 86 and 122% as treated with TBME dose
dependently to S50, S100 S200, respectively (Fig. 8).

3.10. Reductive Release of Ferritin Iron and its
Correlation with Reducing Power

Figure 9 showed the reductive release of ferritin
iron by TBME, that was measured with a ferrous

complex of ferrozine [Fe(ferrozine);]*". Control
experiments without TBME produced negligible
amounts of [Fe(ferrozine);]*", whereas, after dose

dependant addition of TBME the [Fe(ferrozine);]*"
complex formation was increased significantly with
time. The correlation graph of reducing power and
released ferritin iron (%) by TBME was depicted in Fig. 10.
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Fig. 4. Inhibitory effect of TBME on protein oxidation levels in iron overloaded mice. Mice were randomly divided into six groups
(blank, B; control, C; 50 mg kg™! b.w. TBME, S50; 100 mg kg™' b.w. TBME, S100; 200 mg kg™' b.w. TBME, S$200; desirox
group, D) and treated as described in ‘experimental design’ section. Protein carbonyl content was assayed to measure the
extent of protein oxidation. Values are expressed as mean + SD (n = 6). ***p < 0.001 compared with blank and *p < 0.01,
5 <0.001 compared with control
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Fig. 5. Collagen content in different treated mouse liver. Mice were randomly divided into six groups (blank, B; control, C; 50 mg
kg™ b.w. TBME, S50; 100 mg kg™ b.w. TBME, S100; 200 mg kg™ b.w. TBME, S200; desirox group, D) and treated as
described in ‘experimental design’ section. Hydroxyproline content was assayed to determine the liver fibrosis. Values are
expressed as mean £ SD (n = 6). ***p < 0.001 compared with blank and **p < 0.001 compared with control
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Fig. 6. Photomicrograph of mice liver sections (staining with haematoxylin and eosin) x 40; (A) Normal mice liver. (B) Iron
intoxicated (iron-dextran, 100 mg kg™ b.w.) liver section showing necrosis, ballooning degeneration and loss of cellular
boundaries. (C) Liver section treated with iron-dextran + 50 mg kg™' b.w. TBME. (D) Liver section treated with iron-dextran
+ 100 mg kg™' b.w. TBME. (E) Liver section treated with iron-dextran + 200 mg kg™' b.w. TBME. All three groups (C), (D)
and (E) shows reduced hepatocellular necrosis, ballooning degeneration and inflammation. (F) Liver section treated with
iron-dextran + 20 mg kg™ b.w. desirox also shows reduced necrotic area and increased number of hepatocytes
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Fig. 7. Effect of TBME on hepatic iron content in different treated mouse liver. Mice were randomly divided into six groups (blank,
B; control, C; 50 mg kg™' b.w. TBME, S50; 100 mg kg™' b.w. TBME, S100; 200 mg kg™' b.w. TBME, S200; desirox group,
D) and treated as described in ‘experimental design’ section. Values are expressed as mean + SD of six mice. ***p < 0.001

compared with blank and *p < 0.001 compared with control
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Fig. 8. Serum ferritin levels in different treated mouse. Mice were randomly divided into six groups (blank, B; control, C; 50 mg/kg
b.w. TBME, S50; 100 mg/kg b.w. TBME, S100; 200 mg/kg b.w. TBME, S200; desirox group, D) and treated as described in
‘experimental design’ section. Serum ferritin levels were assayed to demonstrate the degrees of iron overload. Values are
expressed as mean = SD of six mice. *p < 0.05, **p < 0.01, ***p < 0.001 compared with blank and *» < 0.05, #p < 0.01
compared with control
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Fig. 9. Dose dependent formation of the [Fe(ferrozine);]** complex following release of Fe** from ferritin by TBME with time. The

reductive release of ferritin iron was quantified by measuring the formation of the ferrous complex of ferrozine,
[Fe(ferrozine);]*" at 562 nm using a Shimadzu UV-VIS spectrophotometer.
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Fig. 10. Correlation of reducing power versus release of ferritin iron (%) by TBME

Results showed a positive correlation coefficient (R =
0.9161) between the reducing power and the amount of
released ferritin iron (%), which is highly significant
(p<0.001). The results signified the higher reducing
power of TBME resulted in the release of higher amount
of iron from ferritin.

4. DISCUSSION

Iron is the most common cofactor within the oxygen
handling biological machinery and specifically, lipid
peroxidation of biological membranes is the main
pathogenic mechanism of iron overload induced tissue
damage (Bonkovsky, 1991). 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 critical
failure of biological functions and cell death (Sayre et al.,
2005). An effective therapeutic approach could be
sequestering of catalytically active iron present in the
cytosol or released by chelation from other cell iron
stores (Rothman et al., 1992) and at the same time,
protecting membranes from free radicals produced in the
cells (i.e., antioxidant activity).

The results from Fig. 1 suggest that, TBME showed
impressive results indicating that it has iron chelating
activity. Fe*"-mediated Fenton reaction induced nicking of
pUCI8 plasmid DNA was also studied and it was observed
that the DNA strand scission was significantly subdued with
the addition of TBME in a dose dependent manner. The
significant reduction in the formation of nicked DNA and
increase in supercoiled DNA in the presence of the TBME
reveal its excellent iron chelating activity.
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Serum enzymes and bilirubin are the important
parameters measured for the diagnosis of liver diseases.
Iron overloaded hepatic injury leads to leakage of
cellular enzymes into the bloodstream, resulting in
amplified levels of serum ALAT, ASAT, ALP and
bilirubin (Reddy and Lokesh, 1996). TBME reduced the
serum enzymes as well as the total bilirubin levels,

indicating its protective effect over liver and
improvement in its functional efficiency.
Intrinsic defence mechanism of cells against

oxidative stresses involves the range of antioxidant
enzymes such as SOD, CAT, GST or compounds such as
GSH (Beckman and Ames, 1998). Iron overloaded
situation gives rise to major oxidative stress and lowers the
levels of these enzymes involved in body’s antioxidant
defence system. Oral administration of TBME significantly
mended the levels antioxidant enzymes and thus helping
revival from iron induced damage.

The most important hypotheses for the mechanism
of hepatocellular injury in chronic iron overload is the
peroxidative damage to the lipid membranes of cellular
organelles resulting in structural and functional
alterations in cell integrity through loss of lysosomal
membrane (Bonkovsky et al., 1981). The present study
demonstrates the lipid peroxidation inhibiting capability
of TBME and this activity supposed to be associated
with its iron chelating activity.

Protein oxidation is another significant factor in the
pathogenesis of iron overload induced hepatic damage.
The iron overload induced ROS can lead to oxidation of
protein backbone resulting in modification of catalytic
and structural integrity of various important proteins
(Dalle-Donne et al., 2003). The spectrophotometric
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DNPH assay was used for quantification of protein CO
groups, as marker of oxidative damage and the results
presented in this work clearly establish that TBME
efficiently reduced the protein carbonyl content produced
in protein oxidation.

Liver fibrosis is the excessive accumulation of
extracellular proteins including collagen that occurs in
most types of chronic liver diseases (Ramm and Ruddell,
2005). Iron overload cause a significant increase of
hydroxyproline, which is the marker of fibrosis.
Treatment with TBME  significantly  reduced
hydroxyproline content in iron intoxicated mice,
demonstrating the hepatic fibrosis inhibitory potency of
the plant extract.

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, whereas extremely damaged
cytoarchitecture is found to be prevalent in those from
iron overloaded group. 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.

The decrease in liver iron deposition induced by
TBME treatment support its iron chelating potency.
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 (Ford et al.,
1984). In general, the amount of ferritin in blood reflects
the extent of iron stores in the liver, making it one of the
key parameters in the management of hemochromatosis
and other iron overload diseases. In this study, the
ferritin level was found enhanced in iron overloaded
mice, whereas, the level significantly reduced after the
treatment with TBME.

Within cell, ferritin served as the storage protein for
excess iron in ferric state. In case of iron overload,
various iron chelators are administered to attenuate the
situation, but, most of these chelators have limited
binding activity for ferric iron as well as iron in ferritin is
not properly accessed to them. So, iron chelation therapy
is dependent on the reductive release of ferritin iron,
which is achieved by supplemented addition of a
reducing agent such as ascorbate to increase the
availability of storage iron to chelators (O’Brien, 1974).
However, it is obvious that intrinsic reducing property of
an iron chelator should definitely increase the efficiency
of iron chelation therapy to treat iron overload. Previous
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results had shown the reductive ability of TBME
(Hazra et al., 2010) as well as in the present study, a
significant positive correlation between reducing power
and iron released from ferritin has been well established.
The current result exhibited the reductive ability of TBME
to release ferritin iron dose dependently with time and can
be used as iron chelating drug to treat iron overload.

5. CONCLUSION

To summarize, it can be concluded that TBME,
which possess both reducing power and iron chelating
activity, can reduce the toxic level of iron in iron
overload mice and hence protect liver from oxidative
stress and fibrosis. Serum enzyme and serum ferritin
levels, both indicators of severe iron overload, are also
effectively lowered owing to its administration. Taken
together, the current findings may be of use in
elucidating the pharmacology and application of TBME
as a hepatoprotective or potential iron chelating drug in
the treatment of iron overload diseases.
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