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ABSTRACT

The present work was performed to evaluate the protective effect
of green tea or licorice on blood chemistry under the influence of the
undue effects of iron overload. Male albino rats were fed prepared
basal diet containing 1500 mg of ferric iron / kg, iron overload diet
was concomitantly administered with a daily oral dose of green tea
aqueous extract equivalent to 3.5 mg /100g b wt / day or 100 mg / kg
b wt / day of licorice aqueous extract for eight weeks. Iron overload
exerted a well marked increase in serum iron level associated with a
significant increase in lipid profile, serum aspartate amino transferase
(AST) and alanine amino transferase (ALT) activities as well as a
significant increase in serum urea and creatinine. The obtained results
were statistically compared with iron adequate and iron deficient diet
fed groups. The concomitant oral administration of green tea or
licorice with iron overload diet exerted a significant decrease in serum
iron levels; a more dramatic lowering effect was elicited by licorice,
which must be taken into consideration. Apart from the negative effect
of the licorice on HDL-cholesterol, the protective effect of the two test
plants against the undue effects of iron overload was indicated by the
well marked improvement in liver and kidney function as well as the
reduction of increased lipid profile.

INTRODUCTION

Iron is an essential element and its deficiency is a nutritional
problem in both developed and developing countries. Consequently,
many types of dietary iron supplementation are used. Some
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researchers have suggested that the general population is consuming
excess iron due to these supplements. They found that several types of
diseases are provoked by short- or long-term exposure to iron in
quantities above the capacity of the organism to protect itself against
iron’s reactivity and that iron’s role in pathological processes is
related to its ability to catalyze reactions that lead to the formation of
oxygen free radicals (Fraga and oteiza, 2002). The redox activity of
free iron is inhibited by the presence of iron chelators (Ferrali et al.,
2001).

Flavonoids represent one class of bioactive compounds that may
have multiple beneficial effects on several chronic diseases.
Flavonoids are polyphenols compounds that are synthesized by plants
and that can be incorporated in animals through the diet. Interestingly,
these compounds can play a double role in reducing the rate of
oxidation, as they can participate in iron chelating (Jagetia et al., 2004
and Pardo — Andreu 2008).

Tea is the second most consumed beverage in the world, water
being the first. The chemical composition of green tea (Camellia
sinensis), with respect to its main constituents, is similar to that of the
plant’s fresh leaves. Up to 30% of green tea’s dry leaves are
polyphenols. Most of these polyphenols are flavonols, which is
usually called catechins. The main catechins in green tea are
epigallocatechin- 3 gallate (EGCG), epicatechin-3  gallate,
epigallocatechin, and epicatechin. Green green tea polyphenols can
chelate metals ions like iron and copper to prevent their participation
in Fenton and Harber — Weiss reactions (McKay and Blumberg 2002,
and kim et al., 2003).

The root of Glycyrrhiza glabra (licorice) is one of the most
popular herbal medicines in the world due to its exceptional
pharmacological properties recognized by the traditional medicine.
Licorice contains glycyrrhizin, oleane triterpenoids, glucose, and
flavonoids. Glabridin is an isoflavan compound and one of the major
active flavonoids in licorice (Chin et al., 2007 ; Qing Yu et al., 2008).

The present study was performed to evaluate the protective
effect of the aqueous extracts of green tea or licorice as natural and
traditional beverage on blood chemistry of albino rats under the
influence of the undue effects of iron overload.
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MATERIALS AND METHODS

Chemicals

Ferric citrate was purchased from Sigma-Aldrich Chemical co.
All other chemicals and kits used were obtained at the highest purity
available.
Green tea

Green tea was obtained from the local market (Cairo, Egypt).
Green tea aqueous extract was prepared according to Hassan and
Ahmed (2004). Twenty gram of green tea leaves were added to 500
ml of boiled water and steeped for 5 minutes at room temperature. The
extract was separated from the tea leaves by filtration and freeze —
dried. Tea extract was dissolved in distilled water at a concentration of
0.7%. Each rat was orally administered 1ml tea solution per day. The
dose was derived by exploration from mice according to Hassan and
Ahmed, (2004) as described by Paget and Barnes, (1964).
Licorice

Licorice was purchased from the local market (Cairo, Egypt).
Licorice aqueous extract was prepared according to Lee et al., (2007)
by boiling 600 g of licorice in five liters of water for three hours. Then
filtering the solution and freeze dried. Rats were administered either a
vehicle (tap water) or licorice aqueous extract 100 mg / kg body
weight / day (Lee et al., 2007).

Animals

Male albino rats weighing 150 + 30g were kept under normal
environmental conditions and acclimatized for two weeks prior to
experimentation, during which they were allowed access to food
(standard diet prepared according to NRC, 1995; the ferric premix was
prepared from ferric citrate (16.5% Fe) as described by Cockell et al.,
2005) and water ad libitum.

Experimental Design

The rats were randomly divided into equal seven groups (16 for
each) according to iron status and medicinal plants treatment as
follows:

Group I (Iron deficient group): fed a basal diet containing 10 mg
ferric iron / kg diet (Trinder et al., 2002); Group II (Iron adequate
group): fed a basal diet containing 35 mg ferric iron / kg diet (Cockell
et al., 2005), Group III (Iron overload group): fed a basal diet
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containing 1500 mg ferric iron / kg diet (Cockell et al., 2005); Group
IV: fed a basal diet containing 35 mg ferric iron / kg diet concomitant
with a daily oral dose of green tea aqueous extract (3.5 mg / 100g
b.wt.); Group V: fed a basal containing 1500 mg ferric iron / kg diet
concomitant with a daily oral dose of green tea aqueous extract (3.5
mg / 100g b. wt.); Group VI: fed a basal diet containing 35 mg ferric
iron / kg diet concomitant with a daily oral dose of licorice water
extract (100 mg / kg b. wt.); Group VII: fed a basal diet containing
1500 mg ferric iron / kg diet concomitant with a daily oral dose of
licorice water extract (100 mg / kg b.wt. ). The experimental period
was lasted for eight weeks. Blood samples were individually collected
at the end of 4 and 8 weeks. Serum was separated and kept at -20°C
till be used.
Biochemical analysis

The following parameters were determined: serum Iron, Total
Iron Binding Capacity (TIBC) by Ceriotti and Ceriotti ,1980 and
Tabacco et al., 1981 methods, Transferrin saturation (TS %) was
calculated as (Serum iron / TIBC x 100); Triacylglycerol (TAG) by
Fossati and Prencipe 1982 method ; Total Cholesterol ( TC ) by
Richmond 1973 method , High density lipoprotein— Cholesterol
(HDL-C) by Warnick et al.,1983 method , ALT and AST by Reitman
and Frankel, 1957 method , Urea, according to the method of Tabacco
et al., 1979 and Creatinine by Faulkner and king, 1976 method.

The results were evaluated by one-way ANOVA using SPSS
software version 15.0.

RESULTS AND DISCUSSION

Results

Serum iron level was significantly decreased in iron deficient fed
rats (Group I) in comparison with iron adequate group (Group II) at
the same time interval. Such decrease was accompanied by a well
marked increase in serum TIBC level and a significant decrease in
transferrin saturation percent (TS %). On the other hand, iron overload
fed rats (Group III) exhibited the highest serum iron level associated
with a non significant decrease in TIBC and a significant increase in
TS % (Table 1).

The concomitant administration of green tea or licorice with iron
adequate diet (Groups IV and VI) restore the changes in serum iron
levels, TIBC and TS % until the end of the fourth week. Meanwhile,
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serum iron level tends to elucidate a significant decrease accompanied
by a non significant increase in TIBC level as well as a significant
decrease in TS % at the end of the experimental period. The
administration of green tea or licorice with iron overload diet (Groups
V and VII) exerted a well marked decrease in serum iron level
associated with a significant increase in serum TIBC level and a
significant decrease in TS % allover the experimental period (Tablel).

Serum triacylglycerol (TAG) and total cholesterol levels were
insignificantly changed in iron deficient fed rats when statistically
compared with iron adequate fed rats (Group II). Similar findings
were also observed when green tea or licorice concomitantly
administered with iron adequate diet (Group IV and VI, Table 2).
Meanwhile, feeding of iron overload diet induced a significant
increase in serum TAG and total cholesterol levels in comparison with
iron adequate fed rats at the same time intervals. This increment was
significantly decreased with the concomitant administration of either
green tea or licorice (Table 2).

Iron overloaded rats (Group III) showed a significant increase in
HDL-C level at the end of the experimental period when statistically
compared with iron adequate fed rats at the same time intervals. The
concomitant administration of green tea with iron adequate or iron
overload diet (Groups IV and V) exhibited a gradual increase in serum
HDL-C level. On the contrary, the concomitant administrations of
licorice with iron overload diet (Group VII) significantly decreased
HDL-C level at the end of the experimental period (Table 2).

The administration of iron overload diet (Group III) caused a
significant increase in both serum ALT and AST activities in
comparison with iron adequate diet (Group II) at the same time
intervals. The concomitant administration of green tea or licorice with
iron overload diet ameliorates such effect. The obtained results
revealed the most potent lowering effect of licorice (Table 3).

Serum urea and Creatinine were significantly elevated in iron
overload fed rats when statistically compared with iron adequate fed
rats (Group II) at the same time interval (Table 4). The concomitant
administration of green tea or licorice displayed no effect on such
increments. On the other hand, the concomitant administration of
licorice with iron overload significantly decrease urea level (Table 4).
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Table (1), effect of Green tea or Licorice aqueous extract on serum iron
(ng /dl), total iron binding capacity (ug /dl) and transferrin percent (TS
%) under the effect of iron overload

Time 4 Weeks 8 Weeks
Groups Serum iron TIBC % TS Serum iron TIBC % TS
Group I 196.8+4.8% | 8832+403°¢ 22.4+0.6" 165.1+3.74 811.3£29.0°¢ 20.4+0.3"
Group II 231545 657.7+4.1%8 35.1+0.78 246.1+6.8 ¢ 670.8 = 7.6"8 36.7+0.9¢
GroupIII | 267.6+9.1° | 611.7+11.8* 43.8+1.2"8 312.4+5.0° 590.1+ 6.6" 52.9+0.6°
GroupIV | 216+35° 613.4+10.1" 353 +0.8° 1982+45°8 707.8 +23.6° 282+1.5%
GroupV | 2283+£44% | 722.1+30.8° | 32.0+1.9" 205.1+328 846.4 +51.6€ 248+ 1.8°
Group VI | 2252+4.0% | 645.1+18.5"P 35.1+ 1.4 1959+92°8 759.9+44 .55 ¢ 26.1+158
Group VII | 221.9+5.7% | 907.2+47.9¢ | 248+1.48 174.6 £ 6.4*8 840.3+16.4° 20.8+1.04
Results were expressed as mean values + SE, (n= 6).

The presence of different capital letters in the same column indicating a significant
difference between groups using one way ANOVA and Duncan's multiple
comparison test at p < 0.05 .

Table (2), effect of Green tea or Licorice aqueous extract on serum
triacylglycerol (TAG), total Cholesterol (TC) and HDL- Cholesterol
(HDL-C) under the effect of iron overload

. TAG (mg / dl) Cholesterol (mg / dl) HDL-C (mg / dl)
GT‘:)I?J;:)S 4 Weeks 8 Weeks 4 Weeks 8 Weeks 4 Weeks 8 Weeks
Group I 55.8+2.6% 57.9+1.6% 62.2+1.0° 62.6+13% | 439+34" | 394+30"
Group IT 55.1+1.94 56.4+22% | 66.6+1.9BC | 62.15+1.0" | 42.5+3.7"% | 49.5+3.6"B
Group Il | 114.7£6.8° | 112.0+6.5¢ 99.7+ 3.0 96.5+2.5” | 442+38" | 652+4.1°
Group IV 53.1+3.14 546+44% | 673+£2.1%C | 60.5+22" 54.9+2.4" 61.4+4.6°
Group V 82.1+3.5" 783 +4.18 76.5+2.2P 83.6+3.7° | 48.1+£2.1A% | 58.3+245¢
Group VI 533+224 55.5+2.0" 478+32% | 5695+3.6% | 40.7+£2.5% | 542+52B€

Group VII | 92.7+4.9" 86.7+63% | 713+1.9° | 723+43% | 453+£28% | 427+26"

Results were expressed as mean values + SE, (n= 6).
The presence of different capital letters in the same column indicating a significant
difference between groups by using one way ANOVA and Duncan's multiple
comparison test at p < 0.05
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Table (3), effect of Green tea or Licorice aqueous extract on serum ALT
and AST enzymatic activity under the effect of iron overload

Time ALT(U/L) AST(U/L)
Groups 4 Weeks 8 Weeks 4 Weeks 8 Weeks
Group I 265+0.84" | 23.9+1.7% 75.1 £ 4.5 79.7+ 4.148
GroupIT | 3575+1.7°¢ | 346+1.6° 89.4 £1.2B¢ 88.3 +1.9"

Group III | 434+22° 53.17+2.1¢ | 91.5+0.5B¢ 109.3 £1.3¢

Group IV 37.7+19°¢ 38.7+24% | 873+3.6B° | 853+32A°
Group V 48.0 +1.2° 39.1+1.458 94.7+2.5¢ 84.0 + 3.0A"
Group VI 31.8+1.2° 35.9+1.7"8 86.0 £1.9% 85.3 £ 2.4A8
Group VII | 37.5+0.72 | 27.5+096" | 87.5+2.2% 792 +2.24

Results were expressed as mean values + SE, (n= 6).
The presence of different capital letters in the same column indicating a significant
difference between groups by using one way ANOVA and Duncan's multiple

comparison test at p <0.05 .

Table (4), effect of Green tea or Licorice aqueous extract on serum urea
and creatinine under the effect of iron overload

Time Urea (mg/dl) Creatinine (mg/dl)

Group 4 Weeks 8 Weeks 4 Weeks 8 Weeks
Group | 43.1+23* 50.3+3.8" | 0.45+0.03* 0.46 + 0.05*
Group 11 48.6+1.8%C | 540+1.5% | 0.49+0.04"8 0.60 + 0.035¢
Group 111 61.9 +3.4° 75.5+2.8% | 0.58+0.035%C 0.82 +0.03"
GroupIV | 46.7+32A% | 51.4+3.6" | 0.54+0.04*5¢ 0.52 + 0.05"
GroupV | 522+3.5ABC | 70.0+22°® | 0.70+0.02° 0.70 + 0.04°PF
Group VI | 55.7+3.5%P | 552416 | 0.63+0.06° 0.63 £+ 0.045¢P
Group VII | 58345 | 57823 | 0.73+0.02° 0.76 + 0.06"F

Results were expressed as mean values + SE, (n= 6).
The presence of different capital letters in the same column indicating a significant

difference between groups by using one way ANOVA and Duncan's multiple

comparison test at p <0.05 .
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Discussion

The obtained results are going to be discussed under the
following two categories, assessment of the undue effects of iron
overload on blood chemistry and evaluation of the protective effect
green tea or licorice aqueous extract.

A-Assessment of the undue effects of iron overload on blood
chemistry

It has been reported that, when dietary or genetic disorders
induce iron overload, the iron binding of plasma is completely
saturated which is measured indirectly by TS % (Yamanishi et al.,
2003). This study shows a significant increase in serum iron level
associated with a significant increase in TS % when iron is
supplemented to diet in excessive amount (1500 mg of ferric iron / kg
diet). Such that increase in TS % suggesting, tranferrin become nearly
full saturated and the supplementation with excess ferric citrate could
be considered to some extent appropriate to study the event link to
change in blood chemistry.

The administration of iron overload diet induced a significant
increase in serum triacylglycerol (TAG) and total cholesterol levels
The gained results are in agreement with those obtained by Dabbagh
et al., (1994), Whittaker et al., (1996), Kirk et al., (2001) and Lafay et
al.,(2005). It has been previously reported that, in iron overloaded rats
the increase in plasma total cholesterol level was associated with a
dramatic decrease in plasma ascorbic acid (Odumosu and Wilson,
1979 and Dabbagh et al., 1994). The increase in total cholesterol level
in iron overloaded rats could be possibly explained by the decrease in
cholesterol 7 a — hydroxylase activity, an enzyme involved in the
catabolism of cholesterol and the synthesis of bile acids and that
enzyme requires ascorbic acid as a cofactor (Turley et al., 1976). Our
finding disagree with the results obtained by Turbino — Ribeiro et al.,
(2003) who reported that, overdose of iron dextran treatments induced
a reduction in serum cholesterol and no effect on serum triacylglycerol
(TAG). It may be pointed out that, this disagreement may be due to
the difference in iron compounds and to the level of iron load used
which may be a determinant factor in inducing increase in lipid
profile.

Apart from the effect of licorice co administration with iron
overload diet, the current study shows a significant increase in HDL —
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C at the end of the experimental period. Difference in lipid and plasma
lipoprotein metabolism among various species makes it difficult to
compare the various animal models. Rabbits for instance do not have
hepatic lipase or a protein analogous to human apolipoprotein All.
Rats and mice, unlike human and other species do not have plasma
cholesterly ester transfer proteins. Thus, most serum cholesterol is
present as part of HDL — C (Rubies — Prat et al., 1982 and Tall, 1993).
When, only experiments with rats are considered, there is consensus
that excess iron increases HDL — C as was observed by Dabbagh et
al., (1994) and Turbino — Ribeiro et al., (2003) with rats that
consumed a cholesterol containing diet and by Brunet et al., (1999)
with rats that were fed a diet without cholesterol.

Feeding animal with excess iron significantly increase the
activity of ALT and AST. This finding is in agreement with that
obtained by Asare et al., (2006), El Bahar et al., (2007) and Pardo-
Andreu et al., (2008). These authors reported that the liver is one of
the major sites of iron deposition in iron overload conditions and
massive deposition in hepatocellular leading to hepatic fibrosis and
cirrhosis.

The increase in serum urea and creatinine as a consequence of
iron overload confirmed the previous reports of Chopra et al., (2004)
and El Bahar et al.,, (2007). These authors reported that, the
intrapritoneal injection of excess iron to rats or mice resulted in an
elevation of plasma blood urea nitrogen and creatinine, suggesting the
impairment of kidney function. Dimitriou et al., (2000) concluded
that, iron overload leads to intralysosomal storage of iron in the
kidney, which brings about distinct changes in the behavior of the
organelles in subcellular fractionation studies. Lysosomes become
more fragile and show increased density, suggesting that, iron
overload modify the constituents of the lysosomal membrane.

B- Evaluation of the protective effect green tea or licorice aqueous
extract

The gradual decrease in serum iron level that was accompanied
by a gradual increase in TIBC and a marked decrease in TS % after
the concomitant administration of green tea aqueous extract with iron
overload diet could be attributed to the green tea polyphenols.
Catechins possess well established metal — chelating agent properties,
structurally important features defining their chelating potential are
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the 3', 4’ dihydroxyl group in the B ring as well as the gallate(Hider et
al., 2001) , which may neutralize ferric ion to form redox inactive
iron. Similar findings were also concluded by Srichairatanakool et al.,
2006 and Thephinlap et al., 2007, with the investigation of either
crude green tea aqueous extract or with seperated epigallocatechin — 3
— gallate (EGCGQG) and epicatechin — 3 — gallate (ECG) from green tea.

The obtained results revealed that the concomitant oral
administration of licorice aqueous extract with iron overload diet
exerted a more potent decreasing effect on serum iron level as
observed by the gradual decrease in TS % that could be reflect a
drastic decrease in iron storage. The lowering effect of licorice
aqueous extract may be attributed to the chelating properties of the
glabridin and hispaglabridins A and B isoflavanes on excess iron in
the plasma (Takeda et al., 1996), or may be ascribed to the presence of
18 P glycyrretinic acid (the major hydrolyzed metabolite of
glycyrrhizin in the intestine) that may affect iron absorption. This
explanation need to further investigation to avoid the gradual decrease
in iron storage and to determine the exact mechanisms that by which
licorice can induce alterations in the iron overload status.

The regulation of plasma cholesterol levels involves factors that
influence both extracellular and intracellular cholesterol metabolism
as 3 — hydroxy — 3 methyl glutaryl — coenzyme A (HMG — Co A)
reductase and acyl coenzyme A: cholesterol O — acyl transferase
(ACAT), which is the enzyme that catalyzes the intracellular
esterification of cholesterol and hepatic VLDLs- cholesterol secretion
(Shin et al., 1999). HMG — Co A reductase and ACAT inhibitors
(such as green tea catechins and licorice isoprenyl flavonoids) are able
to block this regulatory enzyme of cholesterol synthesis and are very
effective in lowering serum cholesterol in most animal species
including humans (Kim et al., 2005 and Choi et al., 2007).

Aqueous extract of green tea significantly reduced the levels of
triacylglycerol (TAG) and serum total cholesterol, when
simultaneously administered with iron overload diet. This lowering
effect may be mainly attributed to the green tea polyphenols,
particularly catechins. This finding is in agreement with that reported
by Chan et al., (1999).

Raederstoff et al., 2003 reported that EGCG reduced total
cholesterol and LDL plasma levels with non significant change in
serum triacylglycerol and HDL — cholesterol. These authors suggested
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that, one of the underlying mechanisms by which EGCG affects lipid
metabolism is the interfering with the micellar solubilization of
cholesterol in the digestive tract, which then in turn decreases
cholesterol absorption. Yokozawa et al., 2002, reported that the
administration of green tea polyphenols effectively inhibited LDL —
cholesterol oxidation and elevated serum antioxidant activity.
Furthermore, green tea polyphenols increased the levels of HDL —
cholesterol. In that concern, the obtained data in the current study
revealed a progressive non significant increase in HDL — cholesterol
when green tea aqueous extract simultaneously administrated with
iron overload fed diet. This effect seemed to be in agreement with
Araya et al., 2001, who reported that flavonoids increased plasma
HDL — cholesterol. According to these authors, the increase indicated
in plasma HDL — cholesterol may be either due to the stabilizing
effect of polyphenols flavonoids on plasma lipoprotein or the systemic
effect of flavonoids to modulate various enzyme activities that can
affect lipoprotein metabolism leading to an augmentation of HDL —
cholesterol.

Licorice water extract induced the same reducing effect on
serum TAG and cholesterol levels when concomitantly administrated
with iron overload diet. The hypolipidemic effect of licorice extract
may be attributed to glabridin isoflavan (Rosenblat et al., 1999). It
may be pointed out that, licorice aqueous extract displayed a non —
significant fluctuating decreasing effect on HDL — cholesterol level
when administrated with excess iron.

There is a body of evidence that, there are circumstances in
which HDL may not be protective and may be in fact paradoxically
promote vascular inflammation and oxidation of low — density
lipoprotein (Ansell et al., 2006 and 2007). It has been reported that,
the isoprenyl flavonoids, that was isolated from the ethanolic extract
of licorice root, may interfere with the production of lipoprotein and
accumulation of cholesteryl ester (Choi et al., 2007). Navab et al.,
(2007) reported that oxidative alteration of the main protein of HDL
apolipoprotein Al impaired its capacity to promote cholesterol efflux
from monocyte macrophages, which in turn reverse cholesterol
transport and HDL antioxidant and anti — inflammatory function
(Gorden and Fifkind et al., 1989; Duell et al., 1991).

The positive protective effect of the two tested extracts in
recovering the reduction that induced in hepatic function is indicated
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by the well marked decrease in ALT and AST enzymatic activities.
These findings confirmed the results obtained by Jagetia et al., (2004),
Lafay et al., (2005) and Pardo — Andreu et al., (2008). The previous
authors proved the effect of various flavonoids compounds in
improving the impaired liver function resulted from excess iron. The
reduction indicated in ALT and AST activities could be referred to the
flavonoids components that found in the two tested extracts. Sakata et
al., 2004 and Roomi et al., 2008 demonstrated the potential inhibitory
effect of EGCG on the proliferation of hepatic stellate cells as well as
the hepatoprotective effect of crude green tea polyphenols against
acetoaminophen induced liver and kidney functions.

The hepatoprotective effect of licorice extract ascribed to the presence
of 18 B glycyrrhetinic acid, the aglycone found in glycyrrhizin and
liquiritigenin (Gumpricht et al., 2005 and Kim et al., 2009).

It has been reported that, the effect of iron on kidney tissue
involves chemical modification of the constituent of the lysosomal
membrane such as lipid peroxidation (Dimitriou et al., 2000); this
finding could explain the disturbance that induced in serum urea and
creatinine in the current study. The concomitant administration of the
two tested extracts induced a significant decrease in serum urea levels.
It may be pointed out that, the co - administration of the two tested
extracts with excess iron displayed a non significant decrease in serum
creatinine levels. The results in the current study are in agreement
with that obtained by Yokozawa et al., 1999 who proved the
effectiveness of green tea extract in improving the decline that
induced in the kidney function. Yokozawa et al., 2003 and
Mohamadin et al., 2005 reported that, the administration of green tea
extract significantly improved kidney function in a dose — dependent
manner.
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