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Nelumbo nucifera Gaertn is widespread and a popular food in central and southern Taiwan. It has

also been reported to possess different therapeutic effects, but the effects of N. nucifera leaf on lipid

metabolism and liver function remain unclear. In this study, a high fat diet was used to induce

hyperlipidemia, hypercholesterolemia, and fatty liver in hamster. The effects of flavonoid-enriched

N. nucifera leaf extract supplement and two lipid-lowing drugs, silymarin and simvastatin, on the

disorders induced by high fat diet were investigated. The results showed that a 10-week application

of a high fat diet to hamsters led to significant increases of body weight, plasma lipid derivatives

(triglyceride, total cholesterol, and lipoproteins), lipid peroxidation, and liver damage markers

(plasma aspartate aminotransferase and alanine aminotransferase). Interestingly, flavonoid-en-

riched N. nucifera leaf extract supplement effectively ameliorated the high fat diet-induced lipid

metabolic disorders as significantly as silymarin and simvastatin did. Moreover, the flavonoid-

enriched supplement alleviated the high fat diet-induced accumulation of lipids in liver, the findings

showing distinguishing mechanisms from the effects of silymarin and simvastatin. These results

suggested that the flavonoid-enriched N. nucifera leaf extract supplement may significantly improve

the high fat diet-induced abnormal blood lipids and liver damage as significantly as the common

drugs. Consequently, it is suggested that the flavonoid-enriched N. nucifera leaf extract supplement

is beneficial for the improvement of lipid metabolisms and the alleviation of liver damage in high fat

diet treatment.
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INTRODUCTION

Lotus (Nelumbo nucifera Gaertn) is a widely distributed and
distinguishing crop in central and southern Taiwan. In South-
eastern Asia, lotus seed and lotus root are usually regarded
as a popular food, and lotus leaf is also used as a common relish
in traditional Taiwanese foods. Besides, lotus is extensively used
as a folk remedy and has been shown to possess different
therapeutic effects, and its pharmacological properties have
been increasingly reported: for example, suppression of cyto-
kine expression and hepatoprotective effects of N. nucifera
seed extract (1, 2); reduction of blood sugar level (3), anti-
inflammation (4), and antipyretic (5) effects of N. nucifera
rhizome extracts; and antiobesity activities of N. nucifera leaf
extract (NLE) (6, 7).

In today’s modern lifestyle, an increase in dietary fat
intake, particularly saturated fat, not only increases the

prevalence of obesity, diseases caused by insulin resistance,
and metabolic syndrome but also may lead to atherosclerosis,
diabetes mellitus, and steatosis (8, 9). Atherosclerosis, in-
duced by a complex pathophysiological process, is one of the
major risk factors of cardiovascular diseases (10). It is
believed that circulating concentrations of lipids and free
fatty acids are increased after high-fat feeding, and the
hyperlipidemia as well as the elevated plasma low-density
lipoprotein (LDL) may result in initiation of atherosclero-
sis (11-13). Excess dietary fat consumption associated
with an increase in the prevalence of insulin resistance and
type 2 diabetes mellitus has also been reported (14-16).
Additionally, the risk for cardiovascular diseases has been
found to rise up to 10-fold higher than normal in people with
diabetes mellitus, largely because of underlying atherosclero-
sis (17). A high-fat diet (HFD) may also lead to steatohepa-
titis (18). Steatosis is regarded as an initiating factor for
chronic liver diseases, which may result in a spectrum of
hepatic bases for morbidity including simple steatosis, non-
alcoholic steatohepatitis, fibrosis, and cirrhosis. Moreover,
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steatosis is likely a common cause of cryptogenic cirrhosis (19);
once the cirrhosis is present, hepatocellular carcinoma may also
develop (20, 21).

Although different parts of N. nucifera have shown thera-
peutic effects on various ailments, studies for the effects of
N. nucifera leaf are rare. To further investigate the effects of
N. nucifera leaf on HFD-fed animals, we used a flavonoid-
enriched NLE as a supplement to HFD-fed hamsters. After
10 weeks, the hamsters fed general meal, HFD, HFD supple-
mented with the NLE, and HFD individually supplemented with
two lipid-lowing drugs (silymarin and simvastatin) were sacri-
ficed, and their plasma and liver samples were analyzed for
lipid metabolism and liver damage. Our results showed that the
NLE may effectively reduce both the triglycerides and total
cholesterol in plasma and liver in HFD-fed hamsters. Addition-
ally, the flavonoid-enriched NLE supplement also alleviated
the liver damage by lowering the levels of two common mar-
kers for liver damage, aspartate aminotransferase (AST) and
alanine aminotransferase (ALT), which were increased by HFD
treatment.

MATERIALS AND METHODS

Materials. N. nucifera leaves were purchased from an organic certi-
fication farm in central Taiwan. Female Syrian hamsters were purchased
from National Laboratory Animal Center, Taipei, Taiwan. Aluminum
(III) chloride (AlCl3), trichloroacetic acid (TCA), potassium dihydrogen
phosphate (KH2PO4), potassium hydroxide (KOH), potassium acetate
(CH3COOK), 2-thiobarbituric acid, 1,1,3,3-tetraethoxypropane (TEP),
and silymarin were purchased from Sigma (St. Louis, MO). Simvastatin
(Zocor) and Folin-Ciocalteu reagent were purchased fromMerck & Co.,
Inc. (Whitehouse Station, NJ).

Preparation of Aqueous NLE. The purchased N. nucifera leaves
were washed with distilled water and air-dried. Twenty grams dried
leaves was resuspended in 100 mL of distilled water at 4 �C for overnight.
The supernatant was filtered through two layers of gauze to remove
the debris and then lyophilized. The dry weight yield of NLE is approxi-
mately 15%.TheNLE supplementwas prepared bymixing the lyophilized
NLE powder with HFDmash in 1 or 2% (w/w). Polyphenol composition
in NLE has been analyzed in our previous study by using HPLC (22).
Briefly, the HPLC analysis was performed with a Hitachi liquid chroma-
tograph (Hitachi, Ltd., Tokyo, Japan) consisting of a model L-6200 pump
and a model L-3000 photodiode array detector set at 280 nm. A reverse-
phase LiChrosphere RP-18 column (Merck, 4.6�1506 mm, 5 μm) was
used for HPLC analysis. Elution was carried out at room temperature
and used solventA (2%v/v acetic acid) and solvent B (0.5%v/v acetic acid
and 50% v/v acetonitrile). The solvent B elution gradient was performed
as 5-10% (0-10 min), 10-20% (10-20 min), 20-30% (20-30 min),
30-40% (30-40 min), 40-55% (40-55 min), 55-80% (55-60 min),
80-100% (60-65 min), 100-50% (65-70 min), 50-30% (70-75 min),
and 30-10% (75-80 min). The flow rate was kept at 1 mL/min.
Polyphenols were identified by comparison of their retention time values
and UV-vis spectra with those of known standards and were quantitated
by peak areas from the chromatograms. Eight polyphenols were used
as standard, and the quantitative results revealed that NLE contained
20.47% gallic acid, 1.78% protocatechuic acid, 2.63% catechin, 1.39%
epigallocatechin gallate, 0.99% caffeic acid, 1.41% epicatechin, 6.08%
rutin, and 4.60% quercetin.

Determination of Total Phenolic Acids, Flavonoids, Polysacchar-

ides, and Proteins in NLE. Total phenolic acid was analyzed accor-
ding to the colorimetric Folin-Ciocalteu assay. Briefly, NLE was
dissolved in 1 mL of distilled water and then mixed with 0.5 mL
of Folin-Ciocalteu reagent. After 3 min, 3 mL of Na2CO3 (2%, w/v)
was added to the mixture and reacted for 15 min with gentle mixing.
The content of phenolic acids was determined by measuring absorbance
at 750 nm (Hitachi U-3210 spectrophotometer) and using gallic acid as
standard. The total flavonoid content was analyzed by using AlCl3.
Briefly, 0.5 mL of NLE was mixed with 0.1 mL of AlCl3 (10%, w/v),
1.5mLof ethanol, and 0.1mLof 1MCH3COOK.The total volume of the
mixture was adjusted to 5 mL with distilled water and then mixed well.

After 40 min, absorbance at 415 nm was measured and the flavonoid
content was estimated by calibration curves using rutin. The percentage of
flavonoid was expressed as rutin equivalents in milligrams per 100 g of
fresh weight. The contents of polysaccharide and protein in NLE were
determined using the phenol-sulfuric acid method and Bio-Rad protein
assay kit, respectively.

Animals and Diets. A total of 48 Syrian hamsters, aged 6-7
weeks and weighing 100-120 g, were kept at a constant temperature
of 24 �C and illuminated for 12 h daily (lights on from 6:00 a.m.to
6:00 p.m.). After a 2-weekmaintenance for adaptation to the environment,
the hamsters were randomly grouped by body weight into six groups;
each group was fed a unique diet for 10 weeks and weighed every 2 weeks.
The six groups and their corresponding meals were (1) control, normal
meals; (2) HFD, normal meals containing 0.2% cholesterol and
10% coconut oil; (3)+1% NLE, HFD supplemented with 1% NLE
as described; (4)+2% NLE, HFD supplemented with 2% NLE
as described; (5) + silymarin, HFD supplemented with silymarin
(100 mg/kg); and (6) + simvastatin, HFD supplemented with simvastatin
(1 mg/kg). After a 10-week application of different diets, whole blood
and livers were collected from hamsters that had been fasted for 12-14 h
and then were sacrificed. The blood was collected by EDTA tubes
and centrifuged at 1500g for 10 min at 4 �C. The supernatant plasma
was transferred into new tubes for determination of triglycerides,
total cholesterol, low-density lipoprotein-cholesterol (LDL-C), high-den-
sity lipoprotein-cholesterol (HDL-C), AST, ALT, blood urea nitrogen,
and plasma creatinine. After hamsters had been sacrificed, the livers
were quickly frozen in liquid nitrogen for the extraction of liver lipids
or freshly cut into pieces for fixation, embedding, and hematoxylin and
eosin (H&E) staining.

Quantitation of Triglycerides, Total Cholesterol, and Lipopro-

teins. The quantitative analyses for triglycerides and total cholesterol were
performed by using clinical chemistry reagent kits (Randox Laboratories
Ltd., Antrim, U.K.) according to the manufacturer’s institutions. Briefly,
the plasma was analyzed by enzyme-coupling reactions and colorimetric
measurement. Quantitation of the analytes was performed by standard
curve and the calibrating factors.

For quantitation of total cholesterol, the plasma samples were treated
with cholesterol esterase to release cholesterol prior to enzyme-coupling
reactions and colorimetric measurement. For quantitation of HDL-C,
phosphotungstic acid and magnesium chloride were added to the plasma
to precipitate LDL-C, very low-density lipoprotein (VLDL), and chylo-
micrometer. After centrifugation (1500g for 10 min), HDL-C in the
clear supernatant was determined. For quantitation of LDL-C, heparin
was added to the plasma to precipitate the LDL-C. After centrifuga-
tion (1500g for 10 min), HDL-C and VLDL in the supernatant were
determined, and the LDL-C was quantitated by using the total cholesterol
minus the HDL-C and VLDL.

Extraction of Liver Lipids. Liver lipids were extracted as des-
cribed previously (23). Briefly, liver (1.25 g) was homogenized with
chloroform/methanol (1:2, 3.75 mL), and then chloroform (1.25 mL)
and distilled water (1.25 mL) were added to the homogenate and
mixed well. After centrifugation (1500g for 10 min), the lower clear
organic phase solution was transferred into a new glass tube and then
lyophilized. The lyophilized powder was dissolved in chloroform/metha-
nol (1:2) as the liver lipid extract and stored at -20 �C for <3 days.
The lipid extracts were used for quantitation of liver triglycerides and
liver cholesterol.

Lipid Peroxidation Assay. Lipid peroxidation was determined on
the basis of the level of thiobarituric acid-reactive substances

(TBARS) (24). One hundred microliters of plasma or standard (series
diluted TEP) was mixed with an equal volume of TCA (25%) and
centrifuged at 8000g for 30min. The supernatant (150 μL) was transferred
into a 1.5-mL screw-cap Eppendorf tube and mixed with an equal
volume of 2-thiobarbituric acid (1%) vigorously. The Eppendorf
tube was placed in a heating cabinet at 95 �C for 40 min in the dark.
After cooling at room temperature for 15 min, the TBARS concentration
was determined by fluorescence spectrophotometer (excitation at 532 nm
and emission at 600 nm) and TEP standard curve.

Assessment of Liver and Kidney Damage. Plasma samples were
collected for the following biochemical tests. AST and ALT were assayed
by using commercial diagnostic kits (Randox Laboratories) as previously
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described (25). Blood urea nitrogen and plasma creatinine were assayed by
Roche Diagnostics according to the previous studies (26, 27).

Histopathological Examination of Liver. Small pieces of liver were
fixed in 10% buffered neutral formalin and embedded in paraffin as
described (28). Sectionswere cut at a thickness of 3-5 μmand stainedwith
H&E. The histopathological changes including cell morphology and
cellular lipid vesicles were examined by light microscopy (200�).

RESULTS

Flavonoid Is the Major Component of NLE. To evaluate the
plausible functional elements of NLE, the component analysis of
NLE was performed. As shown in Table 1, HPLC analysis
revealed that NLE consisted of 14.8% total phenolic acids,
56% flavonoids, 16.6% polysaccharides, 4.55% protein, and
some lipids. On the basis of the results, flavonoids were the major
polyphenols in NLE.

NLE Supplement Was Not Affected by the Increase of Body

Weight (BW) Induced by HFD. The variation of body weights
during the 10-week experiment is shown in Figure 1. The ratios of
average BWs on week 10 to week 0 for each group were 1.126
(normal), 1.179 (HFD), 1.165 (+1%NLE), 1.227 (+ 2%NLE),
1.029 (+silymarin), and 1.012 (+simvastatin). The increase of
average BW of hamsters by HFD supplemented with 1% or 2%
NLE was as much as by HFD. Interestingly, the average BW of
the simvastatin groupwas decreased by 16.4 and 17.2%atweek-2
and week-4 as compared to week-0. These results showed that
NLE supplement may not affect the increase of BW raised by
HFD. However, the silymarin and the simvastatin treatments
significantly suppressed the increase of BW raised by HFD.
Together, these results implied that silymarin and simvastatin,
but not NLE supplement, may interfere with fat metabolism or
body growth.

NLE Supplement Decreased Plasma Lipids in Hamsters Fed

HFD. After the 10-week feeding with different meals, six groups
of hamsters were sacrificed and the variations of plasma lipids

examined. As shown in Figure 2, the HFD increased concentra-
tions of both plasma triglycerides and total cholesterol, but the
1%or 2%NLE supplement significantly decreased levels of both
plasma triglycerides and total cholesterol. Moreover, the level of
triglycerides in hamsters fed HFD with NLE supplements was
similar to that of hamsters fed normal meal and HFD with
silymarin or simvastatin supplements. These findings suggest that
the NLE supplement, as well as the silymarin and the simvastatin
treatments, effectively inhibited the increase of triglycerides and
total cholesterol resulting from HFD.

NLE Supplement Decreased Plasma Lipoproteins in HFD-Fed

Hamsters. To further investigate the effects of NLE supplement
on the high level of plasma lipids induced by HFD, concentra-
tions of LDL-C and HDL-C were determined and compared. As
shown in Figure 3, HFD increased the concentrations of LDL-C,
HDL-C, and the ratio of LDL-C to HDL-C. The increase of
LDL-C,HDL-C, and the ratio was significantly decreased by 1%
and 2% NLE supplement, as well as by the silymarin and the
simvastatin treatments. Although both theLDL-C and theHDL-
C decreased, the ratio of LDL-C to HDL-C was significantly
decreased by the NLE supplement. These results suggested that
NLE supplement not only decreased the levels of LDL-C and
HDL-C but also decreased the ratio of LDL-C to HDL-C.
Similar results were also shown in the silymarin and the simvas-
tatin treatments (Figure 3).

Figure 2. Effects of NLE supplement on plasma triglycerides and total
cholesterol: (A) plasma triglyceride and (B) total cholesterol levels in
hamsters fed HFD, and HFD containing 1% NLE, 2% NLE, silymarin (S)
and simvastatin (Z); corresponding levels in hamsters fed normal diet (C)
were used as control. Data are shown as means ( SD; #, p < 0.05
compared with normal group; /, p < 0.05 compared with HFD group.

Table 1. Components of NLE

component of NLE percentage (%)

polyphenolic content 14.8

flavanone content 56

protein content 4.55

polysaccharide content 16.6

Figure 1. Body weights of hamsters fed different diets during the experi-
ment. Control, normal diet; HFD, high-fat diet; + 1% NLE, HFD containing
1% (w/w)NLE; + 2%NLE, HFD containing 2% (w/w)NLE; + silymarin, HFD
containing silymarin (1 mg/kg); +simvastatin, HFD containing simvastatin
(100 mg/kg). Data are shown as means ( SD.
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NLE Supplement Reduced Lipid Peroxidation in HFD-Fed

Hamsters. The effects of NLE supplement on lipid peroxidation
were examined by quantitation of TBARS in plasma. As shown
in Figure 4, HFD greatly increased the level of plasma TBARS
up to triple the control. Interestingly, both 1% and 2% NLE
supplement significantly reduced the level of TBARS induced
byHFD. Similar effects on a decrease ofTBARSwere also shown
by silymarin and simvastatin treatments. These results suggested

Figure 4. Effects of NLE supplement on plasma lipid peroxidation: TBARS
in plasma from hamsters fed HFD and HFD containing 1% NLE, 2% NLE,
silymarin (S), and simvastatin (Z). Corresponding levels in hamsters fed
normal diet (C) were used as control. Data are shown as means( SD; #,
p < 0.05 compared with normal group; /, p < 0.05 compared with HFD
group; //, p < 0.01 compared with HFD group.

Figure 5. Effects of NLE supplement on the levels of liver cholesterol
and liver triglyceride: (A) liver cholesterol and (B) liver triglyceride
in hamsters fed HFD and HFD containing 1% NLE, 2% NLE, silymarin
(S), and simvastatin (Z). Corresponding levels in hamsters fed normal
diet (C) were used as control. Data are shown as means ( SD;
#, p < 0.05 compared with normal group; /, p < 0.05 compared with
HFD group.

Figure 3. Effects of HFD without and with NLE supplement on plasma
lipoproteins: levels of (A) LDL-C and (B) HDL-C and (C) the ratio of LDL-C
to HDL-C in plasma of hamsters fed HFD and HFD containing 1%NLE, 2%
NLE, silymarin (S), and simvastatin (Z). Corresponding levels in hamsters
fed normal diet (C) were used as control. Data are shown as means( SD;
#, p < 0.05 compared with normal group; /, p < 0.05 compared with HFD
group.
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that the NLE supplement, as well as silymarin and simvastatin
treatments, may effectively reduce lipid peroxidation in HFD-fed
hamsters.

NLE Supplement Alleviated Liver Triglycerides and Cholesterol

inHFD-FedHamsters.HFDhas been demonstrated to lead to the
accumulation of cholesterol and triglycerides in liver. Therefore,
effects of NLE supplement on the liver cholesterol and triglycer-
ides were investigated. HFD increased levels of liver cholesterol
and triglycerides, but theNLE supplement significantly and dose-
dependently lowered the level of liver cholesterol and triglycerides
induced by HFD (Figure 5). Furthermore, the effect of 2%NLE
supplement on the decrease of liver cholesterol and triglycerides
was more significant than the effects of silymarin and simvastatin
treatments. These findings suggest that the NLE supplementmay
more effectively alleviate the increase of liver cholesterol and
triglycerides induced by HFD than the silymarin and the simvas-
tatin treatments.

NLE Supplement Showed Potential Hepatoprotective Functions

in HFD-Fed Hamsters. The NLE supplement played important
roles in decreasing plasma triglycerides and total cholesterol,
improvement of lipid peroxidation, and alleviation of liver
cholesterol and triglycerides, and it was suggested that NLE
supplement may alleviate liver damage in HFD-fed hamster. As
shown inFigure 6, HFD increased theAST andALT in plasma as

high as 1.63� and 1.66� to the control, respectively. However,
the 1% and 2% NLE supplements significantly decreased the
levels of plasma AST and ALT. Furthermore, the effect of NLE
supplement on the decrease of plasma AST and ALT was similar
to the effects of silymarin and simvastatin treatments. These
results showed that the NLE supplement presented a potential
hepatoprotective function alleviating liver damage, similar to the
silymarin and the simvastatin treatments.

NLE Supplement Negligibly Affected Blood Urea Nitrogen and

Creatinine in HFD-Fed Hamsters. To further investigate the
effects of HFD and NLE supplement on kidney function in
hamster, two common plasma markers for kidney disorder
(blood urea nitrogen and creatinine) were determined. As shown
in Figure 7, neither HFD nor HFD with NLE supplement
significantly influenced the levels of blood urea nitrogen and
creatinine. Similar results were obtained in HFD with silymarin
and with simvastatin treatments (Figure 7).

NLE Supplement Reduced the Accumulation of Lipids in Liver in

HFD-Fed Hamsters. Investigation for the effects of NLE supple-
ment on lipid accumulation in liver was performed by H&E
staining. As shown in Figure 8, the presence of numerous large
lipid vesicles that compressed and displaced the nucleus to the
periphery of hepatocytes was presented in the liver of HFD-fed
hamsters. Interestingly, NLE supplement significantly and dose-
dependently decreased the number of lipid vesicles increased by

Figure 6. Effects of NLE supplement on the activities of plasma AST and
ALT: (A) plasma AST and (B) plasma ALT in hamsters fed HFD and HFD
containing 1% NLE, 2% NLE, silymarin (S), and simvastatin (Z). Corres-
ponding levels in hamsters fed normal diet (C) were used as control. Data
are shown asmeans(SD; #, p < 0.05 compared with normal group; /, p <
0.01 compared with HFD group.

Figure 7. Effects of NLE supplement on blood urea nitrogen and plasma
creatinine: (A) blood urea nitrogen and (B) plasma creatinine in hamsters
fed HFD and HFD containing 1% NLE, 2% NLE, silymarin (S), and
simvastatin (Z). Corresponding levels in hamsters fed normal diet (C) were
used as control. Data are shown as means ( SD. No statistical
significances are shown between the experiments.
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HFD in liver. The number of lipid vesicles increased by HFD in
liver was also decreased by silymarin and simvastatin treatments.
Moreover, the H&E stain of liver in hamsters by the silymarin
and the simvastatin treatments showed a different morphological
pattern from the 1% or 2% NLE supplement. These results
indicate thatNLEmaydecrease the accumulationof lipids in liver
induced by HFD through a different mechanism from silymarin
and simvastatin.

DISCUSSION

The increase of cardiovascular diseases, insulin resistance,
and fatty liver has been reported to correlate closely to obesity
resulting from excess intake of energy (29-31). Therefore, alle-
viating excess energy intake and lowering blood lipids have
become urgent issues in modern life. NLE has been reported
to reduce body weight and to inhibit absorption of lipids
and carbohydrates in high-fat fed rats (6). The present study
found that the HFD feed led to an increase in body weight
of the hamsters, but the NLE supplement did not show in-
hibitory effects on the increase of body weight induced by
HFD. The inconsistent results may result from the different
extraction approach (alcoholic extract), the dose of NLE sup-
plement (5% w/w), the duration of high-fat feeding (5 weeks),
and the species (female ICR mice and male Wistar rats) that
were used in the previous study (6). Accordingly, effects of the

aqueous NLE on BW in high-fat fed animals will need further
investigation.

According to the results, the effects of 2%NLE supplement on
the decrease of TBARS, liver cholesterol, and liver triglycerides
are better than the effects of 1% NLE supplement. However,
2% NLE supplement shows almost the same effects as 1% NLE
supplement on the decrease of plasma triglycerides, plasma total
cholesterol, LDL-C, and ratio ofLDL-C toHDL-C.The findings
suggest that the dose of NLE supplement used in this study is
incompletely proportional to the effects on decreasing blood
lipids and liver functions. Nevertheless, the higher NLE supple-
ment shows significantly more effect on alleviating lipid accumu-
lation in the liver.

To further evaluate the effects of aqueous NLE on hepatopro-
tection and reduction of blood lipids, two well-known drugs are
used as standard reference in this study. Silymarin, a well-
characterized bioactive complex from Silybum marianum L.
Gaertn, is regarded as a hepatoprotective drug and used as
standard reference in this study. Among the well-defined compo-
nents in silymarin, the polyphenol silibinin, a flavolignane repre-
senting approximately 60% of silymarin, has been identified as
the major active moiety and has been proposed as an anti-
hepatotoxic agent for the treatment of various liver dis-
eases (32, 33). These positive effects have been ascribed to the
putative antioxidant, anti-inflammatory, and antiproliferative

Figure 8. H&E staining of liver tissue in hamsters fed control diet and HFD: Control, normal diet; HFD, HFD without NLE; 1%-NLE, HFD with 1% NLE; 2%-
NLE, HFD with 2% NLE; S, HFD with silymarin; Z, HFD with simvastatin. Hamsters in all groups were sacrificed after 10-week experiments. Liver tissues were
obtained immediately after sacrifice and stained with H&E.



Article J. Agric. Food Chem., Vol. 57, No. 13, 2009 5931

properties of silibinin based on the modulation of specific signal-
ing pathway, transcription factor, and gene expression (34, 35).
Recently, silymarin has also been revealed to possess the ability
to inhibit oxidation of LDL and to prevent the cardiotoxicity
and nephrotoxicity that were induced by a potent anticancer
agent, Adriamycin (36, 37). In this study, NLE supplement
showed similar effects on the alleviation of lipid peroxidation
and liver damage in HFD-fed animals as compared to sily-
marin treatment. Furthermore, the level of decrease in liver
cholesterol and liver triglycerides byNLE supplementwas greater
than by silymarin treatment. The findings suggest that NLE
may become a potent hepatoprotective pharmaceutical. Simvas-
tatin, a competitive inhibitor to 3-hydroxy-3-methylglutaryl-
coenzyme A reductase, is generally used in the treatment of
hyperlipidemia and hypercholesterolemia. Additionally, simvas-
tatin also presented antimicrobial effects (38) and inhibition
of iNOS-mediated NO production in endothelial cells (39). The
present study shows that the NLE supplement decreased
the blood lipids increased byHFD as significantly as simvastatin.
Interestingly, the increase of HDL-C by NLE supplement
is greater than with simvastatin treatment. Therefore, NLE
supplement should be beneficial to the control of hyperlipidemia
and hypercholesterolemia.

Antioxidant activity in botanical leaf extracts has been demon-
strated to play an important role in preventing the liver injury
induced by alcohol, acetaminophen, carbon tetrachloride, and
D-galactosamine. It is also reported that botanical leaf ex-
tracts may achieve hepatoprotective activity through restora-
tion of glutathione and increase of superoxide dismutase
activity (40-43). Most therapeutic mechanisms of N. nucifera
have been demonstrated as associating with the antioxidant
activity to scavenge various free radicals. In N. nucifera seed,
several important antioxidants have been identified and charac-
terized, for example, oligomeric procyanidins, nelumboroside
A, and nelumboroside B. These compounds revealed the ability
to significantly reduce the free radicals 2,20-diphenyl-1-picryl-
hydrazyl and authentic peroxynitrite, which are harmful to
cells (2, 44). Methanol extract of N. nucifera leaf also pre-
sents scavenging activities on free radicals and hydroxyl
radicals (22). There are few studies demonstrating thera-
peutic effects of polysaccharide, protein, and lipid in N. nucifera
extract. For this reason, we suggest that the antioxidants may
play an important role in alleviating lipid accumulation and
liver damage by HFD. However, the mechanisms of antioxi-
dant activity of the flavonoid-enriched N. nucifera leaf extract
for hepatoprotection and reduction of blood lipids will need
further investigation.

In conclusion, the present study using a high-fat-fed animal
model shows that the flavonoid-enriched NLE supplement sig-
nificantly decreases blood lipids, liver lipids, lipid peroxidation,
and the release of AST and ALT. Furthermore, the flavonoid-
enriched NLE supplement also reduces the LDL-C to HDL-C
ratio and lipid accumulation in the liver. These findings strongly
indicate that the flavonoid-enriched NLEmay provide novel and
potent cardiovascular and hepatocellular protection from HFD-
induced disorders.
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