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Abstract: Isoflavones have been suggested to have hypolipidemic effects. As these compounds undergo complex metabo-

lism in the body, the biological actions of isoflavone metabolites are largely unknown. We studied the hypolipidemic ef-

fects of two isoflavone metabolites initially identified in the human urine, cis-tetrahydrodaidzein (NV-04) and trans-

tetrahydrodaidzein (NV-05) in apolipoprotein(E)-deficient mice fed with a high-fat diet. NV-04 and NV-05 were mixed in 

the food (200 mg per kg) and the treatment lasted for 16 weeks. NV-04 decreased plasma levels of LDL by 30%, triglyc-

erides by 65% and increased HDL/LDL ratio by 70%. These effects of NV-04 are specific since its stereoisomer NV-05 is 

less effective. Notably, the effects of NV-04 are observed in the absence of apolipoprotein(E), therefore our results sug-

gest that using cis-tetrahydrodaidzein as a complimentary medicine in hyperlipidemic patients with apolipoprotein(E) dys-

functions warrants further investigations. 
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INTRODUCTION 

Hyperlipidemia is a well-established risk factor for coro-
nary arterial disease (CAD). Correction of this pathophysi-
ological status is one of the most important clinical goals in 
the management of patients with CAD. Apart from pharma-
cological treatment, dietary intervention is the primary 
therapeutic approach for persons who are at increased risk of 
CAD as a result of elevated cholesterol levels. Epidemiol-
ogical data have suggested that ingestion of foods that are 
rich in soy protein is associated with reduced risk for CAD 
[1]. On the basis of such evidence, in 1999 the US Food and 
Drug Administration approved a health claim for the rela-
tionship between consumption of soy protein and reduced 
risk of coronary heart disease.  

Soy proteins contain high levels of isoflavones. Although 
some animal and human studies have provided evidence that 
the isoflavone components may contribute to the observed 
hypolipidemic effect of soy protein, it is still controversial 
whether purified isoflavones have equivalent efficacy in 
blood cholesterol lowering to intact soy proteins [2]. Most of 
previous studies in this direction have focused on naturally 
occurring isoflavone molecules. However, phenolic com-
pounds may undergo extensive metabolism after ingestion 
either by the gut microflora before their absorption into the 
intestinal mucosa or by cells of the intestine or liver after 
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absorption. The metabolism of polyphenols has a critical role 

in determining the overall bioavailability, and thus their bio-

logical effects, of each individual molecule. For example, the 

likely cardiovascular protective properties of red wine are 

thought to be attributable to the high content of procyanidins 

in the wine. However, animal studies demonstrated that na-

tive procyanidins were poorly absorbed by the intestine, 

whereas their microbial metabolites (low molecular weight 

phenolic acids) were readily detected in the urine, suggesting 

an extensive degradation of procyanidins by the gut micro-

flora before absorption [3]. Therefore, it is speculated that 

the observed effects of procyanidin ingestion are, at least 

partly, attributable to their metabolites. The biological ef-

fects of these phenolic metabolites remain largely unknown. 

Emerging evidence has shown that polyphenol metabolites 

may have higher biological activities than the primary com-

pounds. For example, the metabolites of rutin and quercetin, 

3,4-dihydroxyphenylacetic and 4-hydroxyphenylacetic acids 

have greater inhibitory effects on platelet aggregation than 

their parent compounds. In addition, there is evidence that 

equol, a metabolite of the isoflavone daidzein, has a higher 

affinity to estrogen receptors than daidzein itself (reviewed 

in [4]). These results indicate that exploration of the biologi-

cal activity of isoflavone metabolites may advance our un-

derstanding of the mechanisms of the proposed cardiovascu-
lar protective effects of isoflavones.  

Our previous studies have shown that two isoflavone me-
tabolites, dihydrodaidzein and dehydroequol, lowered total 
cholesterol and low density lipoprotein (LDL), but also low-
ered high density lipoprotein (HDL) in apolipoprotein(E)-



Isoflavone Metabolites and Hyperlipidemia The Open Complementary Medicine Journal, 2009, Volume 1    93 

deficient (apoE
0
) mice fed a high-fat diet [5]. As HDL is 

protective, an ideal isoflavone supplement is expected to 
lower the total cholesterol and LDL levels without compro-
mising the HDL level.  

Cis-tetrahydrodaidzein (NV-04) and trans-tetrahydro-
daidzein (NV-05) are other isoflavone metabolites that were 
initially identified in human urine [6, 7] (see Fig. 1 for their 
structures). In previous studies, it was shown that NV-04 
and/or NV-05 had multiple vascular protective effects, in-
cluding endothelium-dependent vasodilatation, inhibition of 
smooth muscle proliferation, and suppression of balloon in-
jury induced arterial neointima formation [8-10]. In the pre-
sent study we report that NV-04 improved the plasma lipo-
protein profile in an apolipoprotein(E)-independent manner 
in mice.  

MATERIALS AND METHODS 

Reagents 

The following reagents were used: ammonium chloride; 

L-glutamic dehydrogenase; -ketoglutarate; N-(1-naphthyl) 

ethylenediamine dihydrochloride; -nicotinamide adenine 

dinucleotide phosphate ( -NADPH); nitrate reductase; sulfa-

nilamide; 1,1,3,3-tetramethoxypropane; thiobarbituric acid. 

All of these reagents were from Sigma-Aldrich.  

Tetrahydrodaidzein isomers used in this study were syn-

thesized by sodium borohydride (NaBH4) reduction method 

as described previously [11] and were provided by Novogen 

Ltd (Sydney, Australia).  

Animals and Treatment Protocol  

This study is in compliance with the guidelines of Ani-

mal Experimentation Ethics Committee of the Howard 

Florey Institute and National Health and Medical Research 

Council of Australia. Male apoE
0
 mice (with greater than 

99% C57BL/6 background) were purchased from the Animal 

Resource Centre (Western Australia) when they were 4 - 5 

weeks old. Animals were randomly assigned to either a 

cholesterol (0.15%)-enriched high-fat diet with 42% of total 

energy being derived from milk fat (Harlan Teklad, Madi-

son, Wisconsin, USA) (control group), or the same high-fat 

diet supplemented with 200 mg per kg cis-tetrahydro-

daidzein (NV-04 group) or trans-tetrahydrodaidzein (NV-05 

group). Animals had free access to food and water.  

After 16 weeks of treatment, animals were anaesthetized 

with ketamine (100 mg kg
-1

) plus xylazine (12 mg kg
-1

, ip.), 

heparinized (3000 U kg
-1

, ip.) and killed by carotid bleeding. 

Blood samples were collected into chilled microcentrifuge 

tubes, hearts and testicles were removed into cold phosphate-
buffered saline (PBS).  

Plasma Lipid Measurement 

Blood samples were centrifuged at 15,000 g for 5 min. 
The plasma was removed into a new 1.5 ml vial, snap frozen 
in liquid nitrogen and stored at -80

o
C.  Plasma total choles-

terol, LDL cholesterol, HDL cholesterol and triglycerides 
were measured with a Synchron Cx Clinical System (Beck-
man) using reagent kits from Genzyme Co. (MA, USA) (for 
LDL) or Beckman Instruments Inc. (CA, USA) (for other 
lipids).  

Thiobarbituric Acid–Reactive Substances (TBARS) As-
say 

The total oxidative stress was assessed by measuring the 
lipid peroxidation product malondialdehyde in the plasma 
using a colorimetric method based on that described by 
Satoh [12]. TBARS reagent was prepared by mixing 1:1 of 
20% trichloroacetic acid with 1% thiobarbituric acid. Ali-
quots of 20 l plasma samples were diluted in 80 l distilled 
H2O. The sample was mixed with 400 l TBARS reagent, 
heated to 95

o
C for 20 min, and then cooled to room tempera-

ture. The colored reaction product was extracted with 500 l 
n-butanol by vigorous shaking for 20 min, and the organic 
phase was separated from the mixture by centrifugation at 
5000 g for 5 min. A volume of 300 l of the supernatant was 
loaded into a 96-well plate and the absorbance at 550 nm 
(A550) was determined with a microplate reader (Molecular 
Devices). Serial dilutions of 1,1,3,3-tetramethoxypropane 
[malonaldehyde bis(dimethyl acetal)] were used to construct 
the standard curve.   

Plasma Nitrite/Nitrate Measurement  

The total plasma nitrate plus nitrite concentration was de-
termined by Griess method [13]. Briefly, 25 l of plasma 
sample was diluted in 75 l PBS, deproteinized by centrifu-
gation at 12,000 g for 40 min at 4

o
C using Vivaspin500 filter 

units with a 10,000 Molecular Weight Cutoff (Vivascience 
AG). The samples were loaded into a 96-well plate. Nitrate 
in the sample was converted to nitrite by incubation of the 
sample with 0.2 mM -NADPH and 14 mU nitrate reductase 
in PBS in a total volume of 200 l at room temperature for 3 
hr. Then to each well, 50 l GDH reaction mix, containing 2 
mg ml

-1
 -ketoglutarate, 1.5 U ml

-1
 L-glutamic dehydro-

genase (GDH) and 0.3 M ammonium chloride in PBS, was 
added and incubated at 37

o
C for 30 min. After reaction, 50 

l of Griess reagent A (1% sulfanilamide) and 50 l reagent 
B [0.1% N-(1-naphthyl)ethylenediamine dihydrochloride] 
were added to each well and incubated at room temperature 

 

 

 

 

 

Fig. (1). Chemical structures of cis-tetrahydrodaidzein (NV-04) and trans-tetrahydrodaidzein (NV-05).  
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for 10 min in dark. The Griess reaction product concentra-
tion was determined by A550, with serial dilutions of sodium 
nitrate being used as standards.  

Data Analysis 

Data are presented as mean ± standard error (SE). The 
mean data are analysed with one-way analysis of variance 
(one-way ANOVA) followed by Newman-Keuls test (for 
multiple comparisons).  A value of P < 0.05 was regarded as 
statistically significant.  

RESULTS AND DISCUSSION  

Chronic treatment with NV04 or NV05 as dietary sup-

plementation for 16 weeks did not affect the growth rate of 

animals as demonstrated by the similar body weight in three 

groups (Table 1). To examine any possible estrogenic effect 

of these isoflavone metabolites on male reproductive organs, 

we also studied the testicle weight and the testicle to body 

weight ratio and found that these parameters were not af-

fected by NV04 or NV05 treatment (Table 1), suggesting 

that NV04 and NV05 did not produce observable hypertro-

phy/atrophy of post-puberty testicles. Moreover, we found 

that treatment with NV04 or NV05 had little effect on heart 
weight or the heart to body weight ratio (Table 1).  

In our previous study, we demonstrated that apoE
0
 mice 

fed with the high-fat diet developed severe hyperlipidemia as 
compared to control C57Bl/6 mice fed with normal chow, 
with about 10-fold increase in the total cholesterol and about 
4-fold increase in triglycerides [5].  ApoE is a constituent 
apolipoprotein in both chylomicrons and very low density 
lipoproteins (VLDL) and their remnant particles. ApoE binds 
to LDL receptor and LDL receptor-related protein (LRP) and 
mediates receptor-dependent clearance of atherogenic chy-
lomicron remnant and VLDL remnant particles in the liver 
[14]. Therefore, the hyperlipidemia in apoE

0
 mice is largely 

resulted from remnant lipoprotein accumulation. The present 
study has shown that treatment with NV04 and NV05 re-
duced the plasma LDL cholesterol level by 30% and 19% 
respectively (both P < 0.05), whereas the total and HDL cho-
lesterol levels were not changed (Table 2). The mecha-
nism(s) that mediates the LDL lowering effects of NV04 and 
NV05 is not clear. Borradaile and colleagues studied the 
effects of two primary soy isoflavones genistein and daidzein 
in a human hepatoma cell line (HepG2) in culture, and found 
that both compounds significantly increased LDL receptor 
expression accompanied by enhanced uptake and degrada-

tion of LDL in these cells [15]. A functional role of LDL 
receptor in lipoprotein metabolism in vivo in apoE

0
 mice has 

been evidenced by apoE/LDL receptor double knockout 
mice, in which both VLDL and LDL levels were found 
higher than those in apoE

0
 mice [16]. In agreement with this 

notion, Murayama et al. have shown that overexpression of 
LDL receptors in the liver significantly reduced VLDL, 
VLDL remnant and LDL cholesterol levels in apoE

0
 mice 

[17], indicating that upregulation of LDL receptor expression 
can improve lipoprotein metabolism in apoE

0
 mice. Taking 

the evidence together, we postulate that regulation of LDL 
receptor expression may contribute to the observed hypolipi-
demic effects of NV04 and NV05, although a decreased 
VLDL secretion from the liver induced by these compounds 
can not be ruled out [15]. It should be noted that VLDL rem-
nant metabolism in mice is different from that in human, for 
about 70% of the VLDL secreted from mouse liver contain 
apoB-48, but not apoB-100, whereas human liver only pro-
duces apoB-100 containing VLDL [18]. Since apoB-48 does 
not bind to LDL receptors, ie a large proportion of VLDL 
remnant in mice will not be affected by the LDL receptor 
availability, the potential effects of NV04 and NV05 on LDL 
cholesterol level in humans might be higher than those ob-
served in mice. On the other hand, how apoB-48 containing 
chylomicron and VLDL remnants are metabolized in apoE

0
 

mice is not clear.  

NV04 markedly decreased the plasma triglyceride level 

by 65% (P < 0.05), whereas the effect of NV05 is not sig-

nificant (Table 2). Compelling evidence indicates that 

plasma triglyceride is an important factor in the progression 

of coronary artery disease [19]. This triglyceride lowering 

effect of NV04 can be explained by enhanced clearance of 

triglyceride-rich VLDL and its remnant through LDL recep-

tors [17]. NV04 slightly increased the HDL level, although 

this effect is not significant. However, NV05 was totally 

void of such an effect. An interesting finding in this study is 

that NV04 remarkably elevated the HDL:LDL ratio by 72% 

as compared to the control group (P < 0.001), an effect that 
was not observed with NV05.  

The beneficial effects of NV04 on plasma lipids appear 

to be specific since these effects are not produced by its 

stereoisomer NV05, and this difference in efficacy between 

the two tetrahydrodaidzein isoforms may be implicated in 

the negative findings with NV05 on plasma lipids in human 

beings [20]. Moreover, the hypolipidemic effects of NV04 

are distinct from those observed in our previous study with 

Table 1. Body, Heart and Testicle Weight Characteristics of Animals from all Groups  

 Control NV04 NV05 

Body weight (g) 31.8 ± 0.8 (16) 30.3 ± 0.6 (16) 31.9 ± 0.7 (16) 

Heart weight (g) 0.14 ± 0.006 (16) 0.14 ± 0.003 (16) 0.14 ± 0.004 (16) 

Testicle weight (g) 0.18 ± 0.003 (15) 0.17 ± 0.004 (16) 0.17 ± 0.006 (16) 

Heart:body weight ratio (%) 0.45 ± 0.01 (16) 0.47 ± 0.01 (16) 0.45 ± 0.02 (16) 

Testicle:body weight ratio (%) 0.58 ± 0.02 (15) 0.57 ± 0.02 (16) 0.53 ± 0.02 (16) 

Data are presented as mean ± SE. Numbers in brackets are n.  
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other two isoflavone metabolites dihydrodaidzein and dehy-

droequol, which nonspecifically reduced total, HDL and 

nonHDL cholesterol levels [5]. Importantly, the effects of 

NV04 are observed in the absence of apolipoprotein(E), 

therefore our results suggest that NV04 might be used as a 

complimentary medicine in hyperlipidemic patients with 

apolipoprotein(E) dysfunctions. Given that this compound is 

endogenously generated during normal isoflavone metabo-

lism in the human body, it is likely that exogenous supple-
mentation of NV04 is tolerable and safe. 

Evidence has suggested that increased oxidative stress, 
particularly superoxide anion generation, and subsequent 
lipid peroxidation have critical roles in the development of 
atherosclerosis [21]. Excessive production of superoxide 
compromises endothelium-derived nitric oxide, which is a 
major endogenous protective molecule in the vasculature 
[22]. Our previous study showed that isoflavones have po-
tent superoxide scavenging activities [5]. Therefore, in this 
study we examined whether NV04 and NV05 have any ef-
fects on systemic oxidative stress as assessed by the TBARS 
assay, and nitric oxide production as assessed by the total 
plasma nitrate/nitrite. However, the plasma TBARS level, a 
marker of lipid peroxidation [12], was not affected by NV04 
or NV05 (Table 3). Likewise, the plasma levels of total ni-
trate/nitrite were not different amongst the three groups (Ta-
ble 3). These results suggest that NV04 and NV05 do not 
have major effects in modulating lipid peroxidation and pro-
tecting nitric oxide function in vivo as suggested by other 
studies [23].  

In summary, the isoflavone metabolite cis-tetrahydro-
daidzein effectively decreased plasma LDL cholesterol and 
triglyceride levels and increased the HDL/LDL ratio in an 
apolipoprotein(E)-independent manner in mouse. Our results 
suggest that using cis-tetrahydrodaidzein as a complimentary 
medicine in hyperlipidemic patients with apolipoprotein(E) 
dysfunctions warrants further investigations.  

LIST OF ABBREVIATIONS 

CAD = coronary arterial disease 

LDL = low density lipoprotein 

HDL = high density lipoprotein 

apoE
0
 = apolipoprotein(E)-deficient 

NV-04 = cis-tetrahydrodaidzein 

NV-05 = trans-tetrahydrodaidzein 

TBARS = thiobarbituric acid–reactive substances 

SE = standard error 

ANOVA = analysis of variance 

VLDL = very low density lipoproteins 
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