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Abstract

The ancient Indian system of medicine supports the antiatherogenic properties of some herbs. The crosstalk amongst the genes
coding for LDLR, LXRα, PPARs (α,γ ), CD-36 and c-myc may be important in atherogenesis because these genes control lipid
metabolism, cytokine production and cellular activity within the arterial wall. Hence, we attempted for the first time to explore
whether or not the polyphenols extracted from medicinal herbs had any effect on the transcription of these genes. Normal human
mononuclear cells were cultured in the presence of polyphenols (and their HPLC purified sub-fractions) extracted from Green
tea (Camellia sinensis), Neem (Azadirachta indica) and Tulsi (Ocimum sanctum). Transcriptional expression of these genes
was measured by using RT-PCR and SCION IMAGE analysis software. These polyphenolic extracts were found to have the
inherent capacity to inhibit the transcriptional expression of genes having direct involvement in atherogenic process. On the
basis of these results, we propose for the first time that HPLC purified polyphenolic fraction IV of Tulsi may have a profound
antiatherogenic effect. (Mol Cell Biochem 278: 177–184, 2005)
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Introduction

Much of the recent research on the origin of atherosclerosis
has concentrated on the interplay between lipid metabolism,
cytokines/chemokines and cellular activity within arterial
wall [1]. Consequently, the genes coding for LDLR, LXRα,
CD36, PPARs (α,γ ) and c-myc were recognised to play a
crucial role in the interplay of these processes responsible
for atherogenesis. It is reasonable to assume that crosstalk
between such genes can define the genomics of atheroscle-
rosis. Recently, plant polyphenols have invited great interest
because of their antioxidant capacity as well as their pos-
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sible beneficial implications on human health, especially in
the treatment and prevention of cancer and cardiovascular
disease [2].

Polyphenols derived from Green tea (Camellia sinensis,
Theacea) have been widely shown to have antioxidant, an-
titumorigenic and antiatherogenic properties [3, 4]. On the
other hand, Neem (Azadirachta indica) and Tulsi (Ocimum
sanctum; also known as Holy basil) are considered per-
haps the most useful medicinal herbs in Indian system of
medicine (Ayurveda). However, no attempt has been made
so far to study the effect of polyphenols derived from
these herbs on the genesis of any human disease in general
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Fig. 1. Dose-dependent effect of green tea (GT)-polyphenols on the transcriptional expression of genes coding for PPARs (α, γ ), c-myc, LXRα, CD36 and
LDLR. (a) Representative agarose gel photographs showing ethidium bromide stained RT-PCR products. (b) The signal intensities of RT-PCR products were
measured using SCION IMAGE analysis software. Gene expression was determined by normalizing the band intensity of target mRNA to β2M band intensity.
Each point represents mean ± S.D. of the experiments done in triplicate.

Fig. 2. Fractionation profile of green tea (GT)-derived polyphenols on C18

column attached to HPLC system using KCl gradient (0–3 M).

and atherosclerosis in particular. Consequently, the present
study was undertaken to explore the effect of these herbal-
polyphenols on the transcriptional regulation of genes in-
volved in atherogenesis.

Fig. 3. Effect of peak fractions of green tea (GT)-polyphenols on the tran-
scriptional expression of gene coding for c-myc. (a) Representative agarose
gel photographs showing ethidium bromide stained RT-PCR products. (b)
Normalized gene expression obtained using SCION IMAGE analysis soft-
ware. Each bar represents mean ± S.D. of the experiments done in triplicate
(C: control, P I: peak I, P II: peak II).
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Fig. 4. Dose-dependent effect of Neem (N)-polyphenols on the transcriptional expression of genes coding for LXRα, CD36, LDLR, PPARs (α,γ ) and c-myc.
(a) Representative agarose gel photographs showing ethidium bromide stained RT-PCR products. (b) The signal intensities of RT-PCR products were measured
using SCION IMAGE analysis software. Gene expression was determined by normalizing the band intensity of target mRNA (LXRα, CD36, LDLR, PPARs
(α,γ ) and c-myc) to β2M band intensity. Each point represents mean ± S.D. of the experiments done in triplicate.

Materials and methods

Herbal polyphenol isolation

The polyphenols from the leaves of herbs (Green tea, Neem
and Tulsi) were isolated by using standard method [5]. Green
tea polyphenols (GTPs) were subjected to thin layer chro-
matography (TLC) and purity of the crude polyphenolic ex-
tract was assessed by TLC using standard epigallocatechin
gallate obtained from Sigma. Since considerably pure isola-
tion of GTP was obtained through this procedure, we pre-
sumed that the extracted polyphenols from Tulsi and Neem
were also pure although polyphenols from these herbs are
not commercially available so far. The isolated polyphenols
were further fractionated using 0–3 M KCl gradient on C18–
column attached to Waters HPLC system. The peak fractions
were collected and dialysed against normal saline and subse-
quently used for culture experiments.

Cell culture experiments

Mononuclear cells were isolated from normal human sub-
jects, having a normal serum lipid profile, who had fasted
for 12 h and abstained from any medication for 2 weeks
before blood donation, by employing Ficoll–Hypaque den-
sity gradient [6]. The cells were maintained in Dulbecco’s

modified Eagle’s medium (DMEM) supplemented with 10%
FCS, 2 mM L-glutamine, 20 mM sodium bicarbonate, 20 mM
HEPES and antibiotics at 37 ◦C in humidified 5% CO2 at-
mosphere. These cells were seeded at a density of 2 ×
104 cells/well in 24 well culture plates and subsequently
exposed to growth medium enriched with either Green
tea/Neem/Tulsi polyphenols (0–120 µg/ml; 0 = control) or
their peak fractions (obtained by HPLC) for 24 h at 37 ◦C in
5% CO2 atmosphere. At the end of this incubation period, the
cells from each well were processed for RNA isolation [7].

Transcriptional expression of genes

The isolated RNA, from each culture well, was subjected to
RT-PCR using specific primers for genes coding for LDLR,
LXR-α, PPARs (α,γ ), c-myc, CD-36 and β2 microglobulin
(β2M) [8–11]. The number of cycles used for RT-PCR of all
these genes were selected such that they were in the linear
phase of amplification. β2M amplification was used as a con-
trol for RNA loading and efficiency of reverse transcription.
The amplicons were resolved in 2% agarose gels containing
ethidium bromide. The stained bands were photographed and
intensities of bands were analysed using SCION IMAGE
analysis software. The level of mRNA expression of each
gene was calculated as the ratio of band intensity of the gene
to β2M band intensity. This intensity ratio of the target mRNA
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Fig. 5. Fractionation profile of Neem (N)-derived polyphenols on C18 col-
umn attached to HPLC system using KCl gradient (0–3 M).

to β2M mRNA was expressed as the percentage of that in the
control cells. Each experiment was repeated thrice and simi-
lar results were obtained.

Results

Exposure of human mononuclear cells to Green tea polyphe-
nols revealed a dose-dependent increase in the transcriptional
expression of genes coding for PPAR-α and LDLR. It was
accompanied by dose-dependent decrease in the expression
of genes coding for PPARγ , LXR-α and CD-36 (Fig. 1).

Further, c-myc gene transcription showed a biphasic effect
with an increase in the extracellular concentration of Green
tea polyphenols (Fig. 1). In order to explore further this bipha-
sic nature of c-myc, the Green tea derived polyphenols were
subjected to HPLC fractionation (Fig. 2). Exposure of cells
to these fractions revealed that peak II fraction had the in-
herent capacity to significantly down regulate c-myc gene
transcription as compared to either peak I fraction or control
(Fig. 3).

Fig. 6. Effect of peak fractions of Neem (N)-polyphenols on the transcrip-
tional expression of gene coding for CD36. (a) Representative agarose gel
photographs showing ethidium bromide stained RT-PCR products. (b) Nor-
malized gene expression obtained using SCION IMAGE analysis software.
Each bar represents mean ± S.D. of the experiments done in triplicate (C:
control, P I: peak I, P II: peak II, P III: peak III, P IV: peak IV).

Fig. 7. Effect of peak fractions of Neem (N)-polyphenols on the transcrip-
tional expression of gene coding for PPARγ . (a) Representative agarose gel
photographs showing ethidium bromide stained RT-PCR products. (b) Nor-
malized gene expression obtained using SCION IMAGE analysis software.
Each bar represents mean ± S.D. of the experiments done in triplicate (C:
control, P I: peak I, P II: peak II, P III: peak III, P IV: peak IV).

Exposure of human mononuclear cells to polyphenols de-
rived from Neem leaves revealed a biphasic effect on all
the genes studied, with an increase in the extracellular con-
centration of these polyphenols (Fig. 4). Fractionation of
Neem polyphenols revealed four peaks (Fig. 5). Exposure
of mononuclear cells to these peak fractions revealed that all



181

Fig. 8. Effect of peak fractions of Neem (N)-polyphenols on the transcrip-
tional expression of gene coding for PPARα. (a) Representative agarose gel
photographs showing ethidium bromide stained RT-PCR products. (b) Nor-
malized gene expression obtained using SCION IMAGE analysis software.
Each bar represents mean ± S.D. of the experiments done in triplicate (C:
control, P I: peak I, P II: peak II, P III: peak III, P IV: peak IV).

Fig. 9. Effect of peak fractions of Neem (N)-polyphenols on the transcrip-
tional expression of gene coding for LDLR. (a) Representative agarose gel
photographs showing ethidium bromide stained RT-PCR products. (b) Nor-
malized gene expression obtained using SCION IMAGE analysis software.
Each bar represents mean ± S.D. of the experiments done in triplicate (C:
control, P I: peak I, P II: peak II, P III: peak III, P IV: peak IV).

the four fractions had the ability to down regulate genes cod-
ing for CD-36, PPAR-γ and PPAR-α (Figs. 6–8) whereas no
significant effect was observed on LDLR gene transcription
(Fig. 9). Peak III polyphenols had the capacity to slightly in-
crease LXR-α gene transcription (Fig. 10) whereas peak IV
polyphenols had the capacity to significantly increase c-myc
gene transcription (Fig. 11).

Fig. 10. Effect of peak fractions of Neem (N)-polyphenols on the transcrip-
tional expression of gene coding for LXRα. (a) Representative agarose gel
photographs showing ethidium bromide stained RT-PCR products. (b) Nor-
malized gene expression obtained using SCION IMAGE analysis software.
Each bar represents mean ± S.D. of the experiments done in triplicate (C:
control, P I: peak I, P II: peak II, P III: peak III, P IV: peak IV).

Fig. 11. Effect of peak fractions of Neem (N)-polyphenols on the transcrip-
tional expression of gene coding for c-myc. (a) Representative agarose gel
photographs showing ethidium bromide stained RT-PCR products. (b) Nor-
malized gene expression obtained using SCION IMAGE analysis software.
Each bar represents mean ± S.D. of the experiments done in triplicate (C:
control, P I: peak I, P II: peak II, P III: peak III, P IV: peak IV).

Exposure of mononuclear cells to Tulsi-polyphenolic ex-
tract revealed a dose-dependent down regulation of genes
coding for LXR-α, CD-36 and LDLR at the transcriptional
level (Fig. 12). However, there was no significant effect
of polyphenolic extract on the transcriptional expression of
genes coding for either PPARs (α,γ ) or c-myc (Fig. 12).
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Fig. 12. Dose-dependent effect of Tulsi-polyphenols on the transcriptional expression of genes coding for LXRα, CD36, LDLR, PPARs (α,γ ) and c-myc. (a)
Representative agarose gel photographs showing ethidium bromide stained RT-PCR products. (b) The signal intensities of RT-PCR products were measured
using SCION IMAGE analysis software. Gene expression was determined by normalizing the band intensity of target mRNA to β2M band intensity. Each
point represents mean ± S.D. of the experiments done in triplicate.

Fig. 13. Fractionation profile of Tulsi-derived polyphenols on C18 column
attached to HPLC system using KCl gradient (0–3 M).

Further, fractionation of the polyphenolic extract from Tulsi
leaves by HPLC revealed four peaks (I–IV) depicted in
Fig. 13. Although peak fractions I–III had no significant ef-
fect on the expression of genes coding for LXR-α, CD-36,
LDLR, PPARs (α,γ ) and c-myc, the peak fraction IV totally
suppressed the transcriptional expression of genes coding for
CD-36 and LXR-α (Fig. 14). This phenomenon was accom-
panied by down regulatory effect on PPAR-γ gene coupled
with significant up regulation of PPAR-α gene transcription
(Fig. 14). However, peak fraction IV had no significant effect
either on LDLR or c-myc gene transcription with respect to
the control (Fig. 14).

Discussion

The formation of atherosclerotic lesion is mediated by lipid
laden macrophages (foam cells) which also establish chronic
inflammation associated with the progression of lesion [12].
Macrophages express a unique receptor CD-36 for uptake of
oxidised LDL (Ox-LDL) where as PPARs (α,γ ) and LXR-
α are expressed in endothelial cells, vascular smooth mus-
cle cells, T lymphocytes and monocytes/macrophages where
they regulate key target genes involved in vascular remod-
elling [13, 14]. Consequently, the crosstalk between CD-36,
LXR-α and PPARs is crucial for the regulation of atherogenic
inflammation. It is in this context that the results reported here
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Fig. 14. Effect of peak fraction IV of Tulsi-polyphenols on the transcriptional expression of genes coding for PPARs (α,γ ), LDLR, c-myc, CD36 and LXRα. (a)
Representative agarose gel photographs showing ethidium bromide stained RT-PCR products. (b) Normalized gene expression obtained using SCION IMAGE
analysis software. Each bar represents mean ± S.D. of the experiments done in triplicate.

assume importance because the transcriptional regulation of
these genes may have a phytotherapeutic implication.

PPARs (α,γ ) not only regulate genes coding for CD-
36, LXR-α and c-myc but also various genes that are re-
sponsible for the down regulation of proinflammatory cy-
tokines/chemokines, adhesive molecules and up regulation
of ABCA1 involved in cholesterol efflux, insulin sensitivity
and regulation of triglyceride and HDL levels [13]. Hence,
PPARs (α,γ ) have been recognized to play crucial role in
atherogenesis. It is interesting to note that polyphenols de-
rived from Green tea and Tulsi not only have the ability to
down regulate PPAR-γ , CD-36 and LXR-α but also could up
regulate the expression of PPAR-α at the transcriptional level
(Figs. 1, 12 and 14). These observations also reveal the known
interrelationship between CD36, LXR-α and PPAR-γ . Thus,
it is not unlikely that the suppression of PPAR-γ gene tran-
scription by these polyphenols may be responsible for the ob-
served down regulation of genes coding for CD-36 and LXR-
α. On the whole, it is apparent that apart from this effect of
polyphenols derived from either Green tea or Tulsi (especially
its fraction IV), these herbal polyphenols also affect LDLR
and c-myc gene transcription (Figs. 1, 3 and 12). Hence the
polyphenols derived from these two herbs may have cru-
cial phytotherapeutic potential in the treatment/prevention of
atherosclerotic process. However, the polyphenols derived
from Neem leaves may not be of much use in the treatment of
this disease. It is pertinent to note here that the transcription

factor Sp1 has been found to be a target for tea polyphe-
nols. The tea polyphenol, epigallocatechin gallate (EGCG)
has been shown to decrease the expression, DNA binding
activity and transactivation activity of Sp1 protein [15].

Based upon the data reported here we propose that fraction
IV of the polyphenolic extract from Tulsi leaves may have
a profound antiatherogenic effect than that seen in the case
of Green tea. However, more studies are required not only
to identify and characterize the polyphenols present in frac-
tion IV (of Tulsi polyphenolic extract) but also to study the
in vivo efficacy of this fraction in the prevention/regulation of
atherosclerotic lesions induced in experimental animal model
systems.
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