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. Trigonella foenum-graecum seeds
can ameliorate dyslipidemia, and

saponins may constitute one of the
most effective ingredients.

. Mechanism may be related to
accelerating cholesterol and bile acid
efflux and suppressing the expression
of SREBP-1 in the liver.

. Mechanisms of  dyslipidemia-
ameliorating effects of saponins from
Trigonella foenum-graecum seeds were
firstly explicated through accelerating
cholesterol metabolism and reverse
cholesterol transport and inhibiting
3-hydroxy-3-methylglutaryl coenzyme A
reductase in both serum and liver.
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Abstract

Background: Saponins identified from fenugreek (Trigonella
foenum-graecum) seeds are reported effective on dyslipidemia.
However, the definite mechanism is still not elucidated
systematically. In this study, we evaluate the effects of saponin
extract on cholesterol absorption, metabolism, synthesis, and
reverse cholesterol transport in vivo.

Methods: Saponin extract was prepared according to a craft
established in our previous study. After the establishment of
dyslipidemia model, 40 male Sprague-Dawley rats were divided
into five groups, namely the control group (normal diet plus
normal saline), HFD group (high fat diet plus normal saline),
Lipitor group (high fat diet plus Lipitor (2 mg/kg)), and L, M,
and H-saponin groups (high fat diet plus saponin in dosages of
6, 12, and 24 mg/kg, respectively). Rats were sacrificed at the
end of the 9th week after treatment. Biochemical characteristics
of rats were tested, histopathological sections of liver tissue
were observed, and the protein and mRNA expression of related
factors of cholesterol in the intestine and liver were determined.
One-way ANOVA test (SPSS software version 11.5, Chicago, IL,
USA) was used to determine statistically significant differences
between the HFD and other groups.

Results: In saponin groups, the serum lipid, bile acid efflux,
anti-peroxide activities, and lipid area of liver tissue improved.
Cholesterol ~ 7alpha-hydroxylase and scavenger receptor
class B type I elevated in the liver. 3-hydroxy-3-methylglutaryl
coenzyme A reductase levels were suppressed in both the serum
and liver. However, significant cholesterol efflux was not found
and Niemann-Pick C1-Like 1 levels elevated in the intestine.
Conclusion: The mechanisms of saponin in Fenugreek effect
on ameliorating dyslipidemia are probably related to accelerated
cholesterol metabolism, inhibited cholesterol synthesis, and
facilitated reverse cholesterol transport, but not cholesterol
absorption.
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Introduction

Trigonella foenum-graecum, also called fenugreek, has been
widely cultivated in the Mediterranean region and Asia for
manufacturing spices since ancient times.! Its crude extract
has been reported to prevent hepatotoxicity? and diabetic®#
successfully. To evaluate the effects of Trigonella foenum-graecum

577



Chen Z, Lei YL, Wang WP, Lei YY, Liu YH, Hei J, et al.

seeds (TFGs) on cardiovascular disease,
studies on the effect of TFGs on dyslipidemia
are still to proceed. Etsuko et al. reported TFGs
aqueous extract was effective in lowering serum
lipid in rats fed with high-fat-diet and accelerated
the cholesterol and bile acid efflux. Kumar et al.
found that after treating TFGs aqueous extract on
high-fat-diet rats, several antioxidant enzymes
were elevated and fatty acid synthetase was
stored at the normal level. They believe that
TFGs modulated dyslipidemia through inhibition
of impaired lipid digestion and absorption.®
Vijayakumar etal. analyzed lowered sterol
regulatory element-binding protein-1 (SREBP-1)
and elevated low-density lipoprotein (LDL)
receptor after treated with aqueous extract in
rats fed with high-fat-diet, inferred TFGs had a
potential effect on dyslipidemia due to inhibition
for lipid accumulation.” Taku etal. prepared
saponin fraction from TFGs and treated on rats
fed with high-fat-diet. They observed lowered
serum ftriglyceride (TG) level. Hence, they
proved that diosgenin was the main effective
saponin on inhibiting liver X receptor-alpha and
SREBP-1c levels in HepG2 cells.®

Saponin in TFGs is a promising candidate
for ameliorating dyslipidemia. However, most
relevant studies on dyslipidemia-modulating
activities of TFGs were using aqueous extract.
Specific studies about saponin fraction are still
required to illustrate its lipid-lowering activities.
On the other hand, the definite mechanisms
linking saponin to modulating dyslipidemia are
not fully understood yet.

In the present study, we prepared high
purity saponin extract from TFGs and designed
a systematic mechanism study in vivo. We
considered four aspects of the mechanisms
of dyslipidemia-modulating effects. Firstly,
cholesterol absorption from daily diet is mainly
depended on Niemann-Pick C1-Like 1 (NPC1L1)
and ATP-binding cassette  transporters
G5/G8 (ABCG5/G8) in the intestine. As a pair
of opposing gatekeeper, NPC1L1 and ABCG5/
ABCG8 control cholesterol intake and outflow
in the small intestine, respectively.® Secondly,
extrahepatic cholesterol returns to the liver
for excretion to the bile and ultimately to the
feces, which is known as the process of reverse
cholesterol transport (RCT). The RCT process
is mainly performed by two crucial cellular
factors, transporter (ATP-binding cassette
transporter member A1 (ABCA1) and receptor
(scavenger receptor class B typel (SR-BI)).
ABCA1 is abundantly expressed in both the
liver and peripheral macrophages among
other tissues.’®™ Cellular cholesterol and
phospholipids can be efflux and transformed
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into high-density lipoprotein (HDL), mediated by
ABCA1. Thus, HDL finally combines mainly with
SR-BI, a high specific receptor of HDL." Thirdly,
serum lipid is mainly from synthesis of cholesterol
and triglyceride in vivo are corresponding
to 3-hydroxy-3-methyl glutaryl coenzyme A
reductase (HMG-CoAR) and sterol regulatory
element-binding proteins-1c (SREBP-1c)
expressions, respectively.®'? Finally, cholesterol
is transformed into bile acid and efflux outside of
the body, which is also an important cholesterol-
eliminating way and the transformation is mainly
controlled by cholesterol 7alpha-hydroxylase
(CYP7A1).%3

With great appreciation of fundamental
contributions by other researchers, we further
extracted and purified saponin from TFGs,
investigated its dyslipidemia-modulating activities
in obese rats’ models, and systematically
illustrated their lipid-lowering mechanisms.

Materials and Methods

Extraction and Purification of Saponin from
TFGs

TFGs were provided by Bozhou-ShuZhong
Chinese herbal medicine industry Ltd., China.
Diosgenin was extracted and purified as reported
previously.™ All steps were completed at the
Key Lab of Hui Ethnic Medicine Modernization,
Ministry of Education (Ningxia, China). Briefly,
TFGs were extracted by 75% (v/v) ethanol with
material-liquid ratio of 1:12 (w/v) three times
(1.5, 1, and 0.5 hours, respectively) at 75 °C.
The liquid extract was then concentrated by
vacuum distillation and freeze-dried ground. The
powdered extract was then dealt with different
solvents systematically, including n-hexane,
chloroform, ethyl acetate, and n-buthanol.
Chloroform fraction was dried and further
purified through HPD-400 macroreticular resins.
The purity of saponin in the final dry product
was determined by ultraviolet spectroscopy and
reached 80.50%. Hence, the final product was
used in the present study.

Animals

The present study was conducted in
conformity with the PHS policy on Use of
Laboratory Animals and WMA Declaration of
Helsinki, as well as approval and authorization by
the Animal Ethical Committee of Ningxia Medical
University (Ningxia, China). Four-week-old male
Sprague-Dawley rats of specific pathogen-free
level were recruited from the Laboratory Animal
Center of Ningxia Medical University (License
number: SCXY (Ning) 2005-0001). All rats
were housed in a temperature-controlled room
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(2241 °C) with a 12-h light cycle (6 am to 6 pm)
and 12-h dark cycle (6 pm to 6 am) and kept
three per cage.

After 1-week adapting period, 40 male rats
were given high-fat-diet (HFD) as the model
group, and 8 other rats were given a normal
diet (ND) every day as the control group. Both
groups were fed with 18.5 g HFD or ND (D12451
and GB13078, respectively) (Beijing Keaoxieli
Ltd., China) on a daily basis. After 4 weeks, TC
and TG levels of blood from the eye fundus were
tested. Then, the model group was divided into
five subgroups and treated in different conditions
daily; the HFD group (HFD plus normal saline
(NS)), Lipitor group (HFD with 10 mg/kg Lipitor,
oral administration), and L-saponin, M-saponin,
and H-saponin groups (oral administration, HFD
with 6, 12, and 24 mg/kg saponin, respectively).
Initially, the groups were almost of identical
average weight and activity. The control group
started to be irrigated with normal saline. All rats
were further treated for 9 weeks and the dosages
of Lipitor or saponin was weekly adjusted
according to individual weight. In the 9th week,
feces of rats in each group were collected and
kept in -20 °C for further study. At the end of the
experiment, after fasting for 24 h, all rats were
anesthetized with chloral hydrate injection in
the abdomen cavity and sacrificed. Livers and
intestines were separated, immediately froze
by liquid nitrogen and kept in -70°C for further
measurement.

Morphological Observation

Food consumption was monitored every day.
The weight of all rats was determined every
7 days. Liver weights were measured as soon
as they were separated out and the liver index
was used as a morphological parameter.

Liver index=(liver weight/body weight)x100%

Blood Sample Assays

Blood from femoral artery was collected
and serum was separated by centrifugation for
15 minutes at 4,000 rom and stored at -20 °C.
Serum malondialdehyde (MDA), superoxide
dismutase (SOD), glutathione peroxidase
(GSH-PX), and HMG-COAR levels were
determined by each kit. All procedures were
performed according to the manufacturers’
instructions. TC, TG, LDL, HDL, glutamic-pyruvic
transaminase (ALT), and glutamic oxalacetic
transaminase (AST) levels were determined
at the Biochemistry Study Institution, Affiliated
Hospital of Ningxia Medical University (Ningxia,
China). Total cholesterol (TC), total glyceride
(TG), SOD, and MDA kits were from Nanjing
Jiancheng Bioengineering Research Institute,
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China. HMG-CoA reductase kit was procured
from Beijing Chenglin Biotechnology Ltd., China.
GSH-PX kit was obtained from Beijing Yonghui
Biotechnology Ltd., China.

Feces Assays

Before the end of treatment, feces in each
cage were collected for seven days. Cholesterol
and bile acid were extracted according to Carr’s
method."® Briefly, after lyophilization, 5 g feces
was added into 100 mL mixture of 66.7 mL
chloroform and 33.3 mL methanol, shook
thoroughly for 3 minutes and filtrated through
degreased filter paper. The filtrated mixture was
then mixed with 20 mL 0.05% sulfuric acid in a
separating funnel for 20 minutes and the lower
layer was collected. One-milliliter liquid in lower
layer was mixed with 1 mL 1% TritonX-100 and
then dried at 45°C. Total cholesterol (TC) and
total bile acid (TBA) levels were tested by each
kit (Nanjing Jiancheng Bioengineering Research
Institute, China). All procedures were performed
according to the manufacturer’s instructions.
The output of cholesterol and bile acid was
expressed as mmol cholesterol (or bile acid) per
gram feces.

Histopathological Assay

Hepatic lobule from fresh liver was taken
and fabricated into histopathological sections
through hematoxylin-eosin staining. It was then
observed by the Pathodology Department,
Affiliated Hospital of Ningxia Medical University
(Ningxia, China).

Western Blotting

About 50 pg frozen intestine was ground with
liquid nitrogen and the total protein was extracted
by a protein extracting kit (KeyGEN Whole Cell
Lysis Assay, KeyGEN BioTECH Ltd. China.)
according to the manufacturer’s description. The
supernatant was collected by centrifugation for
5 minutes at 10,000 rpm. After quantification
using a protein quantification kit (KeyGEN BCA
Protein Quantitation Assay, KeyGEN BioTECH
Ltd. China) according to the manufacturer’s
description, the protein of each group was diluted
into almost the same concentration (5 ug/ulL).
Total protein (~80 ug) from each specimen was
loaded onto 8% SDS-PAGE. After electrophoresis
at 80V~120V for 80 minutes, fractionated
proteins were transferred to pure nitrocellulose
blotting membrane (Pall Gelman Laboratory,
USA) at 200 mA for 2 hours. Membranes were
cut into strips and blocked by 5% skim milk
for 1 hour before incubating with Anti-ABCG8
antibody (sc-30111, Santa Cruz Ltd.), Anti-
NPC1L1 antibody (TA309769, Origene Ltd.),
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and mouse anti-beta actin antibody monoclonal
antibody (ZSGB-BIO Ltd.) at 4 °C overnight. The
strips were subjected to 10 minutes washing
3 times with PBS containing 0.05% Tween 20.
This procedure was followed by incubation with
peroxidase-conjugated affinipure goat anti-rabbit
IgG (H+L) or peroxidase-conjugated affinipure
goat anti-mouse IgG (H+L) (ZSGB-BIO Ltd.)
for 2 hours, and by 5 minutes washing 6 times.
The strips were immersed in Lu-Mino substrate
buffer and gently shaken. After exposure and
fixing, protein bands were semi-quantitatively
analyzed by the QuantityOne software.

Quantitative Real-Time RT-PCR

RNA was prepared from rats’ tissues
using a total RNA isolation kit (AxyPrep
Multisource Total RNA Miniprep Kit, Corning
Incorporated (Wujiang), China.) according to
the manufacturer’s instructions. Total RNA was
reverse transcribed using a total RNA reverse
transcription kit (One-Step gDNA Removal and
cDNA Synthesis SuperMix, Beijing TransGen
Biotech Co., Ltd., China). The cDNA was
used as a template for quantitative real-time
RT-PCR using Tip Green gqPCR SuperMix.
To select the optimal primer and annealing
temperature for each gene, three pairs of
primers were designed. Before gRT-PCR,
cDNA templates were dealt with amplification
in gradient temperature with each primer and
the optimal conditions were selected after
electrophoresis and were further validated by
analyzing amplification curve and melt curve.
The selected optimal primers are shown in
table 1. The relative mRNA expression of each
group versus HFD group is expressed with
228t gfter gRT-PCR.®

Statistics Analyses

All analyses were performed using the
SPSS software version 11.5 (SPSS, Chicago,
IL, USA). One-way ANOVA test was used to
determine statistically significant differences
between the HFD and other groups. P values
less than 0.05 were considered significant
and P values less than 0.01 were considered
extremely significant.

Establishment of Dyslipidemia Rat Model

After one-month HFD feeding, TC and TG in
serum were observed slightly and significantly
higher in the HFD group than the control group,
respectively (1.61, 0.69 mmol/L vs. 1.45,
0.46 mmol/L, P=0.490 and 0.023, data not
shown).

Biochemical Characteristics of Rats

Dyslipidemia rat model was divided into
different groups as described above. After
being sacrificed, the total body weight, gained
weight after treating, liver index, serum lipid
levels, ALT and AST levels, malondialdehyde
(MDA), superoxide dismutase (SOD),
glutathione peroxidase (GSH-PX) levels,
HMG-CoAR levels in serum, cholesterol (TC)
and total bile acid (TBA) levels in feces were
tested (table 2).

Histopathological Sections of the Liver Tissue

Figure 1 shows the histopathological
morphology of the liver tissue of each group
after stained with H&E. Restored lipid areas in
the liver tissue were observed in saponin groups
and showed a dose-dependent tendency.

Table 1: Designed primers of each gene for qRT-PCR. Optimized primers and annealing temperatures for each gene with

different product size

Gene Primer (5°-3°) Annealing temperature (C) Product size (bp)

HMG-CoAR Forward AGGTCATGGCTGAGGTGAAC 60 103
Reverse TCCATCTCTTGGCTGCTCTC

CYP7A1 Forward CTGGCTCAACTTCCAAGGAG 60 122
Reverse GTGCGATCTTCCCATTCAGT

SREBP-1c Forward TTTATCTGGGTAGGCGGATG 59 105
Reverse CAGAAGCCAGCAAACACTTG

ABCA1 Forward TCAGCCTACAGAGCCAGTGA 59 106
Reverse CCAAAGGAGCCCATAAATGA

ABCGS8 Forward CCTTCGTTTCCAGCCAGAC 60 100
Reverse CTTGTCCTCCATCATCACTGC

SR-BI Forward GGGAGTGCCATTTACTTGGA 60 118
Reverse CCTCCTTAGCTGTGCGGATA

B-actin Forward CCCATCTATGAGGGTTACGC 60 150
Reverse TTTAATGTCACGCACGATTTC
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Table 2: Biochemical characteristics of rats according to different groups. Data are reported as mean+SD of eight rats carried

out in duplicate

Groups Control HFD Lipitor L-saponin M-saponin H-saponin
Liver index 2.03%+0.06%* 2.18%+0.13% 2.06%+0.18%* 2.07%%0.09%  2.07%*0.09% 2.06%+0.07%*
Final weight (g)  450+43** 576+37 53277 568165 579156 581+68

Gained weight (g) 77+19* 113+28 9345 123432 128125 127158

TC (mmol/L) 1.449+0.071**  1.831+0.176 1.364+0.180**  1.506+0.150**  1.499+0.299** 1.528+0.171**
TG (mmol/L) 0.455+0.040**  0.755+0.240 0.576+0.192** 0.616+0.063* 0.573+0.155** 0.581+0.090**
LDL (mmol/L) 0.150+0.022**  0.288+0.055 0.186+0.039**  0.249+0.047 0.254+0.058 0.213+0.047**
HDL (mmol/L) 1.430+0.126**  0.934+0.300 1.159+0.103*  1.009+0.178 1.195+0.274** 1.186+0.108**
ALT (U/L) 35.525+4.362** 73.850+28.292 46.263+6.901** 54.088+14.198** 38.788+16.593** 36.063+8.772**
AST (U/L) 88.925+20.541 109.150+16.449 107.438+24.674 90.150+10.144 97.113+21.672 100.925+16.595
MDA (nmol/L) 1.600+0.289 2.50040.367 2.266+1.004 2.414+0.512 2.46040.301 2.400+1.065
SOD (U/L) 243.939+14.979* 222.479+11.844 232.619+17.457 230.798+23.572 247.445+27.572** 241.753+22.158*
GSH-PX (mmol/L) 20.111+0.008 20.080+0.073  20.110+0.005 20.020+0.135  20.114+0.007 20.093+0.046
HMG-COAR (U/L) 19.219+0.335 19.007+0.501  18.854+0.445 18.306+0.261** 17.628+0.540**  17.698+0.826™*
TCin 1.412+0.090* 1.206+0.042 0.993+0.117* 1.113+0.103 1.193+0.099 1.173+0.181
feces (umol/g)

TBAIn 2.380+0.338**  3.586+0.259 3.422+0.230 3.679+0.118 4.333+0.205** 5.253+0.096**

feces (umol/g)

P values are obtained from the independent sample t-test between two groups (HFD group and another

group). *P<0.05: Indicate significant difference from the HFD group; **P<0.01: Indicate extremely significant difference
from the HFD group; ALT: Glutamic-pyruvic transaminase; AST: Aspartate transaminase; GSH-PX: Glutathione
peroxidase; HFD: High-fat-diet; HMG-CoAR: 3-hydroxy-3-methyl glutaryl coenzyme A reductase; MDA: Malondialdehyde;

TBA: Total bile acid; TC: Total cholesterol; TG: Triglyceride
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Figure 1: Histopathological analysié imége of liver tissue sections observed thro gh optical microscope (H&E, 400x%). A: Control

group; B: HFD group; C: Lipitor group; D: L-saponin group; E: M-saponin group; F: H-saponin group

Protein and mRNA Expression of Related
Factors of Cholesterol

Figure 2 shows NPC1L1 and ABCGS8
protein expression in the intestine detected by
Western blot method as described. Figure 3
shows CYP7A1, ABCG8, NPC1L1, HMG-CoAR,
SREBP-1c, ABCA1, and SR-BI mRNA levels in
the liver determined by qRT-PCR.

Discussion

Saponin is the main effective ingredient from
fenugreek on modulating dyslipidemia.®'”:"® In this
article, we further confirmed the effectiveness of

Iran J Med Sci November 2017; Vol 42 No 6

fenugreek saponin on dyslipidemia and explored
possible mechanisms. Saponin was effective in
modulating serum lipid, although not apparently
influenced the weight in rats fed with HFD. There
was no significant difference in the food intake
and water intake during the experiment. Saponin
could not successfully decrease the abnormal
weight of rats fed with HFD, but it modulated
serum lipid levels by decreasing TC, TG, LDL
levels and elevated HDL levels (table 2).
Consistent with the present study, the extract
of TFGs is reported to decrease serum lipid in
diabetic rabbits,® patients,® and rats.?° Different
from other studies on water extract of trigonella

581



Chen Z, Lei YL, Wang WP, Lei YY, Liu YH, Hei J, et al.

e DG ED

e ) -5 D GO QGREER o
beta-actin - eGP ok

Groups control  HFD  Lipitor L-saponin M-saponin H-saponin

.
o
J

Il ABCG8
EEEINPCILY

>
o
1

o
o
1

w
o
1

»
o
1

[
o
1

o
!

=}
L

I
o
1

relative protein express of ABCG8 and NPC1L1
S
1

Control HFD Lipitor L-saponi

B Groups

Figure 2: ABCG8 and NPC1L1 protein expression in|
intestine. (2A) The protein bands of ABCG8, NPC1L1
and beta-actin. (2B) The data of the protein bands semi
quantitatively analyzed by QuantityOne. Data are reported
as meanxSD of six rats carried out in duplicate. P values are

obtained from the independent sample t-test between two
groups (HFD group and another group). *P<0.05: Indicate]
significant difference from the HFD group; **P<0.01: Indicate]
extremely significant difference from the HFD group; ABCGS8:
ATP-binding cassette transporter G8, NPC1L1: Niemann
Pick C1-Like 1

foenum-graecum seeds (e.g. Mohammadi et al.
and Kumar et al.?"?), the saponin extract made
by our craft influenced the body weight of rats
fed with high-fat-diet. Punna Ramulu et al.?*
found that the percent gain in body weight was
significantly lowered after treated with soluble
dietary fiber isolated from fenugreek seeds.
Perhaps, purified saponin ingredient that
contains very little soluble dietary fiber has little
impact on the weight gain of the rats in our study.
Considering lowered liver index in the saponin
groups, we presumed that saponin could also
restore liver tissue of rats fed with HFD.
Saponin also restored liver tissue and
elevated anti-peroxidation activities in vivo.
Rats of dyslipidemia were also benefited
from fanugreek saponin in two auxiliary
aspects; restored liver tissue and elevated
anti-peroxidation activities. Saponin lowered
abnormal serum ALT levels (table2) and
eliminated lipid areas in the liver tissue (figure 1)
of rats fed with HFD. This finding was consistent
with those by Parveen Kumar et al.® On the other
hand, accompanying dyslipidemia, peroxidation
probably induces atherosclerosis  which
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endangers the cardiovascular system.? Elevated
MDA level and lowered SOD level indicated that
HFD might aggravate dyslipidemia by inducing
peroxidation. Saponin treatment could obviously
elevate serum SOD levels in rats fed with HFD.
Restored SOD levels in serum can be found
after healing with saponin (table 2). This result
can also be supported by the study of Belguith-
Hadriche et al. that used ethyl acetate extract of
fenugreek?® and studies on diosgenin, the main
saponin in fenugreek.?%2

Saponin might not eliminate serum lipid
through reducing cholesterol absorption in
the intestine. Based on the above results,
mechanisms and pathways oflipid-lowering effect
were further studied. With respect to cholesterol
absorption and efflux, previous reports®?®
have shown that water extracts of TFGs could
accelerate the outputting of TC and TBA into
feces. In our study, saponin dose-dependently
increased TBA level but showed no obvious
influences on the TC level in feces (table 2). This
is possibly due to using saponin ingredient, but
not the whole water extract. Being a pair of gate-
keeper, which control cholesterol intake and
efflux of intestinal cells, NPC1L1 and ABCG8°®
were employed to explain the performance of TC
and TBA efflux. The Western blot results showed
saponin treatment induced higher NPC1LA1
protein express and no obvious change on
ABCGS8 (figure 2). This means that cholesterol
absorption in the intestine was facilitated without
influencing its excretion. Tang et al.?® reported
that the final excretion of cholesterol was strongly
correlated with the expression of NPC1L1 in the
intestine. In the present study, no change of
excretion of cholesterol was observed, although
the expression of NPC1L1 in the intestine was
elevated. Where did the absorbed cholesterol
go and why the excretion of total bile acid
increased? In this regard, we further studied the
effect of cholesterol metabolism.

Saponin probably accelerates TBA efflux
through facilitating cholesterol metabolism
involve with RCT. Considering the above
observation, we presumed that excess TBA in
feces correlated with cholesterol metabolism. To
confirm the up-regulatory activity of saponin for
cholesterol metabolism, we tested the CYP7A1,
ABCGS8, and NPC1L1 levels in the liver by qRT-
PCR. CYP7A1 is the rate-limiting enzyme in
the bile acid biosynthetic pathway in the liver
and thus controls cholesterol and bile acid
homeostasis. ABCG8 and NPC1L1 influence the
rate of cholesterol metabolism by accelerating
and inhibiting, respectively.®'® Under the dual
function of elevated NPC1L1 in the intestine
and CYP7A1 in the liver (figures 2 and 3A),
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both the cholesterol absorption and metabolism
were simultaneously facilitated. That explained
why TBA level in feces was obviously elevated,
whereas TC level had no significant change.

Besides, RCT can also facilitate cholesterol
metabolism and it is the most important way to
eliminate peripheral cholesterol.” This process
involves two main factors, namely ABCA1 and
SR-Bl. ABCA1 mRNA expression in the liver
was dose-dependently increased in saponin-
treated groups (figure 3B), which is probably the
main reason for elevated HDL level in the serum
of saponin groups (table 2). However, there
were no significant changes in SR-BI mRNA
expression. These results revealed that high-
dose saponin might partly facilitate RCT process
by escalating ABCA1 mRNA expression. As a
result, excess TBA levels in feces of rats treated
with saponin might mainly be a response to
cholesterol metabolism.

Diongenin could also inhibit cholesterol
synthesis in vivo. Saponin also contributes
to modulate serum lipid through inhibiting
cholesterol synthesis in vivo, but it might induce
excess triglyceride synthesis in high dosage.
The synthesis processes of cholesterol and
triglyceride, as the main sources of serum TC
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and TG, are characterized by HMG-CoAR and
SREBP-1c, respectively. HMG-CoAR activity in
serum (table 2) and mRNA expression in the
liver (figure 3C) were decreased for all saponin-
treated groups. This result is also supported by
a study focused on HMG-CoAR inhibiting effect
of diosgenin by Hao et al.*®* However, SREBP-1c
mRNA expression in the liver elevated when
high-dose saponin was ftreated (figure 3C).
This was in contrast to a similar study that fed
KK-Ay mice with the crude extract of TFGs and
treated HepG2 cells with diogenin.? Perhaps
such discrepancy is due to different ingredients
used. Hence, fenugreek saponin can suppress
cholesterol synthesis, but it might accelerate
the synthesis of triglyceride under high-dose
treatment.

Conclusion

For the first time, the present study demonstrates
that saponin from TFGs can effectively
accelerate cholesterol metabolism and RCT
process, meanwhile inhibit cholesterol synthesis.
This multi-pathway action of fanugreek saponin
on ameliorating dyslipidemia is preferable in
preventing cardiovascular disease effectively.
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