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Abstract

This study was aimed to evaluate the effects of saponins rich Radix Astragali and Radix
Notoginseng (ANS) on adiponectin mRNA and its downstream signaling proteins in 3T3-L1
adipocytes as well as their effects on glucose and fat metabolism in rat, and obese subjects. 3T3-
L1 adipocytes were used to determine the levels of adiponectin mRNA and protein expression of
AMPK, p-AMPK, pACC, and GLUT4. In the animal studies, 16 rats were orally administered
with either placebo or ANS (0.1 mg/kg; orally). A clinical trial was conducted on healthy obese
subjects, who were divided into placebo and ANS groups and consumed either placebo or ANS (5
capsules/day). ANS increased adiponectin mRNA by 103% and 248% in normal and palmitate-
induced (IR) 3T3-L1 adipocytes and the protein expressions of AMPK, p-AMPK, pACC, and
GLUT 4, and glucose uptake were significantly improved (p<0.01). ANS treated rats showed a
significant decrease (p<0.05) in the levels of blood glucose (11%) and serum insulin (38%) than
control rats. In the human trial, ANS increased adiponectin levels by 29.51% and reduced body
weight, BMI, body fat, TG, and LDL-c in ANS treated subjects compared to the placebo group.
Overall, ANS could up-regulate adiponectin mRNA, AMPK, pAMPK, pACC, and GLUT4 in
adipocytes as well as improve glucose regulation and fatty acid oxidation in adipocytes, rats, and
healthy obese human subjects. Thus effective in mitigating glucose and fatty acid dysfunction

and its related metabolic syndrome.
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Introduction

Impaired glucose and fatty acid metabolic functions
(obesity) have been implicated in various metabolic
syndrome including diabetes mellitus, obesity, and
cardiovascular diseases [1]. Adipose tissue is responsible
for the secretion of various adipokines and peptide
hormones that directly or indirectly regulate fatty acid
oxidation and glucose regulation [2]. Adiponectin is a fat
hormone secreted by adipocytes as well as osteoblasts,
myocytes, and epithelial cells. Adiponectin levels are
significantly lowered in obese subjects [3,4]. Many
researchers have demonstrated that adiponectin deficiency
would result in glucose and fatty acid dysfunction [5,6].
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Hence, many scientists started to focus on adiponectin as
it could be a promising agent to ameliorate obesity and
its related underlying complications through regulating
glucose and fat metabolism.

In recent times, people are showing immense interest
in traditional and complementary medicine especially
Traditional Chinese Medicine (TCM), to deal with various
metabolic syndromes [7]. Radix Astragali (Huangqi) or
Astragalus membranaceus roots have been traditionally
used for treating various ailments, especially hepatic
and spleen disorders, as well as immune functions
[8]. Studies have revealed that the presence of various
major phytocomponents like triterpenoid saponins
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(isoastragalosides, astragalosides I-1V), flavonoids, and
polysaccharides might be the reason for various biological
functions [9,10]. Radix Notoginseng (Tianqi) or Panax
Notoginseng is one of the most widely used TCM and
has been traditionally used to cure trauma, pain, and
internal bleeding and injury [11]. Panax Notoginseng
contains an array of active phytocomponents including
saponins (ginsenoside-Rb1, Rgl, Rd, Re, Rc), flavonoids
(quercetin, kaempferol), sterols, saccharides (sucrose,
sanchinan A) [12].

Both Radix Astragali and Radix Notoginseng have
common active ingredients like saponins, flavonoids,
which are responsible for most of their biological
functions. Many TCM practitioners use this combinational
TCM for treating various complications like type 2 DM,
kidney disorders, and immune disorders [13-15]. Previous
studies have indicated that both Radix Astragali and Radix
Notoginseng separately could effectively increase the
production of adiponectin and suppress the progression
of obesity and its related complications via regulating
glucose and fat metabolism [16-20]. However, to the best
of our knowledge, this is the first study that attempts to
evaluate the effect of a specific mixture of saponins from
Radix Astragali and Radix Notoginseng on adiponectin
mRNA and adiponectin-mediated signaling proteins and
their effects in 3T3-L1 adipocytes as well as the glucose
and fat indices in rat and healthy obese subjects.

Materials and Methods
Samples and chemicals

ANS samples were provided by NuLiv Science USA
Inc (Brea, CA, USA). ANS consists of 50 mg of an
equal mixture of Radix Astragali (10:1 hydroethanolic
extract) and Radix Notoginseng (50:1 aqueous extract)
rich in saponins (>2.5%; astragalosides and ginsenosides
especially Rg ) that were conferred by HPLC analysis as
indicated previously by our co-team [21].

Cell line

3T3-L1 pre-adipocytes cell line was purchased from
America Type Culture Collection (ATCC; VA, USA) and
were cultured with Dulbecco’s Modified Eagle’s Medium
(DMEM) supplemented with 100 IU/ml penicillin,
streptomycin, 1% non-essential amino acids, 10% Fetal
Bovine Serum (FBS) were bought from Hyclone (UT,
USA) and maintained in 5% CO, at 37°C. When cells
were confluent, differentiation of 3T3-L1Cells was carried
out by the addition of differentiation inducers [0.5 mM
isobutyl-methylxanthine, 0.24 mM dexamethasone, 10 pg
insulin, 10% FBS with DMEM] for 48 h. 3T3-L1 cells
were allowed to differentiate further by adding FBS,
insulin and the medium was changed every 2 days until
adipocytes formation. More than 90% of the adipocyte
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cells expressed the adipocyte phenotype between 8 and 10
days after the initiation of differentiation and were used for
the experiments. Those mature adipocytes were monitored
by morphological assessment and Oil red O staining. ANS
(0.01 pg/mL) extract was dissolved in DMSO and the
DMSO alone treated cells act as the control.

Palmitate-induced Insulin Resistance (IR) cell model:
Fully differentiated 3T3-L1 adipocytes were treated
with serum-free DMEM along with 0.1% Bovine Serum
Albumin (BSA) and 500 uM of palmitate (palmitic acid
by dissolving in ethanol). Control cells were treated only
with Di-Methyl Sulf Oxide (DMSO).

Quantification of adiponectin mRNA by qPCR: Real-
time quantitative PCR (q-PCR) was used to quantify the
gene expression of adiponectin in 3T3-L1 cells treated
with ANS. The differentiated 3T3-L1 cells were harvested
after incubating with DMSO (normal) and palmitate
(insulin resistant) and followed by treatment with placebo
and ANS. The total RNA was extracted using TRIzol
reagent (Invitrogen, CA, USA) based on the manufacturer
protocol. Extracted RNA was reverse transcribed to cDNA
using reverse transcription PCR master kit (Applied Bio
systems, MA, USA) with primers of adiponectin (Forward-
5'AGAGAAGGGAGAAAGGAGATGC 3' and Reverse
5'TGAGCGATACACAT-AAGCGGC 3') at different
conditions for denaturation, annealing, and extension. The
final cDNA was detected using CFX g-PCR fluorogenic
detection system (Bio-Rad, CA, USA) coupled with
an SYBR green RT-PCR mixture kit. Two independent
triplicate experiments were carried out for adiponectin and
the threshold cycle (Ct) values were averaged (mean). The
total mRNA expression of adiponectin and each group was
normalized to GADPH expression yielding the ACt value.

Glucose absorption: Glucose uptakein 3T3-L1 adipocytes
was examined by the addition of 2-[1-14C] deoxy-D-
glucose as mentioned previously by Shao-Ling and others
[22]. In short, 3T3-L1 cells (1 x 105 cells-serum starved)
were washed with Krebs-Ringer Phosphate (KRP) buffer
and followed by the addition of placebo/control or ANS and
again washed with KRP buffered solution and followed by
addition of 100 nM insulin for 30 min and 5 mM of 2-[1-
14C] deoxy-D-glucose was added and incubated at 37°C
for 10 min. Cells were again washed with PBS solution
and lysed using an SDS solution (2%) and filtered. Then
the protein content of cell lysate was determined using the
BCA protein assay kit and then the intracellular uptake of
glucose was quantified (radioactivity) by using a liquid
scintillation counter (Top Count, Packard Bio Sciences,
CT, USA).

Western blot for quantification of adiponectin
downstream signaling molecules: 3T3-L1 cell line was
treated with ANS or placebo and lysed (lytic buffer) and
the subcellular mixture was extracted using Proteome
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Extract Subcellular Proteome Extraction Kit (Calbiochem,
Millipore; CA, USA). The protein levels of subcellular
fractions were estimated using the BCA protein assay Kkit.
A protein sample of equal concentration (40 ug) of cells
treated with either placebo and/or ANS and separated
using SDS-PAGE electrophoresis and probed (electro-
transferred) onto a PVDF membrane. Then the membrane
was incubated with different primary antibodies of
AMP-activated protein kinase (AMPK), phosphorylated-
Acetyl Co-A Carboxylase (pACC), pAMPK, Glucose
transporter type-4 (GLUT4) (Cell signaling, MA, USA),
and o-tubulin (house-keeping with different dilution rate
1:1000) for overnight at 4°C. Then followed by secondary
HRP-conjugated antibodies (Abcam, Cambridge, UK).
Finally, the protein signal was visualized with the help
of a chemiluminescence ECL kit (Pierce, Thermofisher,
USA) and the protein expressions were picture (by digital
camera-Nikon) were captured and quantified using ImageJ
analyzing Software from NIH (MD, USA).

Animal study

Experimental rats and grouping (Ethical approval):
In total, 16 healthy eight-week-old male Sprague-Dawley
rats weighing 180 = 10 g were procured from the National
Animal Laboratory of NSC (Taipei, Taiwan). All the rats
were maintained in ambient laboratory conditions (22-
24°C; 55-65 moisture) and housed in a cage with full
access to water and rat feed (ad libitum) in a 12 h light/
dark cycle. All the animal procedures used in this study
were approved by the Ethical Clearance Board (ECB) at
Chung Shan Medical University (CSMU-124/2020) and
performed under the NIH guide for the care and handling
of animals.

Oral Glucose Tolerance Tests (OGTT): The baseline
blood sample analysis on blood sugar level indicated no
statistical difference between placebo and ANS groups
on day 0. Rats in the treatment group received 0.1 mg/kg
ANS (n=8) 12 h before OGTT. A bolus of glucose (50%
v/w, 1 g/kg) was orally administered. Blood samples were
collected from the tail at -40, 0 (fasting value), 30, 60,
and 90 min before and after the glucose administration. A
Lifescan glucose analyzer (Los Angeles, CA, USA) was
utilized for glucose concentration determination.

Insulin assay: The baseline blood sample analysis on
insulin level indicated no statistical difference between
the placebo and ANS (treatment) groups on day 0. The
rats in the treatment group received 0.1 mg/kg ANS 12
h before the insulin sensitivity test. A bolus of glucose
(50% v/w, 1 g/kg) was orally administered to the rats in
both the placebo and the treatment groups. Blood samples
were collected from the rats’ tails at -40, 0 (fasting
value), 30, 60, and 90 min before and after the glucose
administration. Insulin levels were determined on an
ELISA analyzer (TecanGenios, Salzburg, Australia) with
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the use of commercially available ELISA kits (Diagnostic
Systems Laboratories, Inc., Webster, TX, USA), by the
manufacturer’s instructions.

Sample collection: All the rats were euthanized with ether
and blood samples were collected and serum samples
were collected by centrifuging at 12000 x g for 15 min
and the pale-yellow serum upper layer was collected.
Serum glucose was determined in rats using a rat-specific
Glucose ELISA kit from My Bio Source (CA, USA).
While, serum insulin levels were determined using a
commercial ELISA insulin kit purchased from Diagnostic
System Laboratories, Inc (TX, USA) based on suppliers’
protocol.

Clinical trial

Study design: For the randomized, placebo-controlled,
double-blind, crossover clinical trial, a total of 44 healthy
obese subjects aged between 20 and 60 were recruited via
newspaper advertisements and flyers. Of the recruits, only
38 subjects were enrolled into this trial based on various
inclusion criteria (aged 20 and above who volunteered to
participate in the trial with body mass index (BMI) = 27 or
body fat = 30% without any major health complications)
and exclusion criteria (subjects with cardiovascular
disease, liver disease, cancer, uncontrolled diabetes
mellitus, chain/heavy smokers or pregnant or lactating
women and/or with BMI>35). This trial was conducted
at Chung Shan Medical University Hospital (Taichung,
Taiwan) by following the guidelines in the Declaration of
Helsinki (1990) and with the approval of the Institutional
Review Board of Chung Shan Medical University Hospital
(Protocol No. CS16098). Moreover, this trial has been
registered on ClinicalTrials.gov (NCT03654391). Before
the study, subjects were asked to provide the necessary
information and sign an informed consent form.

Experimental grouping and sample collection: The
recruited 38 subjects were equally separated into 2 groups
(placebo and ANS). The two groups went through a 12-
week phase [ and a 12-week phase II study, separated by a
4-week washout period. Each participant took 5 capsules
per day of either ANS or placebo (50 mg ANS in each
capsule; 2 capsules before breakfast and 3 before dinner)
for 12 weeks. Participants were asked to maintain their
normal lifestyle and dietary habits (no caloric restrictions).
Out of the 38 subjects, 21 subjects completed the trial with
17 subjects withdrew due to personal and other health
issues. Blood samples were collected at baseline (0 weeks),
6n, 121, 16, 22%, and 28" weeks in fasted subjects, and
various biochemical parameters including lipid profile and
adiponectin were measured using acommercial kit (Abcam,
Cambridge, UK). Anthropometric parameters like body
weight, body mass index (BMI), waist circumference,
and body fat level were also measured using a body fat
analyzer (Karada Scan 371, OMRON, Japan).
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Statistical analysis: All the cell line studies are repeated
as triplicate (n=3) to get a concordance and are expressed
as mean * standard deviation (SD). Whereas, in animal
studies, all the values for each group were expressed as
mean + SD (n=8). All the experimental groups are inter-
compared by One-way ANOVA and followed by Student’s
t-test using SPSS software (IBM, USA). Similarly, for the
clinical trial, the difference between the placebo and ANS
groups at a different time interval (6™ or 12"wecks) was
determined by Student’s t-test using SPSS software (IBM,
USA). A P-value of less than 0.05 is deemed statistically
significant.

Results
In-vitro (Cell line), with adipocytes study

As indicated, the mRNA expression levels of adiponectin
were considerably escalated (p<0.05) in the normal
(103%) and IR (palmitate)+ANS group (248%). The
3T3L1 adipocyte cells treated with ANS showed a notable
increase (p<0.05) in glucose uptake (68%) than DMSO-
treated control cells. Meanwhile, 373L1 cells co-cultured
with ANS displayed a significant up regulation (p<0.05) in
the protein expressions of pAMPK, pACC, and GLUT 4
compared to control (Figures 1-3).

Animal study
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The impact of placebo and ANS on blood glucose (OGTT-
glucose tolerance) and serum insulin. Rats treated with
ANS showed a significant reduction in blood glucose
(11% AUC) and serum insulin (38% AUC), compared to
placebo-treated rats (p<0.05). The above data indicate that
ANS could significantly enhance glucose uptake and thus
exemplify its ability to lower glucose intolerance (Figure
4).

Clinical trial

The flowchart of the present clinical trial is exemplified
in Figure 5. After 12 weeks of oral supplementation with
ANS, subjects in the ANS treated group considerably
reduced (p<0.05) their body weight, body fat, and BMI
compared to the placebo group (Figure 6). Similarly, the
levels of triglyceride (TG) and low-density lipoprotein
cholesterol (LDL-c) were significantly reduced (p<0.05)
in subjects treated with ANS. No changes were observed
in the case of total cholesterol (TC) or high-density
lipoprotein cholesterol (HDL-c) (Table 1). Moreover,
ANS supplemented obese subjects showed elevated levels
of adiponectin (29.51%) as compared with the placebo
group. Additionally, the calorie intake of all subjects
was measured but did not show any significant changes
(Figures 4-7).
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Figure 1. Shows the mRNA expression levels of adiponectin in 3T3L1 adipocytes. Data for each group were expressed as
mean + SD. Probability value (p value): *P<0.05, **P<0.01 (ANS vs. placebo comparison,).
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Figure 2. Shows the glucose uptake in 3T3L1 adipocytes. Data for each group were expressed as
mean + SD. Probability value (p-value): *P<0.05, **P<0.01 (ANS vs. placebo comparison,).
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Figure 3. Shows the proteins expression levels of pAMPK (A), pACC (B), and GLUT 4 (C) in 3T3L1 adipocytes. Data for
each group were expressed as mean = SD. Probability value (p value): *P<0.05, **P<0.01 (ANS vs. placebo comparison).
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Figure 4. Shows the levels of blood glucose and serum insulin in experimental rats. Data for each group were expressed as
mean £ SD. Probability value (p value): ¥*P<0.05, **P<0.01 (ANS vs. placebo comparison,).

Assrreed for eligibility (ne44)

i
?

Eackoded (e8]

(et mesting nclusion criseria in= 4}

" Diecined 1o partcpate 2=2)
Clomer seanons (n=0)

1

Aillocation

Allpcated i Growp A [n=13)
[DFteceived allcated inbenvention (n=15)
(% nect reaive allacaled inleremtion

Allzzated 1o Group B jn=15]

DOReceived alccaied inlervestion (r=1J)

(06 mut pcaivn alocated inbenvantion

!

[-%

=1

% Lost b2 fellow-ugp (n=1)

£ Discentinued intervention (ne5)

l "

i Analysed jn=10]
[Exchuded rom analysis (3}

Figure 5. The flowchart of the current clinical trial.

!

Lest o dallowe-1ap (n=1}
Discorsinged istervertion Ined

Anasbyzed [nel1)
[] Exchodid from analysis (=3

J Biochem Biotech 2021 Volume 4 Issue 5



Citation: Huang SC, Liu SC, Lin CP, et al. Radix Astragali and Notoginseng saponins improve glucose and fatty acid metabolism through
upregulated adiponectin and its downstream signaling pathway. J Biochem Biotech. 2021;4(5): 1-8

(A) (8)

©

P05
62 *P<0s 04 ‘P05 ~ 05 | |
< M e % o ] reans g°
£ ] S . | =
? 20 I -
30 m* III- EOJJ-— _[I'_ 'g
> ) | | . @ g5
]
IE-I- 02
-1
2 4 ' ' bweeks  12week
sweeks  12weeks fweeks  12weeks wee WeBks

Figure 6. Shows the changes in the levels of body weight (4), BMI (B) and body fat (C) in obese subjects. Data for each group
were expressed as mean = SD. Probability value (p value): *P<0.05, **P<0.01 (ANS vs. placebo comparison).
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Figure 7. Shows the changes in the levels of adiponectin in obese subjects. Data for each group were expressed as mean + SD.
Probability value (p value): ¥*P<0.05, **P<0.01 (ANS vs. placebo comparison,).
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Table 1. Shows the effect of ANS on lipid profile in obese subjects.
Parameters Groups Baseline
ANS 185.76 £ 36.37
Cholesterol (mg/d) b}, cebo 190.90 + 35.55
. . ANS 109.76 + 53.06
Triglyceride mg/d) by cebo 121.90 + 71.60
ANS 117.75 £30.49
LDL-c (mg/dD Placebo 112.32 +27.70
ANS 50.43 +£13.77
HDL-c (mg/dh Placebo 50.40 + 14.03

188.95 £ 42.65
191.33 +£42.30
111.10 £ 64.43
108.33 + 56.59
116.71 £34.61

183.95+41.16
183.57 +34.77
98.96 + 55.80*
117.57 £76.96
107.76 + 26.84*

114.02 + 36.85 109.16 + 33.73
48.95+£12.58 50.17 £ 14.18
49.65 + 14.43 51.90 £ 17.26

Data for each group were expressed as mean + SD. Probability value (p value): ¥*P<0.05, **¥P<0.01 (ANS vs. placebo comparison).
LDL-c: Low Density Lipoprotein cholesterol; HDL-c: High Density Lipoprotein cholesterol.

Discussion

An ample number of studies indicated that suppressed
production of adiponectin is associated with impaired
glucose regulation and fatty acid oxidation [2-4].
Since adiponectin could regulate the cellular energy
metabolism in cells through modulating the AMPK
signaling pathway. Elevated adiponectin results in
increased AMPK phosphorylation (pAMPK), which in
turn modulates ACC (via phosphorylation-pACC) and
promotes fatty acid oxidation. Furthermore, AMPK
also enhances glucose transporter GLUT4 regulation
in adipose tissue and contributes to increased glucose
uptake and lower insulin resistance [23,24]. The above
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statement clarified the importance of adiponectin and
fat and glucose metabolism. If any drug or agent which
positively modulates adiponectin, it would alter fat and
glucose metabolism and thereby be used for ameliorating
fat and glucose dysfunction or disorders including obesity
and DM. Previous studies have reported that saponins
from plants could upregulate adiponectin production [17-
24]. Both Radix Astragali and Radix Notoginseng (rich in
saponins) have been reported to enhance the production of
adiponectin and suppress the progression of obesity [16-
20]. Few researchers also indicated that polysaccharides
and flavonoids in Radix Astragali and Radix Notoginseng
might also contribute to increased adiponectin production

[16-19].
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To the best of our knowledge, this is the very first study
conducted to check the effects of a specific mixture of
saponins from Radix Astragali and Radix Notoginseng on
adiponectin mRNA and its downstream signaling proteins
AMPK, pAMPK, pACC, GLUT4 in adipocytes and their
effects on glucose or fatty acid regulation in adipocytes,
rats, and humans. Our in vitro study revealed that 3T3-
Lladipocytes treated with ANS showed a significant
increase in the mRNA levels of adiponectin as well as
markedly upregulated the protein expressions of pAMPK,
pACC, and GLUT 4 than cells received only DMSO
(control). Various saponins (astragalosides of Radix
Astragali and ginsenoside of Radix Notoginseng) are
reported to increase the adiponectin secretion in various
cells like hepatic, muscle, adipocytes and thus upregulate
AMPK related signaling proteins and subsequently
regulate fat and glucose metabolism [17-25].

Moreover, ANS decreased blood glucose and serum insulin
levels in normal rats likely due to upregulated adiponectin
and its downstream signaling proteins in rats. Similarly,
many researchers also demonstrated that rats treated
with saponins of Radix Astragali and Radix Notoginseng
can lower excessive blood glucose and improve insulin
resistance [26,27]. In the case of the human trial, the
subjects treated with ANS showed decreased body weight,
BMI, body fat, TG, and LDL-c levels along with improved
adiponectin levels. A similar kind of results was reported
by few researchers in humans after treatment with Radix
Astragali and Radix Notoginseng rich in saponins [28,29].
The above results suggested that synergistic activity of
saponins present in the ANS would involve in increased
production of adiponectin and subsequently alter fat and
glucose metabolism in healthy obese subjects on a non-
calorie restricted diet. The strength of the current study is
the inclusion of all types of models (cell line, animal, and
human) to check the impact of ANS on fat and glucose
metabolism. Moreover, the results are consistent with all
models and thus confer the importance of ANS (saponins)
against obesity and DM. The limitation of the present
study is that the human trial was conducted on healthy
obese individuals without dietary restriction and only
major parameters were included in the animal study. In
the future, we plan to conduct clinical trials with ANS on
either healthy obese subject on a calorie-restricted diet
or diabetic subjects on either non-calorie restricted or
calorie-restricted diets.

Conclusion

The major findings of the present study were that ANS
improved glucose regulation and fatty acid oxidation
through upregulated adiponectin mRNA and AMPK,
pAMPK, pACC, and GLUT4 transport proteins. In
addition, ANS treatment resulted in a significant reduction
in the levels of glucose and insulin in rat model and body
weight, body fat, BMI, TG, and LDL-c in healthy obese
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human subjects. These findings suggest ANS can be a
complementary modality for individuals with various
metabolic syndromes.
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