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Abstract
The two main components from a Nelumbo nucifera leaf extract (NnEx) were investigated for their ability to prevent triglyceride
accumulation and promoting lipolysis. Sun-dried Nelumbo nucifera leaves were immersed in hot water to extract the soluble
components, and the resulting solution was analyzed by LC-MS and nuclear magnetic resonance. The results showed that
quercetin-3-O-ß-glucuronide (Q3GA) and quercetin were the key components of the NnEx. In vitro experiments confirmed that
quercetin and Q3GA functioned in lipid metabolism by promoting triglyceride degradation through inhibition of the cAMP
pathway. In vivo experiments showed that NnEx ingestion inhibited the accumulation of neutral fats in ICRmice and transitioned
the hepatocytes of type II diabetic KK-Ay mice out of glycogenosis. These results highlight the ability of NnEx to control
metabolism by modulating fat and sugar absorption and may provide an interesting novel treatment for obesity and related
lifestyle diseases such as type II diabetes.
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Introduction

Modern changes in diets accompanied by decreased exercise
have led to excessive caloric intake in many countries around
the world, which results in an increased probability of obesity
and a range of associated lifestyle-related diseases such as
type II diabetes [1, 2]. Sun-dried Nelumbo nucifera leaves
have been used as a natural medication and supplement to
treat obesity in Asia. Chemical analysis of fresh Nelumbo
nucifera leaves revealed the presence of high quantities of

the quercetin glucuronide metabolite quercetin-3-O-ß-glucu-
ronide (Q3GA) and the bioflavonoid quercetin at more than 5
and 0.05 mg/g, respectively [3, 4]. Dried Nelumbo nucifera
leaves increased insulin secrection of pancreatic ß-cells [5].
Quercetin consumption has been found to reduce plasma tri-
glycerides and cholesterol in rabbits, reduce free fatty acid
levels and decrease low-density or very low-density lipopro-
tein levels while increasing high-density lipoprotein levels in
other animals [6, 7]. It has also been reported as a potent anti-
virus for inhibitory of human cytomegalovirus and beneficial
immune-stimulatory effects in vitro [8, 9]. Although Q3GA
has not been as extensively studied, it has been identified as a
major type of phenolic compound from a metabolite of quer-
cetin, a bioflavonol glucuronide. Q3GA has been documented
to have protective benefits for the cardiovascular and nervous
systems [10, 11]. It has also been found to be an antioxidant,
anti-inflammatory agent and bacteriostat as well as having
anti-cancer and anti-mutagenic properties [12, 13]. After oral
administration of Q3GA or quercetin at 100 mg/kg in rats, 18-
fold more Q3GA than quercetin was detected in plasma indi-
cating that Q3GA is a major and active component in plasma
and tissue [14]. Q3GA has also been found to possess anti-
oxidative properties and aid in cholesterol transport in mice
[15, 16]. The findings reported herein reflect the properties
observed in quercetin from previous experiments conducted
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on animal models but the mechanism by which quercetin
could may accomplish this obesity prevention is not well
understood.

The development of obesity is strongly determined by
not just the types of food one consumes but also by how
the food is metabolized in the body. Research has shown
that certain compounds, such as saponins and cod, influ-
ence the accumulation and metabolism of lipids, making
them potentially beneficial in combating obesity [17, 18].
Another contributing factor to obesity is the level of glu-
cose absorption, through insulin resistance, glucose metab-
olism and the α-glucosidase activity in the small intestine
[19]. The inhibition of α-glucosidase reduces glucose re-
lease and absorption, preventing increased blood sugar
levels (hyperglycemia) and subsequent insulin resistance,
leading to a decreased likelihood of obesity and delaying
the onset of type II diabetes [20–22]. Studies have shown
that quercetin inhibits α-glucosidase activity [23, 24].
Quercetin has also been shown to promote cyclic adeno-
sine monophosphate (cAMP)-mediated pathways to relax
smooth muscle airways in asthma via the inhibition of
phosphodiesterase [25, 26]. This observation provides a
potential mechanism by which quercetin inhibits triglycer-
ide accumulation as the cAMP pathway is also involved in
the degradation of triglycerides in white fat cells [27].

In this study, the ability of Q3GA and quercetin from a
Nelumbo nucifera leaf extract (NnEx) to prevent triglycer-
ide accumulation and promote lipolysis via modulation of
the cAMP pathway was investigated. In vitro experiments
were used not only to determine triglyceride and lipolysis
levels following introduction of the NnEx but also to ex-
amine any potential inhibition of α-glucosidase and pan-
creatic lipase. Additionally, animal models were used to
determine if the NnEx had any measurable effects on nu-
tritional and biochemical parameters, together with hepatic
tissue.

Materials and Methods

Manufacture of the Nelumbo nucifera Leaf Extract

Nelumbo nucifera leaves were picked in Eastern China
(Shandong Province) from August to October, and then dried
in the sun for one week before being shredded. A total of 1 kg
of shredded leaves was immersed in 10 L of distilled water
before heating at 95 °C for 1 h to obtain the extracted liquid.
Next, 10 L of distilled water was added to the used leaves to
repeat the extraction process. The extracts were mixed and
filtered, then heated until the specific gravity was 1.13 indi-
cating that it was suitable for spray drying. The process
yielded 100 g of concentrated NnEx product.

Phytochemical Analysis of the Nelumbo nucifera Leaf
Extract

A total of 1 g of the NnEx was dissolved in 500 mL of
Milli-Q™ water and adjusted to pH 3 with 6 N hydrochlo-
ric acid (Thermo Fisher Scientific, Waltham, MA, USA),
distilled three times with 500 mL of ethyl acetate and dried
over anhydrous magnesium sulfate. The acidic fraction
was obtained from the ethyl acetate layer under reduced
pressure and distilled twice as described to obtain the basic
fraction. The water layer was adjusted to pH 12 with 5 N
sodium hydrate (Thermo Fisher Scientific). The compo-
nents of the basic fraction were analyzed with high perfor-
mance liquid chromatography (HPLC) and LC-MS using a
Capcell Pak C18 UG120 column (φ2.0 × 150 mm;
Shiseido Inc.). The components were separated using a
linear concentration gradient of solution A (a 5% acetoni-
trile solution containing 1% acetic acid) and solution B
(acetonitrile containing 1% acetic acid) as the mobile phase
over 30 min. The reversed-phase HPLC conditions used a
column temperature of 40 °C, an injection rate of 5 µl/min
and a flow rate of 200 µl/min. The ionization was conduct-
ed in negative mode. Quercetin (FUJIFILM Wako Pure
Chemical Corporation) and quercetin 3-glucoside
(Extrasynthese Inc., France) were used as controls.
Quercetin 3-glucoronide (Q3GA) from the basic fraction
was identified by LC-MS and nuclear magnetic resonance
(NMR), also verified by the Q3GA synthesized through the
methods described in Online Resource 5.

Adipocyte Differentiation, Glycerol-3-phosphate
Dehydrogenase and Glycerol Release Assay

3T3-L1 cells were incubated in a 6-well plate (3.5 × 104

cells/mL) in the presence of 5% CO2 at 37 °C for three
days in Dulbecco’s modified Eagle medium (DMEM,
Thermo Fisher Scientific) containing 10% fetal bovine se-
rum. The medium was exchanged and the cells were incu-
bated for a further 48 h in DMEM containing 0.25 µM
dexamethasone (Sigma-Aldrich, Corporation, MO, USA)
and 0.5 mM 3-isobutyl-1-methylxanthine (Sigma-Aldrich,
Corporation). Then, the medium was replaced by DMEM
with either 0.8 m insulin (Funakoshi Inc.) or quercetin (1,
10 , 100 µM) (FUJIFILM Wako Pure Chemica l
Corporation), or with NnEx solution. Cells were then in-
cubated in the same condition for 10 days before they were
observed for adipocyte differentiation. The glycerol-3-
phosphate dehydrogenase (GPDH) activity and triglycer-
ide concentration in the cultured medium were measured
using a GPDH activity assay kit (Sigma-Aldrich,
Coporation) and triglyceride cholesterol assay kit (Sigma-
Aldrich, Corporation), respectively.
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In another experiment, cells incubated for 10 days in
DMEM medium with 0.8 m insulin were then treated with
either isoproterenol containing NnEx, or isoproterenol with
commercial quercetin (FUJIFILM Wako Pure Chemical
Corporation) or isoproterenol only at 5% CO2 at 37 °C for
72 h. After cultivation, the amount of glycerol in the culture
was measured using a NEFA-C-Test (FUJIFILM Wako Pure
Chemical Corporation).

cAMP Assay

CHO cells were transfected with the human β3 adrenergic
receptor gene and used in an assay for cAMP. The cells (5
× 103 cells/well) were incubated in a 96 well plate with
DMEM containing 10% FBS and 1 mg/mL zeocin in 5%
CO2 at 37 °C for 72 h, Then, the medium was replaced with
same medium and the cells were incubated for another 24 h.
Next, the cells were treated for 20 min with DMEM contain-
ing 20 mM HEPES (pH 7.5), 0.5 mM 3-isobutyl-1-methyl-
xanthin (Sigma-Aldrich, Corporation) and isoproterenol, and
either quercetin, rutin (a type of flavonoid), or Q3GA (distilled
from NnEx), or isoproterenol only. After the treatment, the
cells were washed with 400 µl PBS. The cAMP concentration
generated inside the cell was measured by an EIA kit (GE
Amersham Biosciences, USA).

Results and Discussion

Phytochemical Analysis of NnEx

HPLC analysis of the acidic and basic fractions of the NnEx
showed that quercetin and its glycosides were primarily found in
the acidic fraction, while the basic fraction contained the alka-
loids. Subsequent analysis using LC-MS and HPLC confirmed
that quercetin, quercetin-3-glucoside (Q3G), and Q3GAwere in
the acidic fraction of the NnEx (Online Resource 6). Analysis of
the LC-MS peaks against standardized commercial samples re-
vealed the concentrations of quercetin ranged from 0.8 to 6.9
mg/g NnEx and Q3G ranged from 9.0 to 12.1 mg/g NnEx.
Because Q3GA was not available as a commercial product,
the isolated Q3GA was used as a control and its identity was
confirmed by LC-MS and NMR after isolation (Online
Resource 6). Analysis of the LC-MS peaks revealed Q3GA
was present at 66.9–74.0 mg/g in NnEx (Table 1).

The leaves of Nelumbo nucifera have been used as a food
or medicine in China for the last 2,000 years. A clinical trial is
ongoing to evaluate the safety, toxicity and function of
Nelumbo nucifera leaves in a clinical trial (results will be
reported in due course). In this study, we revealed that an
extract of Nelumbo nucifera leaves (NnEx) had one of the
highest concentrations of Q3GA found in plants to date. An
important aspect ofNelumbo nucifera is that it is a particularly
potent source of Q3GA and quercetin compared with other
foods such as red onion [30], tomatoes [31], broccoli and
spinach. Our quantitative analysis revealed that the concentra-
tion of Q3GA contained in NnEx is 45-fold greater than that in
Rubus (fresh weight) [32], 460-fold greater than that in broc-
coli florets (fresh weight) and 270-fold greater than that in
lettuce and endive (fresh weight) [33]. The average quercetin
daily intake in the United States from normal dietary sources
such as coffee, tea, beer and wine is estimated to be 25 mg
[34]. This amount of quercetin can be obtained from just 0.6 g
of NnEx, which is equivalent to approximately 1.3 L of red
wine.

Inhibited Adipocyte Differentiation and Increased
Lipolysis

The lipolysis was assessed using 3T3-L1 cells by measur-
ing the glycerol released into the culture medium. Analysis
found that the glycerol concentration was significantly
higher following addition of 500 µg/mL NnEx or 5 µM
quercetin compared with the control group (isoproterenol
only) (Fig. 1e). Adipocyte differentiation results revealed
significantly lower GPDH activity and triglyceride content
following addition of 500 µg/mL of NnEx compared with
the insulin-only control. Addition of 100 µM of quercetin
had a similar effect (Fig. 1a–b).

In the presence of isoproterenol (≥ 0.1 µM), the cAMP
concentration inβ3 adrenergic receptor-expressing CHO cells
was found to increase to 7400 fmol/well (Fig. 1c) following
the addition of Q3GA (1 mM). A similar effect was observed
in quercetin or rutin (the glycoside containing the quercetin)
and the disaccharide rutinose (α-L-rhamnopyranosyl-(1→
6)-β-D-glucopyranose). Addition of isoproterenol (10 µM)
alone was only able to increase cAMP levels to 4,000
fmol/well. Addition of Q3GA, quercetin or rutin without the
agonist isoproterenol did not increase the cAMP concentration
inside the cell and the IC50 assay results revealed that the

Table 1 Component analysis of
three lots of the Nelumbo nucifera
leaf extract by HPLC

Content (mg/g NnEx) Lot. No. 020905 Lot. No. 030805 Lot. No. 2004-3

Quercetin (Q) 6.9 0.8 1.9

Quercetin-3-glucoside (Q3G) 10.4 9.0 12.1

Quercetin 3-O-ß-glucuronide (Q3GA) 66.9 74.0 68.8

Total 84.2 83.8 82.8
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addition of quercetin resulted in inhibition of different iso-
zymes of phosphodiesterases (PDE, an enzyme responsible
for cAMP degradation) (data not shown).

We demonstrated that the addition of the NnEx or its com-
ponents prevented triglyceride accumulation as evidenced by
the lack of differentiation of 3T3-L1 cells followed by an
increased glycerol release, suggesting the ability of the
NnEx or its components to increase lipolysis. We show that
NnEx and its components facilitated cAMP-driven triglycer-
ide degradation in cells using β3 adrenergic receptors. This
was demonstrated in CHO cells expressing the β3 adrenergic
receptor as well as in 3T3-1 cells in experiments showing
reduced triglycerides and increased cAMP content, respec-
tively. Q3GA likely functioned to prevent triglyceride

accumulation via inhibition of PDE in the presence of the
agonist isoproterenol to activate the cAMP pathway (Fig.
1d). As a known antagonist of cAMP-mediated pathways,
PDE has previously been shown to be inhibited by quercetin
resulting in induction of cAMP-mediated relaxation of smooth
muscle pathways [26]. Moreover, quercetin inhibited PDE in
IC50 experiments (data not shown). We also demonstrated that
the presence of Q3GA or quercetin with the agonist isoproter-
enol increased glycerol release in addition to increasing cAMP
content (Fig. 1c and e).

The results obtained in the presence of isoproterenol are a
clear indicator that the observed properties of quercetin and
Q3GA are related to cAMP-driven triglyceride degradation.
Without the presence of both the β3 adrenergic receptor and

Fig. 1 Changes to (a) GPDH activity in 3T3-L1 cells following insulin
stimulation with addition of Nelumbo nucifera leaf extract or quercetin at
different concentrations. Changes to (b) triglyceride concentration in
3T3-L1 cells following insulin stimulation with addition of Nelumbo
nucifera leaf extract or quercetin at different concentrations. All values
are means ± SD (mean of three replicate experiments). ** Significant
difference from the addition of 0.8 m insulin (p < 0.01). (c)
Concentration change of cAMP in CHO-K1 cells expressing the human
β3 adrenergic receptor following addition of isoproterenol only, isopro-
terenol and 1 mM quercetin, isoproterenol and 1 mM rutin, isoproterenol
and 1 mM Q3GA. All values are means ± SD (mean of three replicate
experiments). * Significant difference from the isoproterenol-only group
(p < 0.05). ** Significant difference from the isoproterenol-only group

(p < 0.01). (d) Triglyceride metabolism pathway in cells expressing the
β3 adrenergic receptor following addition of quercetin and Q3GA.
Phosphodiesterase (PDE), protein kinase (PKA), adipose triglyceride li-
pase (ATGL), hormone-sensitive lipase (HSL), monoglyceride lipase
(MGL) , t r i acy lg lycero l (TAG) , d i acy lg lyce ro l ; (DAG) ,
monoacylglycerol (MAG), free fatty acid (FFA). (e) Glycerol release in
3T3-L1 cells showing comparison between no isoproterenol control, ad-
dition of isoproterenol only at different concentrations, addition of
0.1 µM isoproterenol with Nelumbo nucifera leaf extract at different
concentrations and the addition of 0.1 µM isoproterenol with quercetin
at different concentrations. All values are means ± SD (mean of three
replicate experiments). *Significant difference from the blank control (p
< 0.05). ** Significant difference from the blank control (p < 0.01)
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the isoproterenol agonist, addition of quercetin and Q3GA
does not result in an increase to cAMP levels, demonstrating
that PDE inhibition is the most likely mechanism by which
quercetin and Q3GA promotes triglyceride degradation and
lipolysis. An excess amount of the isoproterenol agonist by
itself also overcame the effects of PDE, although this was only
achieved at isoproterenol concentrations of 10 µM. The use of
Q3GA or quercetin to inhibit PDE activity would appear to be
a more efficient process than the use of isoproterenol to acti-
vate cAMP-driven lipolysis.

Effects of NnEx in Type 2 Diabetic KK-Ay Mice

The methods for KK-Ay Mice experiments were shown in
online resource 3. The blood sugar level of the NnEx group
was significantly lower compared with the control group dur-
ing the five weeks following the initial administration of
NnEx (Fig. 2c) in the type 2 diabetic KK-Ay mice.
Although there were no significant differences in body weight
and food intake over 43 days between the two groups, the
water intake was significantly different (Fig. 2b). The liver
weight and the intra-abdominal fat significantly decreased

for the NnEx group compared with the control when observed
by dissection (Fig. 2b). An examination of the mice hepatic
tissue by HE staining revealed that the hepatocytes of mice in
the control group underwent glycogenolysis as evidenced by
vacuolar degeneration within the nucleus and cytoplasm. Less
vacuolar degeneration was observed in the hepatocytes in the
NnEx group mice (Fig. 2d–e). Additionally, NnEx quercetin
andQ3GAwere also found to inhibitα-glucosidase activity as
shown by the IC50 obtained using theα-glucosidase substrates
sucrose and maltose (Fig. 2a) by the method described in
online resource 2.

The KK-Ay mice had hepatic tissue in a glycogenolysis
state following consumption of a normal diet. Ingestion of
NnEx solution prevented the hepatocytes from entering a gly-
cogenolysis state (Fig. 2d–e) as activation of the cAMP path-
way has been reported to inhibit the synthesis of hepatic gly-
cogen [29]. This indicates that facilitating cAMP activity
might be one of the reasons for NnEx ingestion functions to
reduce hyperglycemia-induced liver damage. This is further
supported by the significant reduction in liver fat weight in
mice fed a diet containing the NnEx compared with those on a
high-fat diet. This regulation in the glycogenesis of

Fig. 2 (a) Nelumbo nucifera leaf extract, quercetin and Q3GA inhibition
of the α-glucosidase substrates sucrose and maltose as assessed using an
IC50 inhibition assay. (b) Comparison of water intake, body weight, liver
weight and intra-abdominal fat between the two groups of KK-Ay mice
after 43 days. All values are means ± SD. *Significant difference from
the control (p < 0.05). (c) Fasting blood sugar level changes (mg/dL) in
type 2 diabetic KK-Ay mice provided with the Nelumbo nucifera leaf

extract solution (10 mg/mL) compared with the control group of mice
provided with the Japanese pharmacopoeia injection solvent. All values
are means ± SD. *Significant difference from the control (p < 0.05).
***Significant difference from the control (p < 0.001). (d) HE staining of
hepatic tissue of KK-Aymice provided with the Japanese pharmacopoeia
injection solvent compared with the (e) KK-Ay mice on the Nelumbo
nucifera leaf extract solution (10 mg/mL) after 43 days

381Plant Foods Hum Nutr (2021) 76:377–384



hepatocytes may also be related to sugar absorption in the
small intestine via inhibition of α-glucosidase (Fig. 2a).

Effects of NnEx in High-Fat Diet Mice

The methods for high-fat diet mice experiments were shown
in online resource 4. Plasma leptin and glucose levels both
drastically increased in the HFD group compared with the
CPD group while levels in the HFD + 5% NnEx group were
significantly lower compared with the HFD group. The results
also indicated that increased NnEx doses correlated with de-
creased levels of leptin, TNF-α, insulin and glucose (Table 2).
Addition of approximately 3.5 to 4.0 mg/mL NnEx was also
found inhibited pancreatic lipase, one of the main digestive
enzymes secreted from the pancreas that hydrolyzes dietary
fat molecules in the digestive system, by 30% (Table 3). The
method was shown in online resource 1.

Female ICR mice were fed four different diets for 10
weeks. The HFD group had a daily caloric intake that was
1.4 times higher than the CPD group and an average weight
that was 7% higher. Reduced body weight gain was observed
in the two HFD + NnEx groups when compared with the
high-fat-only group (Table 2). The average parametric weight
in the HFD group showed a significant increase of 1.8 g
(117%) compared with the CPD group (Table 2). In the
HFD + 5% NnEx group, the average parametric weight was
significantly lower by 1.7 g (51%) compared with the HFD
group (p < 0.01). There were no significant changes between
the liver weights in any of the groups (Table 2). The liver fat
weight was significantly higher in the HFD group than the
CPD group and also significantly higher than the both HFD
+ NnEx groups (Table 2).

For ICR mice, consumption of a high-fat diet resulted in a
larger daily caloric intake and 10 week average weight, liver
fat weight and parametrium weight compared with the CPD
control group. The addition of 2% NnEx to the same high-fat
diet resulted in no significant change in daily caloric intake but
the average body weight after 10 weeks was significantly
lower than that of the high-fat diet group without the NnEx,
while the liver fat weight and parametric weight were de-
creased by 63 and 78%, respectively. These findings reveal
that the 2% NnEx does not affect food intake but instead
impacts weight gain through increasing triglyceride degrada-
tion and lipolysis. The Q3GA and quercetin contained in the
NnEx accomplished this by facilitating intracellular cAMP
pathway regulation as well as inhibition of sugar and fat ab-
sorption by arresting α-glycosidase and pancreatic lipase ac-
tivity as shown in our in vitro and in vivo experiments. These
results demonstrate how NnEx ingestion not only causes in-
hibition of sugar and fat absorption, but also prevents growth
of white adipocytes while promoting the degradation of any
accumulated cellular triglycerides.

Although quercetin has been found to be effective in
preventing triglyceride accumulation and facilitating in-
creased lipolysis in animalmodels, our hypothesis is that quer-
cetin first needs to be metabolized into glucosides such as
Q3GA before there are observable effects on obesity. This is
supported by evidence from a previous study where the pres-
ence of Q3GA but not quercetin was detected in human blood

Table 2 Nutritional and biochemical parameters for each group of ICR mice after 10 weeks of consuming a commercial power diet, high-fat diet, or
high-fat diet and Nelumbo nucifera leaf extract

Commercial powder diet High fat diet High fat diet+2% NnEx High fat diet+5% NnEx

Body weight (g) 34.0±0.52 36.4±0.98** 36.0±0.95# # 35.5±0.95# #

Average caloric intake (kcal/Day ) 16.2±0.20 21.9±0.32 ** 21.2±0.27 19.0±0.30# #

Liver weight (g) 1.9332±0.22 2.0428±0.31 1.9430±0.22 2.0869±0.24

Liver fat weight (g) 0.4407±0.23 1.3847±0.78 ** 0.8725±0.43# # 0.7645±0.48# #

Kidney (g) 0.4164±0.04 0.3680±0.04* 0.3463±0.03 0.3934±0.04

Parametrium (g) 1.5620±0.66 3.3871±1.34 ** 2.6391±1.09 1.7292±0.52##

Plasma leptin (pg/ml) 9743.7±4499.50 22484.0±10223.50 * 18085.4±9999.70 10675.9±3565.90 #

Plasma insulin (pg/ml) 475.4±191.00 738.9±446.30 656.0±335.40 504.5±198.40

Plasma TNF-α (pg/ml) 741.0±168.60 763.9±288.20 687.8±149.90 670.3±32.90

Plasma glucose (mg/dl) 149.63±6.30 163.2±12.50 ** 154.2±26.10 139.3±14.70 ##

Values are mean ± SD, n = 10. Aspin-Welch t-test: * significant difference from the commercial power diet group (p < 0.05), ** Significant difference
from the commercial power diet group (p < 0.01), # Significant difference from high-fat diet group (p < 0.05). # # Significant difference from the high-
fat diet group (p < 0.01)

Table 3 Inhibition of pancreatic lipase by the Nelumbo nucifera leaf
extract

NnEx (mg/ml) 4 3.5 3 2.5 2 1.5 1 0.5 0

Inhibition (%) 30.2 32 28 25.3 22.2 18.2 12.5 6.7 0
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plasma following quercetin consumption [13, 14]. This evi-
dence suggests that quercetin is absorbed through the intes-
tines and metabolized to Q3GA, and the human body priori-
tizes Q3GA as a functional compound over quercetin. Further
research is required to determine if Q3GA is more potent at
counteracting obesity than quercetin in humans.

Conclusions

Our research has demonstrated that the Q3GA and quercetin
found in the NnEx prevent triglyceride accumulation and pro-
mote lipolysis through facilitating cAMP-driven triglyceride
degradation. These findings were also validated in vivo as
supported by results in mice where the NnEx was able to
prevent adipose tissue accumulation and weight gain. The
observed effects were likely related to the high concentration
of Q3GA contained in the NnEx compared with other foods.
The observed reduction in blood sugar levels and prevention
of adipose tissue accumulation make the extract of Nelumbo
Nucifera leaves an interesting and novel solution to treat obe-
sity and related lifestyle diseases such as type 2 diabetes.
Currently, we are in the process of confirming the effects of
the NnEx in a clinical trial.
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